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Impact of cholesterol on disease progression
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Cholesterol-rich microdomains (also called lipid rafts), where platforms for signaling are provided and
thought to be associated with microbe-induced pathogenesis and lead to cancer progression. After treatment
of cells with cholesterol disrupting or usurping agents, raft-associated proteins and lipids can be dissoci-
ated, and this renders the cell structure nonfunctional and therefore mitigates disease severity. This review

focuses on the role of cholesterol in disease progression including cancer development and infectious dis-
eases. Understanding the molecular mechanisms of cholesterol in these diseases may provide insight into
the development of novel strategies for controlling these diseases in clinical scenarios.

1. Metabolism of cholesterol
1.1. Biosynthesis of cholesterol

Cholesterol is an extremely important biological molecule as it
is a precursor for the synthesis of steroid hormones, bile acids,
and vitamin D [1]. The human body manufactures around 1 g
of cholesterol each day and approximately 20-25% of total
daily cholesterol production occurs in the liver [2]. Synthesis
of cholesterol is a series process and starts with acetyl CoA and
acetoacetyl-CoA, which are hydrated to form 3-hydroxy-3-
methylglutaryl CoA (HMG-CoA). This molecule is subsequently
reduced to mevalonate by the enzyme HMG-CoA reductase [3].
This is the regulated, rate-limiting, and irreversible step in choles-
terol biosynthesis and is the target of action for statin drugs (HMG-
CoA reductase competitive inhibitors) [4].

1.2. Association of abnormal cholesterol levels with diseases

Both dietary cholesterol and synthesized de novo are transported

by lipoprotein particles through the circulatory system. The four
major types of lipoproteins are chylomicron, very low-density
lipoprotein (VLDL), low-density lipoprotein (LDL), and high-
density lipoprotein (HDL). Chylomicrons and VLDL deliver
triacylglycerol to cells in the body, whereas LDL delivers choles-
terol to cells in the body. Meanwhile, HDL is involved in reverse
cholesterol transport. The synthesis and utilization of cholesterol
must be tightly regulated in order to prevent over-accumulation
and abnormal depositing within the body. There are two mani-
festations of cholesterol disorders, hyperlipidemia and hypolipi-
demia. The reasons for cholesterol disorders include dietary
issues, genetic disorders, and other diseases [5-7]. For example,
due to a genetic disorder caused by a defect on chromosome 19,
cholesterol continues to be produced despite there already be-
ing an excess of cholesterol in the blood (lack of uptake by LDL
receptor), and this may cause familial hypercholesterolemia [8].
In contrast, hypo-cholesterol level may result from liver disease,
hypothyroidism, and genetic disorders such as familial hypobeta-
lipoproteinemia and Smith-Lemli-Opitz syndrome (7-dehydroc-
holesterol reductase deficiency) [9].
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Table 1 — Diseases associated with abnormal cholesterol levels.

Diseases associated with high cholesterol level References
Atherosclerosis [11]

Stroke [12]
Cardiovascular disease (i.e. coronary heart disease and heart attacks) [13]
Xanthomas (familial hypercholesterolemia) [14, 15]

Tangier disease (familial HDL deficiency) [16]
Diseases associated with low cholesterol level

Huntington disease [17, 8]
Increase in deaths from trauma and hemorrhagic stroke [19, 20]
Increase risk of neuropsychiatric disorders (i.e. depression , suicide, anxiety, impulsivity, and aggression) [21-24]

Table 2 — The relationship between cancers and cholesterol.

Cancer Positive related Negative related
Bladder cancer [47] [48]

Breast cancer [37-40, 49] [48, 50, 51]
Colon cancer [44, 45, 52, 53] -

Female reproductive organ cancer [46] [54]
Kidney cancer [47] -

Liver cancer [55] [53]

Lung cancer [46, 47] [53]
Melanoma [46] [56, 57]
Non-Hodgkin's lymphomas [47] -

Oral cancer [41] [58-60]
Pancreas cancer [47] -

Prostate cancer [61-63] [47, 48]
Stomach cancer [47] [53]

The level of cholesterol in the body being too high or too low
may cause varies symptoms, syndromes, or diseases. Excessive
cholesterol is associated with several cardiovascular diseases
and such levels are easily attained with an unhealthy diet. In
fact, it should be noted that it is not essential for cholesterol to be
obtained from one’s diet as it is easily synthesized in the body.
Whereas, low cholesterol is associated with mental disorders,
neuropsychiatric diseases, and mortality in elderly [10]. Some
critical diseases related to cholesterol levels are listed in Table 1.

1.3. The cholesterol lowering agents

The most important drugs for the treatment of dyslipidemia are
statins which have been shown in multiple clinical trials to re-
duce cardiovascular events and mortality [25]. Statins can inhibit
HMG-CoA reductase and design to subsequently inhibit enzyme
activity in the liver [26]. Inhibition of cholesterol synthesis further
decreases circulating LDL, which reduces levels of cholesterol in
the hepatocyte and therefore lead to up-regulated expressions of
LDL receptors. Some other drugs have been developed to treat
dyslipidemia in specific subsets of patients. For instance, fibrates,
which bind to the nuclear receptor PPAR-alpha, can increase
HDL levels and decrease triglyceride levels [27]. Fibrates were
originally used to address the primary problem of high levels of
triglycerides. Another example is niacin (nicotinic acid), which
increases HDL levels and decreases triglyceride and LDL levels
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at high doses (much higher than required for its role as a vitamin)
[28, 29]. And there is ezetimibe, which inhibits cholesterol ab-
sorption in the small intestine and effectively lowers LDL choles-
terol [30].

2. Role of cholesterol in cancer progression
2.1. Cholesterol and cancer development

Cholesterol is known as a main component of lipid rafts and has
been documented to regulate cell membrane proteins, receptor
trafficking, signal transduction, as well as influence cell membrane
fluidity [31]. Moreover, cholesterol and other lipid-components
participate in the production of hormones [32] and energy [33].
However, when large concentrations of cholesterol accumulate in
the human body, especially in the organs and blood stream, the
risk of various diseases increases (Table 2). Notably, studies have
revealed that an increased cholesterol level participates in cancer
cell malignancy, and the dysfunction of cholesterol metabolism
may also influence cancer progression [34-36]. For example, me-
valonate, a cholesterol synthesis precursor, promotes breast cancer
cell proliferation in vivo and in vitro [37, 38]. Additionally, 27-
hydroxycholesterol, which is a metabolite from cholesterol, is
expressed much higher in the estrogen receptor-positive breast
cancer patient site, when compared with both normal breast tissue
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Table 3 — Functions of cholesterol-rich microdomains in pathogen infection.

Pathogen Function References
Aggregatibacter actinomycetemcomitan CDT holotoxin entry into host cells [71,72]
Anaplasma phagocytophilum A. phagocytophilum infection [73]
Campylobacter jejuni CDT holotoxin entry into host cells [74,75]
Haemophilus ducreyi CDT holotoxin entry into host cells [76]
Helicobacter pylori CagA translocation and VacA function [77-80]
HIV Facilitate HIV infection [81]

Prion Promote the conversion of PrP° into the isoform PrP*° [82]

and a patient’s cancer-free region control [39, 40]. In oral cancer,
cholesterol was found to be significantly increased in tumor tissue
compared to normal tissue [41]. Moreover, previous studies have
reported that elevated cholesterol in the circulatory system pro-
motes Akt signaling, decreases apoptosis activity in LNCap pros-
tate cell line, and enhances tumor aggressiveness in a xenograft
animal model [42, 43]. Further, it has been reported that serum
cholesterol is a positive factor in colon cancer development [44,
45]. Other cancers, including female reproductive organ cancers,
lung cancer, and melanoma are also documented to correlate with
high levels of cholesterol [46].

2.2. Reducing cholesterol inhibits cancer progression

In addition to the correlation between cholesterol and cancer pro-
gression, disruption of cell membrane lipid rafts or cholesterol
components and interference of cholesterol synthesis are considered
as treating prospects toward cancer treatment [64, 65]. There-
fore, clinical use of cholesterol-controlling medicines has
been implied to possess chemoprotective effects [66]. Statins,
HMG-CoA reductase inhibitors, are cholesterol-lowering agents
[67], and the total consumption of statins has been increasing in
recent years [46]. Statins are documented to decrease the pro-
liferation of cancer cells [49, 63], reduce the risk of cancer inci-
dence rate [61], and even influence the mortality rate in cancer
patients [68]. However, the findings of statins use in the treat-
ment of cancer have revealed inconsistencies. Some reports have
even claimed that the use of statin may increase the risk of cancer
[51, 57], or have no correlation in the treatment of cancer [50,
69]. Therefore, the benefits of the cholesterol-controlling aspect
in the treatments of lipid rafts-related cancers, animal models,
and the details of their underlying mechanisms may need further
investigations.

Despite arising number of reports that support the claim that
the use of statin significantly reduces the incidence of cancer, not
all of the statistical results are consistent with such a claim [48,
70]. Research into cholesterol-related cancer progression and
the use of cholesterol-lowering drugs are mostly of the database
analysis variety. However, the results may differ according to
participant sample selection, sample size, and related confound-
ing factors. Therefore, additional studies with cellular or animal
models, long-term vs. short-term statin users follow-up, and even
studies consisting of large sample sizes with multiple confounders
would help further elucidate this issue.

3. Association of cholesterol with pathogen
infections
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Cholesterol is the most important component of lipid rafts in
eukaryotic cells. Lipid rafts are also considered a critical factor
in host-pathogen interaction and colonization of hosts by several
pathogens including bacteria, viruses, as well as prions. Most of
the studies we refer to here describe a few examples of the role of
cholesterol in promoting pathogenic infections (Table 3).

3.1. Lipid rafts serve as platforms for bacterial pathogens

In order to promote their internalization into host, bacterial patho-
gens may utilize host cells to enhance their own adherence and
survival abilities [83, 84]. Adhesion to host cells by pathogens
is the first step in their invasion process and may be associated
with lipid rafts. The most commonly described cellular target of
intestinal pathogens is Campylobacter jejuni, which attach to host
epithelial cells via membrane cholesterol [85-87]. In addition,
the major virulence factor expressed by C. jejuni is cytolethal
distending toxin (CDT) [74], which also can be produced by vari-
ous common Gram-negative bacteria, including Aggregatibacter
actinomycetemcomitans [88], Escherichia coli [89], Haemophilus
ducreyi [76], Helicobacter hepaticus [90], and Shigella dysen-
teriae [91]. It has been reported that C. jejuni CDT-induced
pathogenesis of host cells is dependent on membrane cholesterol
levels. By using cholesterol-depleting agents such as methylh-f-
cyclodextrin (MBCD) which markedly decreased the intoxication
of cells [74, 92]. Further evidence of the role of lipid rafts in both
C. jejuni and A. actinomycetemcomitans CDT-induced genotoxic-
ity of host cells have been demonstrated through the cholesterol
recognition/interaction amino acid consensus (CRAC) region of
the CdtC subunit [71, 75]. These findings indicate that membrane
cholesterol provides an essential component for CDT binding to
the cell membrane and also serves as a portal for CdtB delivery
into host cells for the induction of cell intoxication. Moreover, in
this case, the virulence protein cytotoxin-associated gene A (CagA)
of Helicobacter pylori, is delivered into the target cells by the
type IV secretion system [93] and utilizes membrane cholesterol
to lead to the activation of pro-inflammatory signaling pathways
within gastric cells [75, 78, 94, 95]. Furthermore, a dramatic
demonstration of the dissociation of infectivity and pathology
is H. pylori within encoding glucosyltransferase, which is
indispensable for cholesterol glucosylation and promotes H.
pylori-induced phagocytosis escape and subsequent immune
responses [77, 96]. Similar to C. jejuni and H. pylori, the recent
description of the combination of apoE-deficiency and a high
cholesterol diet in mice facilitated Anaplasma phagocytophilum
infection in vivo and induced proinflammatory responses [73].
However, not all pathogens require lipid rafts to gain entry into
host cells. Recently, it has been shown that cholesterol-mediated
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invasions and intracellular replication are not required for Chla-
mydia trachomatis and Salmonella enterica serovar Typhimurium
infection of mice embryonic fibroblasts (MEFs) [97]. Together,
these examples illustrate that lipid rafts provide several advantages
for bacteria, including virulence factors in modulating internaliza-
tion and transport of extracellular proteins as well as signaling
platforms.

3.2. Conversion of prions is associated with lipid rafts

Neurodegenerative disorders caused by prions have been linked
to the variant Creutzfeldt-Jakob Disease (vCJID) in humans [98].
The cellular prion protein (PrP®) is called a normal cell surface
glycoprotein by means of a glycosylphosphatidylinositol (GPI)-
anchor. GPI-anchored PrP€ is presented in lipid rafts where are
microdomains enriched in cholesterol [99]. It is widely known
that PrP® is found in membrane cholesterol and plays a crucial
role in the development of prion-related diseases by changing its
conformation to a pathological isoform (PrP*) [82]. PrP*is an
essential part of the prion, causing fatal and transmissible neuro-
degenerative prion diseases [82]. Several lines of evidence sug-
gest that lipid rafts are highly essential for the transport of PrP®
and the toxicity of PrP* in neuronal cells [100, 101]. Altogether,
these studies indicate the critical role of lipid rafts, which main-
tain the cell surface localization of GPI-anchor attachment of PrP®
and are involved in prion conversion and neurotoxicity.

3.3. Lipid rafts facilitate virus infection

Human immunodeficiency virus (HIV) is the retrovirus that
is well known to cause acquired immunodeficiency syndrome
(AIDS) [102]. Previous clinical evidence indicated that the level
of cholesterol may be a potential factor for controlling the spread
or fusion of many viruses [103, 104] which are involved in HIV
production and infectivity [81]. It has been reported that the
negative effector (Nef) protein from HIV can enhance cholesterol
uptake and biosynthesis by activating the transcription of the
sterol-responsive element binding factor 2 (SREBF-2) and SREBF-
2-regulated genes [105]. In addition, the Nef inhibits the activity
of the cellular cholesterol transporter ATP-binding cassette Al
(ABCA1) [106], which in response binds to cholesterol and
delivers it to the lipid rafts. Conversely, reduction of cellular cho-
lesterol by ABCA1 activation has been shown to potently inhibit
HIV replication [107, 108]. Taken together, these results reveal
that HIV requires cholesterol for its egress from and entry into
cells.

4. Conclusions and perspectives

Cholesterol-enriched microdomains, which provide platforms for
signaling, are thought to be associated with the development of
various types of cancers. It has also been clear that the role of
cholesterol in pathogen-host interactions contributes to further
ensure the pathogens’ survival and virulence delivery into host.
These findings indicate that an adequate regulation of cholesterol
may prevent cancer progression as well as mitigate microbe-
induced the pathogenesis of hosts. Fully unveiling the role of
cholesterol in diseases’ manifestations may shed light on the pos-
sibility to develop a novel approach to the retardation or possible
prevention of cancer development and the treatment of infectious
diseases.
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ABSTRACT

The aim of this study was to evaluate the interacted association between EDNRA and EDN1 polymorphisms
and gender, regular exercise, and obesity status on carotid intima media thickness (IMT) in community-
dwelling subjects of the Taichung Community Health Study. Five single-nucleotide polymorphisms (SNPs
rs1395821, rs1878406, rs5333, rs1800541, and rs5370) of the EDNRA and EDN1 gene were examined
in 480 participants from 160 families. The IMT protocol involves scanning the common carotid arteries
(CCAs), the carotid bifurcations (bulb), and the origins (first 1 cm) of the internal carotid arteries (ICAs).
Generalized linear models with a generalized estimating equation were employed to consider the depen-
dence among family members. After multivariate adjustment, the effects of interactions between EDNRA
and EDN1 gene with gender, obesity, and exercise were observed. For gene-gender interaction on CCA
IMT, the adjusted mean for men carrying the GA/GG genotype of EDNRASNP rs1878406 was 1.18 times
higher than that for men carrying the AA genotype (95% CI: 1.01, 1.37). As for bulb and ICA IMT, the ad-
justed mean values for women carrying the AC/AA genotype of EDN1 rs5370 was lower than those carrying
the CC genotype: 0.89, [0.82, 0.98]; and 0.90 [0.83, 0.99], respectively. We did observe significant effects
of EDNRA SNPs rs1395821 and rs5333 in individuals who regularly exercised. A significantly lower ad-
justed mean in CCA IMT for non-obese individuals carrying EDNRA SNP rs5333 was observed (0.92 [0.86,
0.99]) compared with non-obese individuals carrying the AA genotype. This study first reported significant
interactions of EDNRA and EDN1 polymorphisms with gender, regular exercise, and obesity on carotid
IMT in Han Chinese participants.

1. Introduction

metabolic syndrome, a cluster of CVD risk factors. These CVD
risk factors include high blood pressure, high (pro)-insulin con-

Cardiovascular disease (CVD), including coronary heart disease
(CHD), stroke, and peripheral arterial disease, is responsible for
a lot of morbidity and premature mortality. The pathogenesis of
CVD appears to be multi-factorial. Genetics and environments
are two major determinants that result in the development of

centrations, excess body weight with central obesity, an altered
lipid profile (dyslipidaemia), and inflammation which increases
the likelihood of developing atherosclerosis.

Carotid intima-media thickness (IMT) is a quantitative mea-
sure of subclinical atherosclerosis [1]. During the progression of
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atherosclerosis, there are arterial wall vessels changes character-
ized by a gradual increase in carotid IMT. Carotid IMT is one
of the best established and most commonly used early surrogate
markers of atherosclerosis [2] as well as a strong predictor of
myocardial infarction [3]. Subclinical measurements of carotid
IMT have been proposed to be good quantitative phenotypes for
the evaluation of its genetic determinants [4]. It has been reported
that there is an estimated heritability of 32%-59% in carotid IMT
across different populations, indicating genetic factors play an
important role in carotid IMT [5-7].

Endothelin-1 (ET-1), encoded by the EDN1 gene located in
chromosome 6p21-24, is a potent vasoconstrictor in the body.
ET-1 is expressed in several tissues, including endothelial cells
and cardiomyocytes [8], and acts as a modulator of vasomotor
tone and vascular remodeling [9, 10]. ET-1 is present in athero-
sclerotic lesions, and mediates endothelial dysfunction by increas-
ing fibroblast and macrophage activity [11]. ET-1 itself has been
considered as a preclinical risk factor for cardiovascular disease
[12, 13]. In addition, ET-1 levels are associated with insulin re-
sistance and impairment of glucose transport [14-16], and the one
common polymorphism in the EDNI gene (rs5390 - Lys198Asn)
has been reported to be associated to blood pressure in interac-
tion with body mass index in European [17] and Japanese [18,
19] populations. One important single-nucleotide polymorphism
(SNP) [-1394TNG (rs1800541)] in the promoter region of EDN1
gene has been associated with a risk of developing myocardial
infarction, rheumatoid arthritis, and asthma [20-24].

Endothelin type A receptor (EDNRA) is a receptor for ET-1, a
potent vasoconstrictor. EDNRA is expressed in vascular smooth-
muscle cells [25]. Two studies have investigated the association
between single nucleotide polymorphisms (SNPs) in EDNRA and
carotid IMT [26, 27], but they showed conflicting results. One
study identified that rs6841473 in the EDNRA gene modified
the association between smoking and left carotid IMT in Africa
Americans [26], whereas the other study did not find the associa-
tion between rs1878406 in the EDNRA gene and carotid IMT in
patients with rheumatoid arthritis [27].

The effects of the genetic loci of the EDNI and EDNRA
genes in Han Chinese populations remain unclear. The paucity
of research in this area highlights a need for additional study of
the relation between endothelial system genes and carotid IMT.
Furthermore, very few studies have focused on the interaction
between these genes and environmental factors. Therefore, in our
study we examined the associations of five SNPs in EDN1 and
EDNRA genes with carotid IMT in a Han Chinese sample from
the Taichung Community Health Study (TCHS), and evaluated
their interaction effects by gender, regular exercise, and obesity
status.

2. Methods

A community-based family study of subclinical atherosclerosis
was conducted. All index subjects were identified from our cohort
of Taichung Health Study (TCHS), conducted in 2004. TCHS
consisted of 2,359 adults aged >40 years who were randomly
selected from among Taichung’s general population. This cohort
was longitudinally followed from October 2006 to 2009. A total
of 1,666 residents were followed and the overall follow-up rate
was 73.3%. Carotid IMT was measured at the second wave of the
survey. This study was approved by the Human Research Com-
mittee of China Medical University Hospital. Informed consent
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was obtained from each participant.

All study subjects and their relatives were contacted individu-
ally by letter and phone and invited to participate in the study.
Data were collected for these study subjects, their spouses, and
their all first-degree blood relatives (parents, biological siblings,
and offspring) who were 20 years of age or older. A total of 160
index subjects who could provide information on their spouse,
and one first-degree blood relative of each index participant were
included for this genetic study, for a total of 480 people. The in-
clusion criterion for study subjects was that they must have more
than one first-degree relatives.

3. Measurements
3.1. Anthropometric measurement

Anthropometric measurements and blood samples were obtained
from the complete physical examination. Weight and height were
measured on an autoanthropometer (super-view, HW-666), with
the subjects shoeless and wearing light clothing. Body mass index
(BMI) was derived from the formula of weight (kg) = (height)” (m) °.
Obesity was defined as a BMI greater than or equal to 27 kg/m’.

3.2. Extracranial carotid artery ultrasound measurement

After resting for at least 10 min in the supine position with the
neck in slight hyperextension, all study subjects underwent a
carotid ultrasound examination using a 7.5-MHz probe to scan
the near and far wall of their arterial segments bilaterally in order
to get the longitudinal (anterior oblique, lateral, and posterior
oblique) and transverse views (GE L7000, GE, Milwaukee, Wis.,
U.S.A.). The protocol involved scanning the common carotid
arteries (CCAs), the carotid bifurcations (bulb), and the origins
(the first 1 cm) of the internal carotid arteries (ICAs). The near
and far walls of these arterial segments were scanned longitudi-
nally and transversally. The CCA image was taken just before the
carotid artery bulb (=5 mm) (CCA IMT). The carotid artery bulb
was measured at the level of the proximal ICA sinus (bulb IMT),
typically centered on the flow divider. The ICA measurement was
made in the ICA where the walls were again parallel (ICA IMT).

3.3. Genetic analysis

Genomic DNA was isolated from the blood samples using the
QIAamp DNA Blood Kit (Qiagen, Chatsworth, CA, USA). The
concentration of the purified DNA was quantified using a ND-
2000c spectrophotometer (NanoDrop Technologies, Wilmington,
DE, USA). We selected the rs1395821, rs1878406, and rs5333
SNPs of the EDNRA gene, and the rs1800541 and rs5370 of the
EDNI1 gene based on the findings for the CHB population in the
International HapMap Project. The SNP genotyping was per-
formed using an [llumina VeraCode GoldenGate genotyping assay
(Illumina, San Diego, CA, USA).

3.4. Sociodemographic factors and life style behaviors

Data on sociodemographic characteristics, including gender, age,
educational attainment, marital status, household income, smok-
ing, drinking, physical activity, occupational activity, menopausal
status, dietary habits, family history of cardiovascular-related dis-
eases, physician-diagnosed diseases, and medication history were
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Table 1 — Characteristics of study subjects.

Total Men Women
(n =480) (n =251, 52.3%) (n=229, 47.7%)

Age (years) 51.39 £ 15.08 51.49 £16.28 51.28 £13.67
BMI (kg/m’) 23.93 +£3.38 24.73 £3.41 23.05+3.14
Obesity 77 (16.4) 53 (21.12) 24 (10.48)
Health behavior

Regular exercise 306 (63.75) 165 (65.74) 141 (61.57)

Smoking 84 (17.5) 79(31.47) 5(2.18)

Drinking 93 (19.38) 76 (30.28) 17 (7.42)

Betel nut chewing 13 (2.71) 13 (5.18) 0 (0)
Disease History

Hypertension 121 (25.21) 77 (30.68) 44 (19.21)

Hyperglycemia 50 (10.44) 33 (13.15) 17 (7.46)

Hyperlipidemia 162 (33.89) 87 (34.8) 75 (32.89)

CVA 6 (1.25) 4(1.59) 2 (0.87)

Cancer 18 (3.76) 6(2.39) 12 (5.26)
IMT measurements
IMT-CCA- distance (mm) 0.86 +£0.29 091 £0.34 0.8+0.22
IMT-Bulb- proximal (mm) 1.25+0.70 1.31+£0.73 1.18 £ 0.66
IMT-ICA- proximal (mm) 0.86 £ 0.46 0.93+0.51 0.79 £ 0.37

Data were presented as mean + SD for continuous variables or n (%) for categorical variables.

BMI: body mass index; CVA: cerebral vascular accident.

collected when the participants underwent a complete physical
exam. Participants who engaged in regular exercise were defined
as those who currently participated in regular leisure-time activi-
ties for at least 30 min per week for at least 6 months.

3.5. Statistical analysis

Simple descriptive analyses, such as mean, standard deviation,
and proportion were presented. Generalized linear models (GLM)
with generalized estimating equation(s) (GEE) were employed to
compare differences in demographic factors, lifestyle behaviors,
and disease history, including hypertension, hyperglycemia,
hyperlipidemia, cardiovascular disease, and cancer among geno-
types of SNPs in the EDNRA and EDN1 genes by considering the
dependence among family members. Five SNPs were tested for
deviation from HWE using PLINK software. Gene-environment
interactions including gene-gender, gene-exercise, and gene-obesity
interactions on carotid IMT were assessed by GLM with GEE ad-
justed for age, gender, obesity, regular exercise, smoking habits,
alcohol drinking, and betel nut chewing. The gene-environment
interactions were examined by entering the product terms of each
environmental factor and individual SNP with either major al-
lele as the reference group. In addition, three dummy variables
measured the main effect of individual SNPs, the main effect of
each environmental factor, and the combined effect of individual
SNPs with each environmental factor. The values of carotid IMT
for CCA, bulb, and ICA were natural log-transformed due to their
skewed distributions. Adjusted mean ratio and 95% confidence
intervals (Cls) of carotid IMT values were presented. Further-
more, the haplotypes in this sample were analyzed separately for
each gene at a frequency > 5%. The significance level was set at
a two-sided P < 0.05. All analyses used Statistical Analysis Sys-
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tem software (v9.4, SAS Institute Inc., Cary, NC, USA), PLINK
(v1.07) (http://pngu.mgh.harvard.edu/purcell/plink) [28], and
Haploview (v4.2) [29].

4. Results

The characteristics of all study subjects and stratified by gender
are shown in Table 1. The mean age of the community-dwelling
men and women was 51.49 years (SD = 16.28 years) and 51.28
years (13.67 years), respectively. Among the study subjects,
52.3% were men. The prevalence of obesity, regular exercise,
smoking, drinking, and betel nut chewing were 16.4%, 63.75%,
17.5%, 19.38%, and 2.71%, respectively. The self-reported diag-
nosed diseases included hypertension (25.21%), hyperglycemia
(10.44%), hyperlipidemia (33.89%), CVA (1.25%), and cancer
(3.76%). The mean values of CCA IMT, bulb IMT, and ICA IMT
in men were 0.91 (0.34), 1.31 (0.73), and 0.93 (0.51), respectively;
and in women were 0.8 (0.22), 1.18 (0.66), and 0.79 (0.37), re-
spectively.

All five of the SNPs studied in the two genes were within the
HWE (P > 0.05) and the allele and genotype distributions for all
polymorphisms are shown in Table 2. The associations of the
EDNRA and EDN1 polymorphisms with CCA IMT, bulb IMT,
and ICA IMT were examined. The mean values of CCA IMT,
bulb IMT, and ICA IMT were not significantly different among
genotypes of these 5 SNPs (data not shown). Multiple linear re-
gression analyses were performed on haplotypes in the EDN1 and
EDNRA genes. The haplotypes with a frequency of >5% were
retained for analysis and we identified four haplotypes of the
EDNRA gene for analysis. Two haplotypes of the EDNRA gene
were prevalent (A-G-A: 45% and G-G-A: 26.7%), and the other
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Table 2 — Genotype distributions of study subjects and IMT distributions according to genotype status.

Gene SNP Genotype n (%) CCA IMT? BULB IMT" ICA IMT"
or allele

EDNRA 51395821 AA 184 (38.33) 0.84 +1.35 1.13 + 1.63 0.82+1.52
AG 229 (47.71) 0.82 +1.33 111+ 1.62 0.78 + 1.45
GG 64 (13.33) 0.78 +1.29 1.02 +1.57 0.74 + 1.41
G* 357 (0.37)

EDNRA 151878406 AA 22 (4.58) 0.84 +1.37 12 +1.7 0.89 +1.52
AG 158 (32.92) 0.83 +1.33 1.15+1.63 0.8 +1.48
GG 298 (62.08) 0.81 +1.33 1.08 +1.61 0.78 +1.47
A* 202 (0.27)

EDNRA 1s5333 AA 300 (62.5) 0.82+1.34 1.09 + 1.62 0.78 + 1.47
AG 161 (33.54) 0.83 +1.32 1.14 + 1.63 0.79 + 1.48
GG 18 (3.75) 0.8+1.27 1 +147 0.85+1.5
G* 197 (0.21)

EDNI 151800541 AA 313 (65.21) 0.81 +1.31 1.09 + 1.61 0.78 +1.48
AC 148 (30.83) 0.84+1.36 1.14 + 1.65 0.81 + 1.46
ccC 18 (3.75) 0.8+ 1.36 1.06 + 1.42 0.73 +1.43
C* 184 (0.19)

EDNI 155370 AA 34 (7.08) 0.82 +1.32 1.11 £ 1.62 0.78 +1.47
AC 191 (39.79) 0.83 + 1.34 1.11+1.63 0.8 +1.47
ccC 250 (52.08) 0.8+ 1.37 1.04 +1.56 0.81+1.5
A* 259 (0.37)

Data were presented as n (%) for genotypes and alleles or mean + SD for IMT.
#: Geometric mean was presented.
*: Minor allele.

Table 3 — Significant gene-environment interactions on CCA-distance, BULB-proximal, and ICA-

proximal.

P for interaction

Environment Gene SNP
CCAIMT BULB IMT ICAIMT

Gender

EDNRA 151395821 0.03¢ 0.026°

EDNRA rs1878406 0.017"

EDNRA rs5333 0.036"

EDNI 151800541 0.024¢

EDNI1 rs5370 0.019¢ 0.033"
Regular exercise

EDNRA rs1395821 0.02° 0.031"

EDNRA rs5333 0.002"
Obesity

EDNRA rs5333 0.027°

d: interaction term was assessed by a dominant model; r: interaction term was assessed by a recessive model.

two haplotypes were less common with estimated frequencies of
8.34% and 5.02%. Individuals who carried the G-G-A EDNRA
haplotype displayed significantly thinner ICA IMT without ad-
justment ( =-0.07 [95% CI: -0.13, -0.01]; P < 0.05). After mul-
tivariate adjustment, this effect became borderline significant.
The gene-gender, gene-exercise, and gene-obesity interac-
tions for EDNRA and EDN1 SNPs on carotid IMT were explored
(Table 3). After multivariate adjustment, the effects of interactions
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between EDNRA SNPs rs1395821, rs1878406, and rs5333 with
gender as well as EDNRA SNP rs5333 with obesity on CCA IMT
were observed. We also observed significant interactions of EDN1
SNPs rs1800541 and rs5370 with gender as well as EDNRA SNPs
rs1395821 and rs5333 with regular exercise on bulb IMT. As for
ICA IMT, the interactions of EDNRA SNP rs1395821 and EDN1
SNP rs5370 with gender, as well as EDNRA SNP rs1395821 with
regular exercise were significant.
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(A) Sex

Gene SNP? Men Women
CCAIMT EDNRA rs1395821¢ F———71 0.95(0.89,1.02) F—e—  1.05(0.99, 1.1)
rs1878406" 1.18 (1.01, 1.37)ft * ! T 0.94 (0.86, 1.04)
rs5333 = . 11.08 (0.98, 1.19) ——e——1  0.94(0.87, 1.03)
BULB IMT EDN1 rs1800541¢ l o I 1.06 (0.97, 1.16) —e— 0.92 (0.83, 1.01)
rs5370¢ = . i 1.03(094,113) o 0.89 (0.82, 0.98)*
ICAIMT EDNRA rs1395821¢ l l 0.91(0.83, 1.01) F+—e—— 1.05(0.97, 1.15)
EDN1 rs5370" 1.11 (0.94, 1.3)! : —— 0.9 (0.83, 0.99)*
T T T T T 1 I T T T 1
0.8 0.9 1.0 1.1 1.2 1.3 14 0.8 0.9 1.0 1.1 1.2 1.3 14
(B) Exercise
No exercise Exercise
Gene SNP? 1.17 (1.01, 1.35)*
BULB IMT EDNRA rs1395821" ’ . ’ F———7— 0.93(0.82,1.04)
rs5333" F—e— 0.77 (0.71, 0.83)%** ——e——— 0.99(0.86, 1.15)
ICAIMT EDNRA rs1395821" H——e——11.09 (0.97, 1.23) ——e—H  0.9(0.81,1.01)
I T T T T T 1 I T T T T T 1
07 08 09 10 11 12 13 14 07 08 09 10 11 12 13 14
Adjusted IMT ratio (95% Cl) Adjusted IMT ratio (95% Cl)
(C) Obesity No obesity Obesity
Gene SNP?
ICAIMT EDNRA  rs5333' —e— 0.92 (0.86, 0.99)* —e——  1.02(0.95, 1.1)
I T 1 T T T 1 I T T T T 1
08 09 10 11 12 13 14 08 09 10 11 12 13 14

Adjusted IMT ratio (95% Cl)

Adjusted IMT ratio (95% Cl)

Fig. 1 - Stratified analysis by gender (A), exercise (B), and obesity (C) for significant interaction of EDNRA rs1395821, rs1878406,
and rs5333, as well as EDN1 rs1800541, and rs5370 with gender, exercise, and obesity on CCA, bulb, and ICA IMTs are shown.
The adjusted mean ratios were obtained from the models with consideration of SNP, age, gender, obesity, smoking, alcohol
drinking, and betel nut chewing. *P < 0.05. r: recessive model; d: dominant model.

To explore the significant interactions identified above, we
estimated the adjusted mean ratio in carotid IMT measurements
for either EDNRA or EDN1 minor—major/minor—minor geno-
types in comparison with the major—major genotype stratified by
gender, regular exercise, and obesity (Figure 1). For gene-gender
interaction on CCA IMT, the adjusted mean for men carrying
the GA/GG genotype of EDNRASNP rs1878406 was 1.18 times
higher than that for men carrying the AA genotype (95% CI: 1.01,
1.37). On the other hand, we did not observe significant effects
for ENDRA SNP rs1878406 in women. As for bulb and ICA IMT,
the adjusted mean values for women carrying the AC/AA geno-
type of EDN1 rs5370 was lower than those carrying the CC geno-
type (0.89, [0.82, 0.98]; and 0.9 [0.83, 0.99], respectively). But
the effects of EDN1 rs5370 on bulb and ICA IMT were not signif-
icant in men (Figure 1A). For gene-exercise interaction, we ob-
served that individuals carrying the GA/GG genotype of EDNRA
SNP rs1395821 had higher mean values of bulb IMT than those
carrying the AA genotype among individuals who did not regular
exercise. Whereas individuals carrying the GA/GG genotype of
EDNRA SNP rs5333 had higher mean values of bulb IMT than
those carrying the AA genotype among the subjects who did not
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regularly exercise. On the other hand, we did not observe signifi-
cant effects of EDNRA SNPs rs1395821 and rs5333 in individu-
als who regularly exercised (Figure 1B). A significantly lower
adjusted mean in CCA IMT for non-obese individuals carrying
EDNRA SNP rs5333 was observed (0.92 [0.86, 0.99]) compared
with non-obese individuals carrying the AA genotype (Figure
1C). In contrast, it was found that EDNRA SNP rs5333 had no
no effect on CCA IMT in obese individuals.

5. Discussion

ET-1 is a potent vasoconstrictor in the body and is involved with
the biology of the vascular endothelium. In the present study, we
examined the evidence for gene-gender, gene-exercise, and gene-
obesity interaction between the two SNPs in the EDNI gene and
three SNPs in the EDNRA gene in relation to carotid IMT in Han
Chinese subjects of Taiwan. We found gender, regular exercise,
and obesity significantly interacted with SNPs in the EDNRA
gene, and gender interacted with SNPs in the EDN1 gene to influ-
ence carotid IMTs in the Han Chinese participants of the TCHS
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study. Stratified analysis indicated that EDNRA SNP rs1878406
was associated with CCA IMT in male participants, while EDN1
SNP rs5333 was associated with bulb and ICA IMT in women.
For EDNRA SNP rs1878406, the minor allele (A) was associated
with higher CCA IMT levels in men whereas the minor allele (G)
of EDN1 SNP rs5333 was associated with lower bulb and ICA
IMT levels in women. Furthermore, the minor allele (G) of EDNRA
SNP rs5333 decreased bulb and CCA IMT levels in individuals
without regular exercise or obesity whereas the minor allele (G)
of EDNRA SNP rs1395821 increased bulb IMT level in indi-
viduals without regular exercise. These findings could provide
valuable information towards delineating the genetic mechanisms
underlying carotid IMTs.

Previous epidemiological genetic studies of ET-1 have prin-
cipally focused on hypertensive properties [17-19, 30], as have
genetic studies of EDNRA [31]. Few studies thus far have ex-
plored their associations with IMT [26, 27, 30, 32]. One prior
study explored the interaction of smoking with SNP rs6841473
in EDNRA on left carotid IMT in Africa Americans. The minor
allele (T) of rs6841473 increased the left carotid IMT level in
non-smoking Africa Americans, but had little effect in black
smokers [26]. Another study examined the association between
mean carotid intima media thickness and EDN1 SNP rs5370 in a
general population sample of Western Australia and they found
the minor allele was marginally associated with increased mean
IMT levels [30]. Another study explored the potential relationship
between EDNRA 151878406 polymorphisms and carotid IMT in
patients with rheumatoid arthritis, and no statistically significant
differences were found when this polymorphism was assessed
according to carotid IMT values [27]. A study conducted in
Japanese patients with essential hypertension investigated the
relationship between 11 SNPs of ET-1 family genes (including
three in EDN1, one in EDNRA) and atherosclerotic changes and
found a significant correlation between mean carotid IMT and
EDNRATrs5333 in male, but not female, hypertensive patients
[32]. In the present study, we did not observe main effects of
rs1395821, rs1878406, and rs5333 of the EDNRA gene, and
rs1800541, and rs5370 of the EDNI1 gene on carotid IMT levels.
Instead, we identified a significant interaction of gender with
these three SNPs in the EDNRA gene and with these two SNPs
in the EDNI1 gene, regular exercise with rs1395821 and rs5333 in
the EDNRA gene, and obesity with rs5333 in the EDNRA gene
in Han Chinese subjects. When we stratified our study sample
by gender, we observed no significant evidence for associations
between some SNPs and carotid IMT in each of the two strata due
to a limited sample size in each stratum.

EDNRA encodes the receptor for ET-1, which plays an im-
portant role in potent and long-lasting vasoconstriction [26, 33].
Endothelium dysfunction is accompanied in atherosclerosis [26,
33]. Previous bench research found that endothelin receptor an-
tagonists are effective in attenuating vascular abnormality in ath-
erosclerosis [26, 33]. As for EDNI, it encodes preproendothelin
that is processed to form endothelin 1, a potent vasoconstrictor.
SNP rs1800541 is located in the EDNI1 promoter region with
potential regulatory effects on gene expression and rs5370 is one
common non-synonymous SNP that is located in the CT-pro-
ET-1 part of the ET-1 coding gene. Previous studies have reported
135370 to be associated with idiopathic pulmonary arterial hyper-
tension [34] and risk for hypertension [10]. The potential physi-
ological functions of these two genes, along with the significant
associations in our study and the previous studies [26, 30], impli-
cate them as strong candidate genes for atherosclerosis. Never-
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theless, future functional studies in humans may be necessary.

One limitation of the present study is that the sample size of
our study was relatively small, particularly in the evaluation of
gene-gender interactions. Therefore, we may have missed impor-
tant polymorphisms that are associated with carotid IMT due to a
low statistical power for stratified analysis. Future studies with a
larger number of participants are needed.

Our study had important strengths. First, we assessed for the
first time the potential association between the 5 polymorphisms
in EDNRA and EDN1 genes and subclinical atherosclerosis as
well as the interactions between these 5 variants with gender,
regular exercise, and obesity in Han Chinese. Second, our study
subjects were from a representative sample of Taiwan’s Chinese
population. Therefore, the generalization of our results to other
Han Chinese populations is applicable. Third, the measurement of
both carotid IMT and genotypes had stringent quality controls.

In conclusion, the current study identified three variants
(rs1395821, rs1878406, rs5333) in the EDNRA gene and two
variants (rs1800541 and rs5370) in the EDN1 gene that inter-
acted with gender; two in the EDNRA gene (rs1395821 and
rs5333) interacted with regular exercise; and one in the EDNRA
gene (rs5333) interacted with obesity on carotid IMT in Han Chi-
nese participants from the TCHS. These findings help delineate
the genomic mechanisms underlying carotid IMT. Still, further
studies will be necessary to genotype other important variants
underlying the EDNRA and EDNI1 signals, and to elucidate the
mechanisms with which gender, regular exercise, and obesity
modify the effects of these polymorphisms on carotid IMT in Han
Chinese.
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Brucellosis is a bacterial zoonotic disease which can be easy to misdiagnose in clinical microbiology labora-
tories. In the present study, we have tried to improve the current clinical method for detecting Brucella spp.
and its antibiotic characteristics. Our method begins with detecting the clinical isolate through traditional
biochemical methods and automatic identification systems. Then, we move on to editing the sequence for
BLAST allows us to compare 16s »RNA sequences with sequences from other species, allowing the gene
level to be determined. Next, the phylogenetic analysis of multiple genetic loci is able to determine the evo-
lutionary relationships between our bacteria strain and those from other locations. Finally, an anti-microbial
susceptibility test hones in on the level of antibacterial activity that the bacteria displays. Employing these
four steps in concert is extremely effective in identifying rare bacteria. Thus, when attempting to determine
the identity of rare bacteria such as Brucella, utilizing these four steps from our research should be highly
effective and ultimately prevent further identification errors and misdiagnoses. The standards we have sug-
gested to identify rare bacteria strains is applicable not only to Brucella, but also to other rarely encountered

bacteria.

1. Introduction

Brucellosis is one of the most common zoonotic diseases, with
more than 500,000 new cases yearly. Its prevalence is more than
10/100,000 population in some endemic areas such as France, Is-
rael, and most of Latin America, the Middle East, northern Africa,
and central Asia [1, 2]. The disease is transmitted by consump-
tion of unpasteurized dairy products or by occupational contact
with infected animals. In the past 15 years, the epidemiology of
human brucellosis has increasingly evolved through tourism and
cases of animal brucellosis [2]. Furthermore, infected objects are
the most common cause of laboratory-transmitted infections in
laboratory workers [3, 4]. Brucella spp. has been classified in the
high risk group of pathogens [5].

Since Brucella spp are intracellular bacteria, relapse is often
seen [6-9]. The features of Brucella spp include being a faculta-

tive intracellular pathogen, lacking capsules, flagellates, en-
dosperms or native plasmids, and being slow growing and small
(0.5-0.7 x 0.6-1.5 pm) gram-negative coccobacilli (GNCB).
Brucellosis usually causes systemic diseases in the osteoarticular,
hematological, hepatobiliary, gastrointestinal, cardiovascular, and
central nervous systems [10]. Common clinical symptoms of bru-
cellosis are characterized by high fever, myalgia, and arthralgia of
the large joints. Apart from these main symptoms, brucellosis can
also mimic various multisystem diseases by exhibiting wide clini-
cal polymorphism and nonspecific symptoms, which frequently
lead to misdiagnosis and treatment delay [11, 12]. Brucellosis
may be difficult to diagnose because of its wide clinical polymor-
phism. Previous identification experiences have had problems
with errors. Laboratories had been report some cases of Brucella
initially misdiagnosed by automatic identification systems before.
These errors can lead to misdiagnosis, delayed treatment, and ul-
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timately, the infection of even more individuals [11-14].

Since 1980, Taiwan has been free of this disease after an
eradication program was implemented [15-17]. However, in 2011
a few cases were reported. These cases were traced back to North
Africa and Malaysia [16-18]. They indicate that the pathogen can
still pose a threat to public health in Taiwan despite previously
being eradicated. There are worries that the overall capacity of
Taiwanese physicians may be lacking due to inexperience in iden-
tification of the bacteria and subsequent misdiagnoses in clinical
microbiology laboratories.

Therefore, the aim of this report is to share our experiences, to
culture and identify the findings of this rare pathogen in Taiwan,
and to compare the phylogenetic relevance of our genetic se-
quence with other epidemic strains in the geographical areas men-
tioned above. This research will aid in refining our understanding
about the source of pathogens, thus allowing clinical microbiol-
ogy laboratory workers to pay more attention to the identification
and diagnosis of the rare Brucella spp. [19].

2. Materials and methods

In this study, we detected the clinical isolate by utilizing tradi-
tional biochemical methods and automatic identification systems
which include the BD Phoenix system and API 20E and 32 GN
identification kits. Furthermore, we used the 16s rRNA sequences
method for determining gene level. We performed an antibiotic
sensitivity test. In addition, we also carried out phylogenetic
analysis. By analyzing our strain of bacteria and comparing it
with those from other geographical areas, we were able to deter-
mine the evolutionary relationship between the strain from Taiwan
and other areas’ strains.

2.1. Collection and identification of bacteria isolate

The conventional biochemical tests used included Oxidase-posi-
tive, urease-positive, H,S production, dye tolerance such as basic
fuchsin and thionin and sero-agglutination tests. We routinely
employed the BD Phoenix NMIC/ID-2 commercial kit (Becton
Dickinson diagnostic System, Sparkes, MD, USA). Inoculation
was performed according to the manufacturer’s instructions. The
API 20E and 32 GN systems (Biomerieux SA, Marcy 1’Etoile,
France) were also used to identify the strain. Inoculation, read-
ing, and interpretation of panels were performed according to the
manufacturer’s instructions [20].

2.2. 16S ribosomal RNA gene sequencing

Sampling and sample preparation: The bacteria from positive
blood culture specimens of the patient were plated on Trypticase
soy agar with 5% defibrinated sheep blood (BBL Microbiology
Systems, Cockeysville, Md.) and incubated aerobically for 2 days
at 37°C. Several visible colonies were selected and suspended in
600 pl TE buffer and adjusted to MacFaland 3.0 cell density for
nucleic acid extraction.

Nucleic acid extraction: DNA was extracted from fluid samples
(600 pl) using the Genomic DNA Mini Kit (Geneaid, Taiwan).
The appropriate protocols were followed according to the manu-
facturer’s instructions; with a final elution volume of 50 uL. Ex-
tracted DNA was stored at 4°C until required for PCR.

Amplification of 16s »RNA genes: The 16s ¥YRNA gene from
the microorganisms was amplified by PCR. A primer pair con-
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sisting of 8f (5’-GAGAGTTTGATCCTGGCTCAG-3’) and 1492r
(5’-TACGGCTACCTTGTTACGACT-3") [21, 22] was used to
amplify nearly 1500-bp fragments of the 16s YRNA genes. The
samples were amplified in the following PCR mixture: 10 umol
of each primer in a 2X buffer containing 4 mM MgCl,, 0.4 mM of
each deoxynucleoside triphosphate, 0.05 U 7ag DNA polymerase,
and 40 mM (NH,),SO, (Ampligon, Skovlunde, Denmark) in a
final volume of 50 uL. The following temperature cycles were
used: 94°C for 5 min, 30 cycles of 94°C for 1 min, 55°C for 1
min, and 72°C for 1 min and 30 s, and a final extension at 72°C
for 7 min. All reactions were conducted in a GeneAmp 9700
thermocycler (Applied Biosystems, Foster City, Calif.).

16s rRNA gene sequencing and alignment: Sequencing prim-
ers were chosen from a pair of previously described oligonucle-
otides, 8f and 1492r. Sequencing was performed with a 3730xl1
DNA Analyzer (Applied Biosystems, Foster City, Calif.). Se-
quences were aligned using the BioEdit suite of programs (www.
mbio.ncsu.edu/BioEdit/bioedit.html), and the identity was evalu-
ated by checking against existing sequences using BLAST (http://
www.ncbi.nlm.nih.gov/BLAST). Sequencing of the 16s *rRNA
gene fragments showed a clear division of sequences into Brucella
melitensis [22-24].

2.3. The multiple genetic loci for phylogenetic relationship
identification

A previous study already successfully determined the sequences
of multiple genetic loci in order to examine the relationships be-
tween Brucella isolates [25]. In order to further identify the ge-
netic relationship among Brucella strains in this study and others
strains in the GenBank, we extracted the Brucella DNA and am-
plified multiple genetic loci of the isolate, including aroA, gIK,
danK, and gyrB partial gene fragments (Table 1) for phylogenetic
analysis [25].

2.4. Polymerase chain reactions (PCRs) and sequencing

Four distinct genome fragments were amplified by PCR using
the primers shown in Table 1. PCR reaction mixes were prepared
for each sample by mixing 10 pmol of each primer in a 2X buf-
fer containing 4 mM MgCl,, 0.4 mM of each deoxynucleoside
triphosphate, 0.05 U Taq DNA polymerase, and 40 mM (NH,),SO,
(Ampliqon, Skovlunde, Denmark) in a final volume of 30 pL.
Cycling parameters were as follows: 94°C for 5 min. followed by
30 cycles of 94°C for 1 min., 53°C for 1 min. and 72°C for 1 min.,
and a final polishing step of 72°C for 10 min. Products were
separated by agarose gel electrophoresis to check for efficiency
of amplification and to ensure that only a single product of the
expected size was present. The DNA products were sequenced
by using a GeneAmp 9700 thermocycler (Applied Biosystems,
Foster City, Calif.).

2.5. Phylogenetic anlaysis

The aroA, glK, dank and gyrB gene partial segments sequence
data were edited using Bioedit for alignment, and then these data
were combined with each other and before undergoing phyloge-
netic analysis. Sequences of the four loci were concatenated to
produce a 1675 bp sequence for each genotype sequence. Phylo-
genetic analysis was performed with the MEGA software, Version
3.1. The neighbor joining tree was constructed with the concate-
nated sequence data of the four loci (1,675 bp) using the neighbor
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Table 1 — Oligonucleotide sequences used for the amplification and sequencing of four genetic loci.

Locus Function Primer sequences Length (bp)
aroA 3-phosphoshikimate 5’ GACCATCGACGTGCCGGG 3’ 565
1-carboxyvinyltransferase 5 YCATCAKGCCCATGAATTC 3’
glKk glucokinase 5’ TATGGAAMAGATCGGCGG 3’ 475
5’ GGGCCTTGTCCTCGAAGG 3’
dank, chaperone protein 5’ CGTCTGGTCGAATATCTGG 3’ 470
5’ GCGTTTCAATGCCGAGCGA 3’
avrB DNA gyrase B subunit 5" ATGATTTCATCCGATCAGGT 3’ 469

5’ CTGTGCCGTTGCATTGTC 3°

joining approach. The Jukes-Cantor model, which is based on the
assumption that all nucleotide substitutions are equally likely, was
used to determine genetic distances. The percentage bootstrap
confidence levels of internal branches were calculated from 1,000
resamplings of the original data.

2.6. Antimicrobial susceptibility test of Brucella isolate from
clinical specimens

The antibiotic susceptibility test applied the paper disc diffusion
method and the minimal inhibition concentration test; MIC. Tige-
cycline (TGC) MICs were determined by the E test (Biomerieux,
Sweden). Mueller-Hinton agar supplemented with 5% sheep’s
blood agar plate (Oxoid, UK) was inoculated with bacterial sus-
pensions with a equivalent to a 0.5 McFarland turbidityand was
interpreted 2 days after incubation in ambient air. The suscepti-
bility testing of tetracycline (Te) (30 pg/ml), streptomycin (STR)
(300, 10 pg/ml), rifampin (RIF) (5 pg/ml), and trimethoprim-sul-
famethoxazole (TMP-SMZ) (1.25/23.75 pg/ml) was determined
by disk diffusion method. Mueller-Hinton agar supplemented
with 5% sheep’s blood was inoculated with suspensions of bac-
teria with equivalent 0.5 McFarland turbidity and was interpreted
48 h after incubation in ambient air.

3. Results
3.1. Conventional identification

The gram- negative coccobacilli on the BAP plate are batter
growth and appeared small and white. The glossy quality of the
batter growth suggests that the gram-negative coccobacilli were of
the smooth-quality type. The size of the bacteria was about 0.5-0.8
pm X 0.6-1.5 um. There were no colonies growing on the EMB
plate. The conventional biochemical tests showed a positive
reaction that included the catalase, oxidase, and urease. Auto-
mated instruments and the API system (32 GN and 20 E) were
employed to identify the bacteria. The results presented two spe-
cies, Ochrobactrum antropi and Myrodes spp., respectively. The
Phoenix instrument gave an Ochrobactrum antropi result, and the
species was identified with 90% confidence. The API 20E identi-
fication was analyzed, and then code number 0210004 presented
Myroides / Chryseobacterium indologenes (% id: 47.4, T = 0.92),
Bordetella / Alcaligenes / Moraxella spp. (% id: 25.7, T = 0.87)
and Ochrobactrum antropi (% id: 21.7, T = 0.82). The API 32
GN identification code number 00000000002 was Myroides spp.
(% 1d: 90.0, T = 1.00).
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3.2. 16S ribosomal RNA gene sequencing

The 16s rRNA gene sequences were aligned by the BioEdit pro-
gram and BLAST. A 99% similarity between Brucella melitensis
and Brucella ovis was discovered. The 16s rRNA gene sequence
illustrated a homology between these two species. We further con-
ducted phylogenetic analysis from multiple genetic loci in order
to examine the relationships between Brucella isolates.

3.3. The phylogenetic relationships with other Brucella

To recognize the phylogenetic relationships of this Brucella
strain, sequences of the four loci were concatenated to produce a
1675 bp sequence. The multiple genetic loci that were analyzed
included arod, glK, dank and gyrB partial gene fragments. The
reference sequences with whole genomes came from the Gen-
Bank. The topology of the phylogenetic reference tree from the
four loci was similar to the tree from the whole genome. The
percentage bootstrap confidence levels of internal branches were
calculated from 1,000 re-samplings of the original data. After
comparison with the brucellosis in the Genbank as reference se-
quences, the bacterial strain in this study was clustered with the
Brucella melitensis strains in a significantly monophyletic branch
of the neighboring joining tree. The branch lengths represent the
genetic variation between Taiwan Brucella melitensis and strains
from other geographic areas.

3.4. Antimicrobial susceptibility test

In the tigecycline MICs, results were determined by the E test
with turbidity between 0.5, 0.75, and 1.0 McFarland, but the re-
sults appeared all the same as 0.094 pg/ml (Figure 1). The inhibi-
tory zone size of tetracycline (Te), streptomycin (STR), rifampin
(RIF) and trimethoprim-sulfamethoxazole (TMP-SMZ) are shown
in Table 2.

4. Discussion

Brucellosis has become a rare disease in developed and develop-
ing countries. As the infectious dose is very low, infections are
an occupational risk for farmers, veterinarians, abattoir workers,
laboratory personnel, and others who work with animals and con-
sume their products [18, 26]. The increase in business and leisure
travel to brucellosis-endemic countries has led to the importation
of the disease into non-endemic areas [26]. Two problems arise
from this importation. First, clinicians in non-endemic areas often
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Fig. 1 - Tigecycline MICs results were determined by the E test.

have insufficient experience with brucellosis and have difficult
making the correct diagnosis. Second, there could be failures in
notifying laboratories, and brucellosis bacteria could be misiden-
tified by using commercial automatic diagnosis system. These
two problems are serious enough to deserve special attention in
Taiwanese clinical microbiology laboratories [27].

The “gold standard” in the diagnosis of brucellosis is bacterial
isolation, which requires long cultivation periods and is often
unsuccessful. Because of this, we back-tracked the identification
process and found that Brucella spp. is not included regularly in
the database of automatic identification systems. The results of
our tests presented Ochrobactrum antropi and Myroides | Chry-
seobacterium indologenesthe, respectively, and were given by
two identification systems, the Phoenix and the API 20E systems.
The confirmed rates were untrustworthy [9, 12, 13]. Whereas
Brucella spp. are classified as highly pathogenic biosafety level
3 agents, only two species of the genus Ochrobactrum (O. anthropi
and O. intermedium) have been associated with opportunistic im-
munocompromised human disease [28]. It can be seen that errors
in identification of Brucella spp. may not only affect physicians’
treatments, they may also affect the safety of laboratory person-
nel.

Ochrobactrum represent a distinct genus distantly related
to Achromobacter but phylogenetically closely related to the
rRNA superfamily IV of the Alphaproteobacteria—in particular,
to Brucella and Phyllobacterium [9]. The close relationship to
Brucella was emphasized in 1998 by Velasco et al. [29]. This
close relationship has led to misidentification of Brucella meliten-
sis as Ochrobactrum anthropi in the past. In previous research,
the 16s rRNA sequences of Brucella spp. and O. intermedium
were found to be 98.6% identical [29]. Like the previous research
group report [14], our study also had a similar misclassification
experience with Brucella spp. in our automatic identification and
16s nucleotides blast. The result of our 16s YrRNA BLAST illus-
trated a homology between Brucella melitensis and Brucela ovis.

Results that are not accurate have the very real potential of
misleading the examiner(s) of these bacteria. One could poten-
tially send the wrong bacteria culture report and cause clinicians
to misdiagnose [12, 13]. There is currently a growing trend in
errors due to the increasing utilization of automated equipment
for microbial identification. Limitations in the instruments’ data-
bases and inability to distinguish similar phenotype strains mean
laboratory staff must sometimes use traditional options such as
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Table 2 — Susceptibility testing results were

determined via disk diffusion method.

Antibiotics Concentration  Inhibitory zone
(ug/ml) (mm)
Tetracycline 30 28
Streptomycin 10 30
300 40
Rifampin 5 21
Trimethoprim-sulfamethoxazole 1.25/23.75 22

characterizing bacterial colonies and examining staining patterns
as well as biochemical reactions to determine what bacteria are
in a given sample. However, a clinical microbiology laboratory
can also think ahead and identify bacteria and bacterial genotypes
using molecular biological techniques. 16s ¥RNA analysis methods
and phylogenetic analysis can provide more accurate reports in
order to make up for the inability of automated systems to distin-
guish between closely related bacterial strains.

Ever since the early microbiological work performed by
Wilson (30), researchers have been developing increasingly so-
phisticated methods of classifying Brucella species. However,
despite technical advances in genotyping, the methods we have
chosen have been able to roughly generate the same evolutionary
relationships as those seen in whole genome phylogenies, espe-
cially in clinical approaches with a short time-span. Multilocus
sequence typing trees in our study of Brucella roughly approxi-
mate the whole-genome phylogeny but use only four housekeep-
ing genes. Although each approach to genotyping has its value,
particularly when low-cost genotyping is the goal, only whole-
genome sequencing can capture the full extent of genetic varia-
tion. Furthermore, only whole-genome phylogenies allow us to
gauge the accuracy of previous genetic methods. Understanding
the evolutionary framework of the genus Brucella is essential for
designing assays that differentiate the various strains or biovars,
and only by rooting our phylogeny can we understand the direc-
tionality of the evolutionary process. A future study might pursue
a strategy for tracing the relationship between strains of Brucella
in Taiwan, China or other neighboring countries.

The CLSI-M100-S20 specification standards of susceptibility
of Brucella spp. illustrated streptomycin =8 pg/ml, tetracyclin
=1 pg/ml, doxycycline =1 pug/ml, gentamicin =4 pg/ml,
trimethoprim-sulfamethoxazole (SXT) =2/38 pg/ml. When we
manipulated the antibiotic sensitivity test, we found that when
bacterial growth is slow and the colonies are small, they cannot
take advantage of automated identification systems to perform the
MIC test. The interpretation of inhibition zone size does not fol-
low the CLSI standards. The same scenario is found in a previous
report [11, 12]. Resistance to Brucella is not common, but re-
search has pointed out that minimum inhibitory concentration of
ceftriaxone and streptomycin (MIC) has been on the rise [7]. In-
termediate rifampin susceptibility strains also have become wide-
spread [8]. Kuwait and Mexico have found a good bacteriostatic
effect that includes tetracycline, amikacin, gentamicin [11, 12],
streptomycin and ciprofloxac for Brucella spp. However, rifampin
and trimethoprim-sulfamethoxazole’s (SXT) antibacterial effects
have been decreasing. The anti-microbial susceptibility test used
in previous studies [15, 17] was the disk diffusion method. But the
disk diffusion method is an atypical anti-microbial susceptibility
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Fig. 2 - The Neighbour joining tree was constructed with the concatenated sequence data of the four loci (1,675 bp) using the
neighbour joining approach. The percentage bootstrap confidence levels of internal branches were calculated from 1,000 re-
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test, meaning it is nearly impossible to interpret the results. In
our interpretation, we have followed the standard that =16 mm
indicates low anti-Brucella activity and >16 mm is evidence of
good anti-Brucella activity.

Contrary to cases of brucellosis previously discovered in
Taiwan, our report may be the first to suspect cases of local infec-
tion. A review of brucellosis infection cases in Taiwan found that
the first cases of infection of B. abortus occurred in 1978 when
university veterinary students came into contact with infected
cattle. Later in 1994, a report from 1980-1981 tracked and col-
lected all contacts with infected cattle or other animals by vet-
erinarians, laboratory workers, and farmers, and analyzed if they
had been infected with B. abortus. Results showed about a 42.1%
sero-positive reaction. But these results were never confirmed as
being from outside or local cases [22]. However, in 2011 Taiwan
also had four cases confirmed from outside the country [23]. In
Taiwan it is still possible to become infected by touching infected
animals such as deer. The main clinical signs of human Brucel-
losis are often nonspecific clinical manifestations. Clinicians
in Taiwan may easily overlook the possibility of a Brucellosis
infection. From this study, our aim is to increase the awareness
of laboratory staff as well as aid physicians in their clinical and
diagnostic abilities. In addition, we hope to raise awareness about
the process of identifying bacteria in clinical microbiology labo-
ratories.

5. Conclusion

This is the first study to provide both an improved genotype and
phenotype analysis of Taiwan Brucella infection in clinical works.
Through our research, we built a standard method of four steps
for detecting the Brucella spp. and its antibiotic characteristics.
We have worked to improve the standards by which we identify
rare bacteria strains, and to make them applicable not only to
Brucella, but also to other rarely-encountered bacteria. Our stan-
dard method begins with detecting the clinical isolate through
traditional biochemical methods and automatic identification
systems. The second step is the editing sequence for BLAST
that allows one to compare 16s *RNA sequences with sequences
from other species, allowing the gene level to be determined. In
the third step, a phylogenetic analysis of multiple genetic loci is
able to determine evolutionary relationships between our bacteria
strain and those from other locations. Finally, an anti-microbial
sensitivity test hones in on the level of antibacterial activity that
the bacteria displays. Employing these four steps in concert is ex-
tremely effective in identifying rare bacteria. Thus, when attempt-
ing to determine the identity of rare bacteria such as Brucella,
utilizing these four steps from our research will be highly effec-
tive and will hopefully ultimately prevent further identification
errors and misdiagnoses.
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ABSTRACT

Background: Wilson’s disease (WD) is a genetic disorder involving the metabolism of copper. WD patients
exhibit a wide range of disease phenotypes, including Kayser-Fleischer rings in the cornea, predominant
progressive hepatic disease, neurological diseases, and/or psychiatric illnesses, among others. Patients with
exonl2 mutations of the ATP7B gene have progressive hepatic disease. An ATP7B gene that lacks exon12
retains 80% of its copper transport activities, suggesting that alternative splicing of ATP7B gene may pro-
vide alternative therapeutic ways for patients with inherited sequence variants and mutations of this gene.
Purpose: We aimed to search for possible Chinese herbs and related compounds for modulating ATP7B pre-
mRNA splicing.

Methods: We used an ATP7B exonl1-12-13 mini-gene vector as a model and screened 18 Chinese herbal
extracts and four compounds from Schizonepeta to determine their effects on ATP7B pre-mRNA splicing in
vitro.

Results: We found that Schizonepeta demonstrated the greatest potential for alternative splicing activity.
Specifically, we found that p-coumaric acid from this herb enhanced A7P7B exonl2 exclusion through the
down-regulation of heterogeneous ribonucleoprotein (hnRNP) A1 protein expressions.

Conclusion: These results suggest that there are herbs or herb-related compounds that could modify the al-
ternative splicing of the ATP7B gene via a mechanism that regulates pre-mRNA splicing.

1. Introduction

tion, these phenotypes can present as early as 3 years of age up to
as late as the seventh decade of a person’s life. The clinical treat-

Wilson’s disease (WD; MIM number: 277900) is a genetic disor-
der involving the metabolism of copper [1, 2]. The incidence of
the disease is approximately 1 in 30,000 worldwide. It is charac-
terized by copper accumulations, particularly in the liver, kidney,
brain, and cornea, resulting from the impairment of the incorpora-
tion of copper into ceruloplasmin, with the subsequent excretion
of copper through the bile. Patients with WD exhibit a wide
range of disease phenotypes, including Kayser-Fleischer rings in
the cornea, predominant progressive hepatic disease, neurological
diseases, and/or psychiatric illnesses, among others [3]. In addi-

ment for WD is copper-chelating agents for the removal of excess
copper [4, 5].

The gene responsible for WD is the ATPase Cu++ transporting
beta polypeptide (ATP7B, MIM number: 606882). ATP7B en-
codes a copper transporting P-type ATPase, a protein of approxi-
mately 160 kDa that contains eight membrane-spanning domains,
an ATPase consensus sequence, a hinge domain, a phosphoryla-
tion domain, and six copper-binding domains [6]. Over 300
sequence variants and mutations have been identified and col-
lected in the WD Mutation Database to date [1]. We previously
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observed that predominant mutation hotspots are located in exons
8 and 12 In Taiwanese WD patients [7]. Mutations (Arg919Gly,
Thr935Met, Gly943Asp, and 2810delT) in the Transmembrane 6
region (exonl2) accounted for 9.62% of all mutations observed in
Taiwanese WD patients. These patients with exon12 mutations
have progressive hepatic disease [3]. Functional characterization
of ATP7B showed that variants lacking exonl2 retained 80% of
their copper transport activities [7], suggesting that the alternative
splicing of ATP7B gene may provide alternative therapeutic ways
for patients with inherited sequence variants and mutations of this
gene.

Alternative splicing of mRNA precursors requires specific
sequences and splicing factors. Exons frequently contain posi-
tive elements known as exonic splicing enhancers (ESEs), which
are most often recognized by the serine/arginine-rich family of
splicing factors (SR proteins) [8]. Furthermore, exons may also
contain splicing silencer elements (ESSs), which are recognized
by heterogeneous ribonucleoproteins (hnRNPs) [9]. The presence
of ESEs and/or ESSs along with splicing factors regulates alter-
native splicing. One example of a disease model for alternative
splicing that is modulated by SR and hnRNP proteins is spinal
muscular atrophy (SMA) disease [10, 11]. This screening model,
which prevents exon7 exclusion in the SMN2 gene, has been
widely used, and several pharmacological compounds have been
investigated for their splicing correction abilities in order to main-
tain the full length of SMN2 proteins for therapeutic strategies of
SMA disease [12-14].

In the present study, we screened 18 Chinese herbal extracts
and four compounds from Schizonepeta to determine their ef-
fects on ATP7B pre-mRNA splicing in vitro. We used an ATP7B
exonll-12-13 mini-gene vector as a model to search for the
Chinese herb candidates that modulated alternative ATP7B pre-
mRNA splicing. This model was based on an ATP7B exonl1-
12-13 mini-gene and its alternative splicing products [7]. The
mini-gene contains three exons and two introns and produces two
major alternatively spliced isoforms when expressed in cells. The
inclusion form (+ex12) of exonl2 produces ATP7B mRNA for
activating copper-transporting P-type adenosine triphosphatase
(ATPase) activities. The exclusion form (-ex12) lacks exonl2 of
the mini-gene and results in reduced copper transporting ATPase
activity, but retains 80% of its biological activities [7]. Exonl2
exclusion represents an interesting target due to the mutation hot
spots in these regions in Taiwanese WD patients [7, 15]. These
patients with exonl2 mutations have progressive hepatic disease
[3]. In addition, an alternative splice variant of ATP7B lack-
ing exonl2 was observed in one patient who had a homozygous
2810delT mutation (located in exonl2), and showed very mild
clinical symptoms [7]. Therefore, it would be useful to identify
possible candidate herbs or herb-related compounds that could
modify alternative splicing patterns of the ATP7B gene. This
strategy would be of benefit for alternative splicing therapy for
the hundreds of different mutations associated with WD.

2. Materials and methods

2.1. Plasmids

The ATP7B exonl1-12-13 mini-gene plasmid has been described
previously [7] (Fig. 1A). Briefly, the ATP7B (from exonll to

exonl3, total 4.5 kb) mini-gene construct was polymerase chain
reaction (PCR)-amplified from control genomic DNA by using
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the forward primer (5 - GTGAGATGGCTTGTTTCATGT-3) and
the reverse primer (5 - AACCCAGTGCAGGGCTCACAC-3).
The PCR-amplified fragment was cloned into a pcDNA™ 3.1
(Invitrogen) vector, and this fragment was verified by DNA se-
quencing.

2.2. Mammalian cell transfection

CHO-K1 cells were grown in a 6-well plate, and 2.5 ug of the
ATP7B exonll-12-13 mini-gene plasmid was transiently trans-
fected using Lipofectamine 2000 (Invitrogen). The transfected
cells were harvested using trypsin 24 h after transfection, and
RNAs were isolated using the RNeasy Mini Kit (QIAGEN).

2.3. cDNA synthesis and PCR

Total RNAs from the transfected cells were used for reverse-
transcription (RT)-PCR using M-MLV reverse transcriptase
(Invitrogen), according to manufacturer guidelines. One pL of
cDNA was amplified using the forward primer in exonll (5 -
GAGAAGCCATGCCAGTCACTA-3) and the reverse primer in
exonl3 (5 - CTTGTGCGCCATCTCCAGG -3). Band intensities
were quantified using ImageJ software.

2.4. Preparation of herbal extracts

Crude extract powders from 18 herbs (Fig. 1) used in traditional
Chinese medical practices were obtained from Timing Pharma-
ceutical, a good manufacturing process (GMP)-certified tradition-
al Chinese medicine manufacturer based in Taiwan. Briefly, each
fine herb powder was prepared by milling dry herbal plants with a
mechanical grinder and filtering it through a 20-mesh metal sieve,
followed by mixing 1.0 g of the powder with 40 mL of distilled
water. After boiling for 40 min, the mixture was filtered through
a 100-mesh metal sieve. The filtrate (crude water extract) was
sterilized using a 0.44 pum syringe filter.

2.5. Chemicals

Apigenin, luteolin, caffeic acid, and p-coumaric acid were pur-
chased from Sigma Chemical (St. Louis, MO, USA) (Fig. 2).
The chemical structures of these compounds are shown in Fig.
2A.

2.6. High-performance liquid chromatography with tandem
mass spectrometry (HPLC/MS/MS) analyses

HPLC was used to determine the relative abundances of api-
genin, luteolin, caffeic acid, and p-coumaric acid in Schizonepeta
extract. Chromatography was performed using a Finnigan Sur-
veyor™ HPLC system. HPLC analysis was performed on a 3 um
C18 column (Waters, Atlantis 2.1 mm i.d. x 100 mm). A guard
column (Waters, Atlantis , 2.1 mm i.d. x 10 mm) was used to pro-
long the HPLC column life. The two mobile phases were buffer A,
H,O (0.1% FA) and buffer B, ACN (0.1% FA). The flow rate was
0.20 mL/min. The gradient conditions were as follows: isocratic
elution (75% A) for 5 min, followed by an 8 min gradient to 70%
B and then a 12 min gradient to 95% B. Analyses generally lasted
for 25 min; an additional 10 min were required for column re-
equilibration. We used a Finnigan Surveyor™ autosampler fitted
with a 2 pL sample loop. HPLC and autosampler systems were
synchronized using Xcalibur software.
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Fig. 1 - ATP7B exonl2 exclusion pattern of Chinese herbal extracts: ATP7B exonl11-12-13 mini-gene vector. (A) Schematic
representations of A7P7B exon11-12-13 mini-gene vector and its two alternative splicing products. The ATP7B mini-gene vector
has three exons and two introns and produces two major alternatively spliced isoforms when expressed in cells. (B) RT-PCR
analysis of various types of Chinese herbal extracts or Amiloride on ATP7B exon11-12-13 mini-gene splicing. CHO-K1 cells
were transfected with the ATP7B exon11-12-13 mini-gene, held for 24 h, and then treated with various kinds of herbal extracts
(1 pg/mL) for another 24 h. Cells were harvested, total RNAs were extracted, and ATP7B splicing products were analyzed by
RT-PCR. Controls are cells transfected with the ATP7B exon 11-12-13 mini-gene vector without any herbs or drugs treatments.
Amiloride-treated cells were used for the inhibition of ex12 exclusion controls. (C) Ex12 exclusion ratio analysis of various
kinds of Chinese herbal extracts or Amiloride on ATP7B exon11-12-13 mini-gene splicing. Quantification was carried out using
SynGene Gene Tools. The ex12 exclusion ratio was expressed as: (PCR product (-ex12))/(PCR product (-ex12) + PCR product
(+ex12)). Data are expressed as ex12 exclusion ratios (Cell with medium only = 100%) from three independent experiments,
each performed in triplicate. (D) Putative ESS sites for hnRNP A1 protein binding.
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2.7. Antibodies and reagents CHO-K1 cells were added to media containing various chemicals

(50 uM) and incubated for 24 h at 37°C. Cells were harvested,
Anti-SRp20 (Abcam ab125124), anti-SRSF1 (Abcam ab38017, washed, and lysed in a lysis buffer (50 mM Tris-HCI [pH 7.5],
Taipei, Taiwan), and anti-hnRNP A1 (Abcam ab137780, Taipei, 150 mM NaCl, 5 mM EDTA, 1% Triton X-100, 0.1% sodium

Taiwan) antibodies were purchased from Abcam Taipei, Tai- dodecyl sulfate (SDS)) that was supplemented with a protease in-
wan. The anti-beta tubulin antibody was obtained from GeneTex hibitor cocktail (Roche). The lysates were resolved by 12% SDS-
(GeneTex GTX101279, Taipei, Taiwan). polyacrylamide gel electrophoresis (PAGE) and transferred to

polyvinylidene fluoride membranes (Millipore). The membrane
2.8. Western blot analysis was incubated with primary antibodies overnight at 4°C, and then
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Fig. 3 - ATP7B exonl2 exclusion pattern of compounds from Schizonepeta: ATP7B exonl11-12-13 mini-gene vector. (A) RT-
PCR analysis of various kinds of compounds on ATP7B exon11-12-13 mini-gene splicing. CHO-K1 cells were transfected with
the ATP7B exonl11-12-13 mini-gene vector, held for 24 h, and then treated with various kinds of compounds for another 24 h.
Cells were harvested, total RNAs were extracted, and ATP7B splicing products were analyzed by RT-PCR. Controls are cells
transfected with the ATP7B exon11-12-13 mini-gene vector without any compound treatment. Amiloride-treated cells were used
for the inhibition of ex12 exclusion controls. (B) Ex12 exclusion ratio analysis of various kinds of compounds or Amiloride on
ATP7B exon11-12-13 mini-gene splicing. Quantification was carried out using SynGene Gene Tools. The ex12 exclusion ratio
was expressed as: (PCR product (-ex12))/(PCR product (-ex12) + PCR product (+ex12)). Data are expressed as previously
described. (C) Western blot analysis of SRp20, SRSF1, and hnRNP A1 protein expression levels modulated by compounds
derived from Schizonepeta. CHO-K1 cells were respectively treated with apigenin, luteolin, caffeic acid, and p-coumaric acid
for 24 h at 37°C. Cells were harvested, washed, and lysed. The lysates were resolved by 12% SDS-PAGE and western blotting.
Briefly, the membrane was incubated with primary antibodies, and then incubated with alkaline phosphatase-conjugated
secondary antibodies (Sigma-Aldrich). Signals were visualized using chemiluminescence following the manufacturer’s protocol
(Chemicon).

incubated with alkaline phosphatase-conjugated secondary anti-
bodies (Sigma-Aldrich). Signals were visualized using chemilu-
minescence following the manufacturer’s protocol (Chemicon).

2.9. Short interfering RNAs (siRNAs)
siRNAs targeting transcripts for SRp20 (siSRp20: CCGAAGU-
GUGUGGGUUGCUAGAAAC; GUUUCUAGCAACCCACA-

CACUUCGQG), SRSF1 (siSRSF1: UGGUGUCGUGGAGUUU-
GUACGGAAA; UUUCCGUACAAACUCCACGACACCA),
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and HNRNP A1 (sihnRNP Al: GGTAGGCTGGCAGATACGT-
TCGTCA; TGACGAACGTATCTGCCAGCCTACC) were pur-
chased from Invitrogen, Taipei, Taiwan, as was the non-targeting
siRNA control (siNC).

2.10. siRNA transfection
CHO-KI1 cells (2 x 10°) were seeded in 24-well plates and cul-

tured for 24 h. siRNAs targeting SRp20 (NM_003017), SRSF1
(NM_006924.4), and hinRNP A1 (NM_031157.2) (Fig. 6A, B, and
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was expressed as previously described.

C) were transfected into CHO-K1 cells using Amaxa Nucleofec-
tion technology (Lonza) following the manufacturer’s recommen-
dations. Cells were then recovered and seeded in pre-warmed
24-well plates. After 24 h incubation, cells were used for ATP7B
exonl2 exclusion analysis (Fig. 4).

2.11. c¢DNA plasmid transfection

For cDNA plasmid transfection assays, CHO-K1 cells (2 x 10°)
were seeded in 24-well plates and cultured for 24 h. Cells were
transiently transfected with the wild-type expression plasmids,
pSRp20, pSRSF1, and phnRNP A1, or with the pcDNA3.0 ex-
pression plasmid as a mock control using Amaxa Nucleofection
technology (Lonza) following the manufacturer’s recommenda-
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tions. Cells were then recovered and seeded in pre-warmed 24-
well plates. After 24 h incubation, cells were used for ATP7B
exonl2 exclusion analysis (Fig. 5).

3. Results and discussion

CHO-K1 cells were transfected with the ATP7B exonl1-12-13
mini-gene. Twenty-four hours later, various kinds of herbal ex-
tracts (1 pg/mL) were added to the cells (Fig. 1). Cells were har-
vested, total RNAs were extracted, and ATP7B splicing products
were analyzed by RT-PCR. The molar ratio of each isoform was
analyzed using SynGene Gene Tools. Three of the Chinese herbs
evaluated exhibited the most significant splicing efficiency: over
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expressed as previously described.

120% compared to untreated cells. Among these three herbs,
cells treated with Schizonepeta tenuifolia Briq. exhibited the
most efficient exon12 exclusion activity at 124.1%. This result
suggests that the Chinese herbs Schizonepeta tenuifolia Briq.,
JYH GAN TASO TANG, and CHI BAO MEEI RAN DAN have
the ability to modulate alternative splicing through the enhance-
ment of exonl2 exclusion of the ATP7B gene (Fig. 1).

Among these three herbs, Schizonepeta tenuifolia Briq. is the
only herbal extract that originates from only one type of plant
resource. Derived from the dried aerial parts of Schizonepeta
tenuifolia Briq. (a member of the Labiatae family of plants), this
extract is widely used in Asian countries as an herbal constituent
included in treatments for the common cold with fever, ostitis
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media, skin inflammations, as well as anti-pruritic, anti-microbial,
and hemostatic activities [16, 17]. It is categorized as a surface-
relieving agent in modern Chinese Materia Medica guides. Sev-
eral studies have suggested that Schizonepeta tenuifolia Briq.
displays immunomodulatory, anti-inflammatory, and anti-oxidant
effects. This study is the first to show that the water extract of
Schizonepeta tenuifolia Briq. also exhibits the ability to modulate
alternative splicing via the enhancement of exonl2 exclusion of
the ATP7B gene.

Similar strategies have been widely used in treatments for
spinal muscular atrophy (SMA) disease. SMA is caused by the
deletion of or mutations in the SMNI gene but with the retention
of the SMN2 gene [18]. However, the SMN2 gene is unable to
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produce sufficient amounts of SMN proteins for the survival of
motor neurons. This is due to the fact that the SMN2 mRNA tran-
scripts lack exon7, which results in a defective SMN protein [19].
SMA treatment strategies targeting SMN2 have been proposed
[12]; however, unlike the WD strategy, the SMA strategy is aimed
at identifying compounds that can enhance the inclusion of exon7
in SMN2 [12].

Results from HPLC analyses indicated the presence of
apigenin, luteolin, caffeic acid, and p-coumaric acid in our
Schizonepeta water extract (Fig. 2). The HPLC-MS/MS analysis
results for four Schizonepeta-associated compounds are shown
in Fig. 2. HPLC-MS/MS for apigenin (23.6 min retention time),
luteolin (21.6 min retention time), cinnamic acid (18.7 min reten-
tion time), and p-coumaric acid (14.8 min retention time) from
Schizonepeta water extract are shown in Fig. 2C. Combined,
these results indicated the presence of apigenin, luteolin, caffeic
acid and p-coumaric acid in our Schizonepeta water extract.

In order to search for chemical compounds from Schizonepeta
that could modulate alternative ATP7B pre-mRNA splicing, CHO-
K1 cells transfected with the ATP7B exonl1-12-13 mini-gene
were treated with apigenin, luteolin, caffeic acid, and p-coumaric
acid, respectively (Fig. 3A and B). Cells were harvested, total
RNAs were extracted, and ATP7B splicing products were ana-
lyzed by RT-PCR. As shown, two compounds, caffeic acid and p-
coumaric acid, exhibited the most significant splicing efficiency.
Several pharmacological compounds have been investigated and
found to modulate the inclusion of exon7 in SMN2 mRNA. These
compounds include aclarubicin (anthracycline antibiotics) [13],
benzamide M344 (a histone deacetylase (HDAC) inhibitor) [20],
indoprofen (a nonsteroidal anti-inflammatory drug and cyclooxy-
genase inhibitor) [21], sodium vanadate (a phosphatase inhibitor)
[12], 5-(N-ethyl-N-isopropyl)-amiloride (an Na’/H" exchanger in-
hibitor) [14], sodium butyrate (an HDAC inhibitor) [22], and val-
proic acid (an HDAC inhibitor) [23]. We found that caffeic acid
and p-coumaric acid could both enhance exonl2 exclusion from
the ATP7B gene. Caffeic acid and p-coumaric acid are HDAC
inhibitors [24]. The HDAC inhibitors, such as benzamide M344,
and VPA, also present the ability to correct the splicing abnor-
mality in SMA via regulating splicing factor expression patterns
[20, 23]. The present study is the first to demonstrate that caffeic
acid and p-coumaric acid can enhance exonl2 exclusion from the
ATP7B gene.

Several studies have suggested that the alternative splicing is
modulated by SR and hnRNP proteins in some disease models,
including SMA [10, 11]. Furthermore, some HDAC inhibitors,
including benzamide M344, and VPA, could also correct the
splicing abnormality in SMA, mainly through the regulation of
splicing factors [20, 23]. An alternative splicing pattern related to
RNA processing machinery was also observed in a mouse model
of WD, suggesting that copper elevation selectively alters the pro-
tein machinery involved in RNA biogenesis, which is associated
with a distinct modification of the splicing pattern [25]. To fur-
ther explore the mechanism underlying the effect of compounds
derived from Schizonepeta on ATP7B pre-mRNA splicing, CHO-
K1 cells were respectively treated with apigenin, luteolin, caffeic
acid, and p-coumaric acid (Fig. 3). The change in the levels of
several SR and hnRNP proteins was examined by western blotting.
The results showed that p-coumaric acid markedly decreased the
levels of hnRNP A1l. These results suggest that p-coumaric acid
may modulate ATP7B exonl2 exclusion through down-regulation
of hnRNP A1 protein expressions.

The hnRNP A1 protein belongs to the A/B subfamily of ubiq-
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uitously expressed hnRNPs [26]. These proteins are RNA-bind-
ing proteins; they form a complex with heterogeneous nuclear
RNA (hnRNA); and they modulate pre-mRNA splicing. ESSs are
cis-regulatory elements that inhibit the use of adjacent splice sites
and prevent exon exclusions [27]. hnRNPs typically function at
ESSs and regulate the alternative splicing process. Interestingly,
the progression of several diseases is also affected by hnRNP A1l-
dependent ESS interactions, including Alzheimer’s disease, breast
cancer, and SMA [28-30]. Using the ESS prediction website
(http://genes.mit.edu/fas-ess/), we observed several putative ESS
sites in exonl2 of ATP7B (Fig. 1D) [27]. These putative ESSs are
potential targets for hnRNP Al protein binding to prevent ATP7B
exonl2 exclusion.

To address whether or not ATP7B exonl2 exclusion can be
modulated by these splicing factors, in vivo splicing assays were
performed in CHO-K1 cells using RNA interference experiments
(Fig. 4). CHO-K1 cells were transiently co-transfected with siR-
NAs targeting SRp20 (siSRp20), SRSF1 (siSRSF1), and hnRNP
Al (sihnRNP A1), respectively, along with the ATP7B exonll1-
12-13 mini-gene, and the effect was assessed by real-time quan-
titative PCR (qPCR) (Fig. 4 A, B, and C). Cells were harvested,
total RNAs were extracted, and ATP7B splicing products were
analyzed by RT-PCR. As shown in Fig. 4D, compared to the neg-
ative control siRNA (siNC), transfection with stihnRNP A1 exhib-
ited the most significant splicing efficiency. This result suggests
that down-regulation of the hnRNP A1 protein is able to modulate
alternative splicing by the enhancement of exon12 exclusion of
the ATP7B gene (Fig. 4 D and E).

To further address whether or not ATP7B exonl2 exclusion
can be modulated by these splicing factors, in vivo splicing as-
says were also performed in CHO-K1 cells by overexpression
experiments using mammalian expression constructs encoding
SRp20, SRSF1, and hnRNP A1 (Fig. 5). The effect was assessed
by real-time qPCR (Fig. 5 A, B and C). The CHO-K1 cells were
co-transfected with these expression constructs and the ATP7B
exonll1-12-13 mini-gene. Cells were harvested, total RNAs were
extracted, and ATP7B splicing products were analyzed by RT-
PCR. As shown in Fig. 5D, compared to the control pcDNA3.1
vector only, transfection with phnRNP A1 exhibited the most
significant splicing efficiency. This result suggests that over-
expression of the hnRNP Al protein can modulate alternative
splicing by the inhibition of exon12 exclusion of the ATP7B gene
(Fig. 5 D and E).

In this study, we first found that the HDAC inhibitor, p-
coumaric acid, from Schizonepeta water extract could inhibit the
expression of the splicing factor, hnRNP A1l. There are several
putative ESS sites found in exon12 for hnRNP Al protein bind-
ing. RNA interference of hnRNP A1l promoted A7P7B exonl2
exclusion. In addition, over-expression of the hnRNP A1 protein
promoted ATP7B exonl2 inclusion. The protein patterns of host
splicing proteins may be altered when cells are treated with p-
coumaric acid, and induced or inhibited cellular proteins associ-
ated with ESS may influence pre-mRNA splicing. Additional
studies are required to determine whether these HDAC inhibitors
and induced or inhibited ESS binding proteins are essential for
alternative splicing or not, and to identify new targets for agent
development.
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ABSTRACT

The improvement of the resolution of rapid scanning in multidetector computed tomography (CT) has an
increased accuracy that allows for the demonstration of the relationship of the pulmonary arteries and lung
lesions, even in the peripheral lung. The purpose of this study is to evaluate the relationship between the
pulmonary arteries and lung lesions by CT, and to use this relationship to distinguish between benign and
malignant lung lesions. The relationships of the lung lesions and the adjacent pulmonary artery were re-
corded as encasement, displacement, penetration, in the margin, and disconnection. Statistical analyses
were then performed to evaluate the relationship of the pulmonary arteries to each lesion with a focus to-
ward the possibility of malignancy and the degree of pulmonary arterial encasement in the lesion. The re-
lationship between the pulmonary arteries and lung lesions had a statistically significant difference between
benignancy and malignancy (P < 0.001). Inter-observer agreement was substantial (x = 0.639; 95% CI:
0.518-0.719). The average degrees of pulmonary arterial encasement in benign and malignant lesions were
52.1% + 27.3% and 71.8% + 18.8%, respectively (P = 0.011). The ROC curve showed that the degree of
pulmonary arterial encasement had a moderate discriminating ability in diagnosing lung carcinoma, and
the area under the curve was 0.738. The best cutoff value was 44.4%. The relationships of the pulmonary
arteries to lung lesions and the degree of pulmonary arterial encasement could be used in differentiating be-
nignancy from malignancy not only for central lung lesions but also peripheral lung lesions.

1. Introduction

nancy [4, 5].
In our preliminary study, we found that the pulmonary vein

A solitary pulmonary tumor is a common radiological finding.
And while computed tomography (CT) is considered to be one of
the most important non-invasive diagnostic tools in clinical prac-
tice, differentiating between a malignant and a benign lesion on
CT is not an easy task for a radiologist [1, 2].

The lung has a dual blood supply: one source is the bronchial
arteries, and the other is the pulmonary arteries. Generally, the
bronchial artery provides the blood supply to bronchogenic car-
cinoma. Using the relationship of the bronchial artery to lung le-
sions in distinguishing said lesions’ benignancy from malignancy
in CT usually has limitations because tracing the whole course of
the bronchial artery to the lung carcinoma is still a challenge [3].

The pulmonary vessels are usually encased or invaded by
lung carcinoma. Therefore, the relationship of nodules to both
the pulmonary arteries and veins has been reported as the param-
eter in the neural network to distinguish benignancy from malig-

was easily encased, compressed, or invaded by benign and ma-
lignant lesions due to low blood pressure, but we were unable to
differentiate whether each vein was encased, compressed, or in-
vaded by each lesion.

The pulmonary artery has a relatively higher blood pressure
than the pulmonary vein, and so may not be as easily affected as
the pulmonary vein. Therefore, it may be better used as a param-
eter to differentiate benignancy from malignancy.

Improvement of the temporal and spatial resolution in the
multidetector CT (MDCT), along with rapid coverage of the
whole thorax and power auto-injector and CT software techniques,
has made it possible to time the initiation of a scan to take into
consideration peak enhancement so that the pulmonary arteries
can be shown clearly, even in the peripheral lung. In addition,
multiple windows and levels are visible simultaneously with mul-
tiplanar reformations (MPR), and maximum or minimum inten-
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Table 1 — Methods to prove the final diagnosis in

malignancy and benignancy.

Methods to prove final diagnosis Case numbers

Malignancy 77
Ultrasonography guided biopsy 10
CT guided biopsy 3
Transbronchial biopsy 41
Transbronchial brush 33
Transbronchial wash 33
Thoracotomy 14

Benignancy 23
CT guided biopsy
Transbronchial wash
Thoracotomy
Sputum culture and F/U 13

CT = computed tomography, F/U = follow up until the lesion resolves
(about 6-18 months).

sity projections (MIP and minIP) tools can be used interactively at
the workstation so that radiologists can trace the whole course of
each pulmonary artery and differentiate the relationships between
the lung lesion more accurately than with conventional CT, even
in the peripheral small lung nodules [1].

The aim of this study was to evaluate the ability of the rela-
tionships between the pulmonary arteries and lung lesions to dis-
tinguish benignancy from malignancy in said lesions. In addition,
the degree of pulmonary arterial encasement in predicting ma-
lignancy was evaluated with the receiver operating characteristic
(ROC) curve.

2. Patients and methods
2.1. Patients

We reviewed all of the chest CT images from August 2005 to De-
cember 2005. There were 100 patients with solitary pulmonary
nodules or mass who underwent a 16-slice MDCT study. The
final diagnosis was made by the pathological biopsy or the spu-
tum culture (Table 1). Age and sex were assessed in patients with
either benign or malignant lesions. This study was approved by
the Institutional Review Board with patients signing a waiver of
informed consent.

2.2. CT protocol and image analysis

All of the CT imaging was performed with a 16-slice MDCT
(LightSpeed and BrightSpeed, General Electric Medical Sys-
tems). Before dynamic CT was performed, high resolution CT
(HRCT) images were obtained. One-mm-thick images were
taken at 10-mm spacings from lung apexes to lung bases, with
the patient breathing out fully for each image. Then, 100 ml of
iodinated contrast medium (Omnipaque 350 mg I/ml) was intra-
venously injected with a power injector at a rate of 3 ml/sec. The
scanning was then performed from the lung apexes to the middle
pole of both kidneys. Smart preparation technique-scanning delay
was automatically determined with bolus tracking in the aorta, and
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Fig. 1 - Encasement. This is an 82-year-old male with a mass
lesion abutting the left hilum. He received bronchoscopic
biopsy and pathology revealed small cell lung carcinoma.
Coronal (A) and axial (B) section computed tomography (CT)
images reveal the main tumor envelops the left segmental
pulmonary artery, with decrease in the diameter of this artery
(white arrows).

only after the contrast medium injection and the subsequent wait-
ing for the density of aorta to be over 120 Hu was the starting
scan used. The region of interest (ROI) was placed in the aortic
arch. The scanning parameters were a collimation of 1.25 mm, a
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Fig. 2 - Displacement. This is a 68-year-old female with a pul-
monary nodule in the right lower lobe. She received right
lower lobe lobectomy, and pathology revealed adenocarci-
noma. Coronal reformatted CT image reveals the nodule
pushing the peripheral right pulmonary artery away from
its normal vascular course with a smooth indentation on the
pulmonary artery (white arrow).

table speed of 34.375 mm/sec and a pitch of 1.375. Axial slices
were reconstructed with a slice width of 5.0 mm and a slice inter-
val of 5.0 mm. Then, the 0.625 mm reconstructed raw data of the
dynamic CT images were sent to the CT workstation (Advantage
Window 4.4).

Two radiologists with 15 years (Observer 1) and 3 years
(Observer 2) of experience in chest CT independently reviewed
the nearly-isotropic data set consisting of 300-400 reconstructed
CT images at the workstation. They were both familiar with the
CT workstation techniques and unaware of the final diagnosis
of each lung lesion. Several tools were used at the workstation
to display data, and, most often, MPR and MIP were used in our
study. Rotations around and along any axis in real time were also
used. The observers assessed the relationship of the lung lesions
and adjacent pulmonary artery with multiple windows and levels
simultaneously at CT workstations and recorded the relationships
as encasement, displacement, penetration, in the margin, and dis-
connection.

The definition of encasement is a mass enveloping a pul-
monary artery while decreasing the size of a pulmonary artery’s
caliber (Figure 1). Displacement indicates a mass is causing
deviation of a pulmonary artery away from the normal vascular
course with/without a notch in the pulmonary artery (Figure 2).
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Fig. 3 - Penetration. This is a 64-year-old male with a mass
lesion in the left lower lobe. He received ultrasonography-
guided biopsy, and pathology revealed adenocarcinoma.
Sagittal reformatted CT image reveals the pulmonary artery
passes through the lesion without change of the vascular
course or caliber of the pulmonary artery (white arrows).

Penetration is when a pulmonary artery passes through the lesion
without changing the vascular course or caliber of that pulmonary
artery (Figure 3). In the margin is when a pulmonary artery
passes across the lesion’s margin but without changing its vas-
cular course or its caliber. Disconnection is when there is no
pulmonary artery contact with the lesion. More than one type of
relationships would be recorded if more than one pulmonary ar-
tery was in connection with the lesion. The degree of mass effect
in order is encasement, displacement, and then penetration. The
mass effect that cannot be clarified as a lesion is the mass effect
that involves disconnection or in the margin to/with a pulmonary
aftery, so these types of lesions were not included in the statistical
analyses. Finally, the observers recorded the relationship of each
pulmonary artery with the most mass effect of each lesion in the
statistical analyses.

As well, two chest radiologists also measured the size of all
of the lesions and recorded the location of each lesion as central
or peripheral. A central lesion is a lesion that occurs in the hilar
bronchus (main, lobar, or segmental bronchus), while a peripheral
lesion is one that occurs below the level of the segmental bron-
chus.

When the result of the same nodule was not the same from the
2 observers, the results were discussed by both observer 1 and 2,

June 2015 | Volume 5 | Issue 2 | €38



Fig. 4 - (A) A lesion (circle) encases the pulmonary artery, and the encased segment doesn’t include a bifurcation. The degree
of encasement was determined by the ratio between the luminal diameter at the point of greatest stenosis, CD, and the normal
artery beyond the lesion at proximal end, AB. The degree of encasement = (1-CD/AB)*100%; this was labeled as type A
encasement. (B) A lesion (circle) encases the pulmonary artery, and the encased segment includes a bifurcation, the narrowest
segment is proximal to the bifurcation. The degree of encasement = (1-CD/AB)*100%; this was labeled as type B encasement. (C)
A lesion (circle) encases the pulmonary artery, and the encased segment includes a bifurcation, the narrowest segment is distal to
the bifurcation. The degree of encasement = (1-CD/EF)*100%; EF was the normal artery beyond the lesion at distal end. This
was labeled as type C encasement. (D) A lesion (circle) encases the pulmonary artery and the encased segment includes at least
2 bifurcations. The narrowest point is at the segment between 2 bifurcations. The degree of encasement = (1-CD/CD’)*100%,
CD’= EF+EC/EA*(AB-EF); CD’ was an approximation of an expected normal diameter of the narrowest segment, EC was the
distance between the narrowest point to the normal segment beyond the lesion at distal end. EA was the distance of the vessel at

normal segments between both ends of the lesion.

and then they reached a consensus.

In addition, as pulmonary arterial encasement was recorded,
the degree of encasement was measured by the 2" observer at the
workstation. When there were different degrees of encasement
of a pulmonary artery or the lesion was encased by more than one
pulmonary artery, he would repeatedly place the tracer in all of
the narrowed segments by zooming in on the images, using dif-
ferent thicknesses of the MIP images, checking the tracer in all
of the planes, and rotating around the tracer at the workstation.
After repeat calculations, he recorded the data showing the most
advanced degree of encasement. The degree of encasement was
calculated and the methods are listed in Figure 4, categorized by
how many pulmonary arterial bifurcations were within the lesion
and the location of the narrowest segment of each pulmonary
artery. When the vessel was encased, very lightly enhanced, and

BioMedicine | http://biomedicine.cmu.edu.tw/

barely visualized, it was difficult to measure, so it was be recorded
as amputation, and the degree of encasement was 100%.

2.3. Statistical analyses

Statistical analyses were performed with SAS software (version
9.13; SAS Institute, Cary, NC). Each patient’s gender and the
relationship between lung lesion and adjacent pulmonary artery
in the benign and malignant groups were analyzed by using
Fisher’s exact test. Two-independent-sample 7-test was used to
analyze statistically significant difference in patients’ ages, and
a Wilcoxon rank sum test was used to analyze the degree of pul-
monary arterial encasement by each lung lesion in the benign and
malignant groups. Odds ratio with its 95% confidence interval
(CI) was used to estimate the strength of the association between
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Table 2 — The relationships of pulmonary arteries to the lung lesions recorded by 2 observers and the

final results.

Benignancy Malignancy
RelationshipsObsewers 1 2 Final results 1 2 Final results
Encasement 8 6 56 59 58
Displacement 2 1 28 25 27
Penetration 10 13 10 4 4 4
In the margin 0 0 0 1 1
Disconnection 3 3 2 2 2

Table 3 — Basic data compared between benignancy and malignancy.

Benignancy Malignancy P value
Age (years old) 57.2+22 67 + 11 P=0.074
Gender (female:male) 6:14 24:50 P=1
Location (C:P) 9:11 46:28 P=0.13
Tumor size (mm) (mean + SD) 51.1+17.4 48.1+21.9 P=0.578

C = central located, P = peripheral lesion, SD = standard deviation.

Table 4 — The relationships of pulmonary arteries to the lung lesions recorded by 2 observers and the

final results.

Benignancy Malignancy
Rela tionShipSObservers 1 2 Final results 1 2 Final results
Encasement 4 56 59 58
Displacement 28 25 27
Penetration 15 10 10 4 4 4
In the margin 0 0 1
Disconnection 3 3 2 2 2

malignancies and the relationships of the pulmonary arteries to
the lung lesions by using the group of those who had lesions with
pulmonary artery penetration as the baseline. A P value of less
than 0.05 was considered to indicate a significant difference.

Inter-observer agreement was assessed by using kappa (x)
statistics, which measures the level of agreement after taking
chance agreements into account. Furthermore, the sensitivity and
specificity profiles of the degree of pulmonary arterial encase-
ment in the diagnosis of malignancy were determined by plotting
an empirical ROC curve.

3. Results

The relationships between pulmonary arteries and lung lesions
were recorded by Observer 1 and Observer 2, and the final re-
sults are listed in Table 2. Six nodules (3 malignant and 3 benign
lesions) were not included in the statistical analyses because in
these cases the pulmonary arteries were in the margin or discon-
nect with the lung lesions. Finally, 74 patients who had broncho-
genic carcinomas and 20 patients who had benign lung lesions
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were included in the statistical analyses. The final diagnoses of
these patients are listed in Table 3. The basic data analyses are
shown in Table 4.

There were 15 malignant lesions that had 2 different types
of relationship to the pulmonary arteries. The relationship of the
pulmonary arteries to the benign lesions and the malignant ones
was statistically significantly different (P < 0.001). A lesion with
a pulmonary arterial encasement had an 18.1 times greater likeli-
hood of being malignant than a lesion with a pulmonary artery
penetrating through it (95% CI: 4.6-71.7, P < 0.001). A lesion
that displaced the pulmonary artery had a 33.7 times greater like-
lihood of being malignant than a lesion with a pulmonary artery
penetrating through it (95% CI: 5.3-213.7, P = 0.0002).

Inter-observer agreement was substantial (x = 0.612; 95% CI:
0.518-0.719).

The lesions with different types of pulmonary arterial encase-
ment that were related to the calculation of the degree of encase-
ment are presented in Table 5. The average degrees of pulmonary
arterial encasement in benign and malignant lesions were 52.1% +
27.3% and 71.8% + 18.8% (P = 0.011), respectively. The empirical
ROC curve for the diagnosis of a malignant lung tumor with the
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Table S — The type of pulmonary artery encasement that related to the calculation of the degree of

encasement

Types of encasement Benignancy (case number) Malignancy (case number)

Type A 0 0
Type B 0 10
Type C 1 5
Type D 6 32
Amputation 1 11

Type A = The encased segment didn’t include any bifurcation, as in Figure 4A; Type B = The encased segment included one bifurcation, and
the narrowest point was located proximate to the bifurcation, as in Figure 4B; Type C = The encased segment included one bifurcation, and the
narrowest point was located distal to the bifurcation, as in Figure 4C; Type D = The encased segment included more than one bifurcation, as in

Figure 4D.

1.0
0.9
0.8
0.7
0.6
0.51
0.4
0.3
0.2
0.1
0.0

Sensitivity

00 01 02 03 04

05 06 07 08 09 10

1 - Specificity

Fig. 5 - The ROC curve for diagnosis of malignancy using the degree of pulmonary arterial encasement. Points labeled in the

picture are the values of degree of encasement.

degree of pulmonary arterial encasement showed a moderate
discriminating ability in diagnosing lung carcinoma, and the area
under the ROC curve was 0.738 (Figure 5). The best cutoff value
for the degree of pulmonary arterial encasement in the diagnosis
of malignancy was 44.4%. If 44.4% was chosen as the cutoff
value for diagnosing malignancy of a lung tumor with said degree
of pulmonary arterial encasement, then the sensitivity was 96.6%
(56/58), specificity was 62.5% (5/8), positive predictive value
was 94.9% (56/59), and negative predictive value was 71.4% (5/7),
respectively. The 2 false negative results came from squamous
cell carcinoma, and these 2 nodules both had 40% encasement.
The 3 false positive results came from 3 tuberculosis (TB) lesions
with 71%, 74% and 100% encasement, respectively.

4. Discussion

CT is the most cost-effective image modality for evaluating lung
lesions. A benign nodule can be diagnosed by either there being
a benign pattern of calcification or the nodule having a doubling
time of more than 2 years there being a benign pattern of calcifi-
cation, by using fat, or by the nodule having a doubling time of
more than 2 years [6, 7]. However, if the lesion does not have
these features, the radiologist must use the morphologic signs
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from CT, like attenuation, margin, contours, cavitation, size,
enhanced pattern and clinical information, to judge if the lesion
is malignant [1, 2, 4, 5, 7-9]. But, there are several overlaps be-
tween benign and malignant lesions.

With the increased use of ultrasonography (US) to evaluate
peripheral lung lesions, Hsu et al. found that a pulmonary artery
vessel signal, a pulsatile flow with vessel signal length > 1 cm
demonstrated by color Doppler US, could be a sign for predicting
benign lesions (10). However, this finding cannot be applied to
CT scans, since the length of the pulmonary arteries within the
lesions; both benign and malignant, is always seen in CT as more
than 1 cm if the diameter of the lesion is more than 1 cm.

The blood supply for lung cancer is mainly from the bronchial
arteries, and Tan et al. revealed that 16-slice MDCT demonstrated
that fact by showing that bronchial arteries were the blood sup-
ply for 94% of lung cancers [3]. According to Muller’s report,
the largest possible diameter of a bronchial artery supply to the
bronchogenic carcinoma depends on tumor size. When the tumor
is 1-2 cm, the largest lumen of the feeding bronchial artery is
100 pum, and when the tumor is 2-4 cm, the largest lumen of the
feeding bronchial artery is 200-600 um [11]. The minimal thick-
ness of 16-slice MDCT is 0.625 mm, meaning that it may not be
sufficient to demonstrate the whole vascular course of the feed-
ing bronchial artery or for a tumor size of less than 4 cm or even
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bigger. The detected rate of blood supply for lung lesions was
42% (41 malignancies and one benign) in our study, which is
lower than Tan’s report. This may be due to the smaller sizes and
marginal locations of the lesions we studied. In addition, some
bronchial arteries also supply several non-cancerous lung lesions
[12], so we could not always use the feeding bronchial arteries to
distinguish between benign and malignant lesions.

At an early stage of tumor development, the bronchial arteries
have a regular hilifugal course to supply the tumor, and then a
wool ball-like pattern at an advanced stage. When a tumor is
larger than 4-6 cm in diameter, it will show regression and the
necrotic area of the tumor will be noted. Then it may have a cen-
tral avascular cavity and increased vascularization in the growth
zone at its edges, with bronchial artery-to-pulmonary artery anas-
tomoses [11]. The pulmonary arteries mainly supply the lung pa-
renchyma and several alveolar-originated lesions, but sometimes
they are found to supply bronchogenic carcinomas. The histo-
logical cell type, tumor grading, tumor size, tumor location, and
grade of differentiation of bronchogenic carcinomas have been as-
sociated with the possibility of the pulmonary arteries supplying
blood to lung carcinomas. Zhang YL et al. found that pulmonary
arteries had a greater tendency to supply to a big, peripherally
located, low-differentiated carcinoma and to supply to squamous
cell carcinoma than to adenocarcinoma [13]. This may be due
to the rapid growth of these types of tumor and the fact that it
receives relatively less blood supply from the bronchial arteries in
peripheral lung lesions than in central lung lesions. However, this
is rarely evidenced in radiological images, possibly due to poor
tissue contrast for bronchogenic carcinoma and lung parenchyma
during pulmonary arterial angiography.

Computer-aided detection (CAD) and artificial neural net-
works have been developed to improve the detection rate and abil-
ity in differential diagnosis [4, 5, 9]. Their ability is dependent on
the input data, and these systems are at present used as a second
opinion to assist radiologists and are not routinely used in daily
practice. It is a well-known fact that vascular encasement by a
tumor is likely a sign of that tumor’s malignancy, such as pan-
creatic head carcinoma and hepatocellular carcinoma encasing a
portal vein. Chen et al. used the relationship of the nodule to
blood vessels as one of the nine CT signs of the neural network-
based CAD scheme in distinguishing a malignant from a benign
solitary pulmonary nodule. They classified the relationships
into 3 groups: disconnection with blood vessels, connection
with blood vessels without notching, and connection with blood
vessels with notching [4]. Matsuki ef al. recorded the vascular
involvement of the lung nodule from no involvement (score 0)
to the involvements of more than two vessels (score 10). They
used this as one of the 16 radiological findings and combined this
with 7 clinical parameters to build up a neural network scheme
for differentiating benign from malignant pulmonary nodules on
HRCT [5]. Both studies suggest that these neural network-based
CAD schemes could assist radiologists in improving the overall
diagnostic accuracy in differentiating between benign and malig-
nant tumors on HRCT.

With the improvement of the temporal and spatial resolution
in MDCT due to dynamic protocol and several useful tools such
as MPR, MIP and VR at the workstation, we can clearly trace the
pulmonary arteries to the peripheral lung about 2 cm away from
pleura. As our study shows, we can use the relationship between
the pulmonary arteries and lung lesions to distinguish benignancy
from malignancy, since the relationship of the pulmonary arteries
to lung lesions has a significant difference between benignancy
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and malignancy. In short, we found that malignant lesions had
a tendency to encase and displace the pulmonary arteries, and
benign lesions had a tendency to be penetrated by the pulmonary
arteries. Furthermore, when using 50% pulmonary arterial en-
casement as the cut-off value, the sensitivity and the specificity in
predicting malignancy were 91.4% and 62.5%, respectively. This
result is easy to apply in clinics and may further be used as a sign
in CAD schemes.

The more desmoplastic reaction of inflammatory lesions, like
TB, might show prominent mass effect and different histology
cancer cell types, and grades of malignant cell differentiation may
also express different degrees of mass effect on adjacent pulmo-
nary arteries. These circumstances may cause some limitations
in using the relationship between the vessel and the tumor and
the degree of pulmonary artery encasement to differentiate benig-
nancy from malignancy in lung lesions.

The quantification of observer agreement is an essential
complement in conventional studies of diagnostic accuracy in the
evaluation of a diagnostic test [14]. Agreement between these
relationships in our study was also determined, using the « statis-
tic. The level of agreement was considered poor with k < 0.20,
fair with k = 0.21-0.40, moderate with k = 0.41-0.60, substantial
with k = 0.61-0.80, and very good with « > 0.80 [15]. The inter-
observer agreement was substantial (k = 0.639), which was simi-
lar to the agreement found in previous studies of mammography
and other CT interpretive tasks [16].

The limitation of this study is the small sample size of benign
lesions. This may have lead to the sharp slope of the ROC curve,
which, as the degree of encasement decreases from 70.8% to
44.4%, inversely increases the sensitivity from 44.8% to 96.6%
with a fixed specificity of 62.5%. Also, this study didn’t include
the lesions of metastasis and bronchoalveolar carcinoma, which
were thought to have blood supplies mainly from the bronchial
arteries. This suggests the possibility that there may be another
story in the relationship of these lesions to the pulmonary arteries.
Furthermore, the lack of benign tumors in our benign lesion group
was also noted. Further investigation to include more variant
origins of benign lesions and different histologic types of malig-
nancy is needed.

Besides, the resolution and enhancement of the pulmonary ar-
teries at 1-2 cm away from the pleura depends on several factors,
such as ratio of the amount of contrast medium to patients’ body
size and contrast medium injection flow rate. Because we have
difficulty tracing the pulmonary arteries at this region with con-
fidence, this may cause the routine application of our results to
have limitations in evaluating these very peripherally located
small lesions.

5. Conclusion

In this study, we have shown that the relationships of the pulmo-
nary arteries to lung lesions and the degree of pulmonary arterial
encasement could help in differentiating benignancy from ma-
lignancy in lesions, not only for central lung lesions, but also for
peripheral lung lesions located below the 2"-order bronchus to 2
cm away from pleura.
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Intraosseous cavernous hemangioma is a rare cause of osteolytic lesions of the skull, and its multifocal type
is even more infrequent. This tumor is difficult to accurately diagnose by imaging and can be confused
with osteolytic Langerhan’s cell histiocytosis or other neoplasms. Here we present a case of multifocal in-
traosseous cavernous hemangioma of the skull treated with surgical intervention in our hospital five years

ago. A review of related literatures and case reports is also provided to help clarify the diagnosis and devise
treatment regimens. In light of the difficulties of early diagnosis, early en bloc surgical removal is recom-

mended.

1. Introduction

Primary cavernous hemangiomas are rare skeletal tumors ac-
counting for 0.7-1% of all bone neoplasms [4]. These tumors,
which arise from the intrinsic vasculature are mostly found in
vertebral bodies. Cavernous hemangiomas are usually unifocal,
and they represent 0.2% of all benign neoplasms of the skull.
The majority of these lesions are asymptomatic, but patients can
present with focal pain or palpable mass. A multifocal osteolytic
lesion can initially be confused with Langerhan’s cell histiocy-
tosis (LCH) or a malignant neoplasm. Here we present a case of
multifocal cavernous hemangiomas of the skull bone.

2. Case presentation

A 29-year-old female came to our neurology outpatient clinic
because of a painful skull defect found incidentally over the right
parietal area. The lesion was soft and with mild dimpling. Inter-
mittent pain had started at least 3 weeks before the initial visit.
She denied any history of head injury or systemic disease. Cranial
computed tomography (CT) and magnetic resonance imaging
(MRI) identified 2 individual osteolytic lesions with contrast en-
hancement (Figures 1, 2) over the right parietal (10 mm * 9 mm)
and frontal (8 mm * 9 mm) areas of the skull. In particular , the
CT scan revealed osteolytic lesions with erosion of the skull bone,
whereas MRI showed low signals on T1-weighted images, high

Fig. 1 - (A-C) A parietal osteolytic lesion on brain CT. (D, E)
The enhanced lesion (asterisk) with a feeding artery (arrow)
revealed by gadolinium-enhanced T1-weighted imaging.

signals on T2-weighted images, and heterogeneous enhancing ef-
fects on gadolinium-enhanced T1-weighted images. A neoplastic
invasive lesion, such as LCH or malignant metastasis tumor, was
initially suspected. A series of tests including: L-spine MRI, bone
scintigraphy (Figure 3), and analysis of tumor markers did not
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Fig. 2 - (A, B) Another osteolytic lesion at the frontal area
on brain CT. (C) The enhanced lesion (arrow) revealed by
gadolinium-enhanced T1-weighted imaging.

reveal abnormal results. A large craniectomy was performed for
the evacuation of the 2 osteolytic lesions, and cranioplasty with
polymethylmethacrylate was carried out for skull reconstruction.
The dura was intact, but diffused oozing and central hyperemia
were noted during the surgery. The final histological report con-
firmed the diagnosis of intraosseous cavernous hemangioma. The
patient recovered well. She has been followed up for 4 years with
no recurrence.

3. Discussion

Primary intraosseous cavernous hemangioma is a rare, benign, and
slow-growing tumor formed by blood vessels separating fibrous
tissue and accounting for 0.2% of all benign tumors of the skull [4].
In the skull, these tumors are fed by the branches of the external
carotid artery, especially the superficial temporal artery, posterior
occipital artery, and branches of the middle meningeal artery [5].
Cavernous hemangiomas are usually asymptomatic lesions, but
the clinical presentation can include cosmetic changes, increased
intracranial pressure caused by parenchymal compression, and the
cranial nerve deficits [3]. The peak age of skull hemangiomas is
the fourth decade of life, and women are affected 2-4 times more
often than men [6]. Some reported treatments include curettage
and radiotherapy [2]. Curettage may lead to massive periopera-
tive bleeding and recurrence after the operation. Radiotherapy
can only can prevent the tumor from growing, but it cannot eradi-
cate the lesions. Additionally, there are reports describing malig-
nant transformation of intraosseous cavernous hemangiomas after
radiotherapy.

Differential diagnoses of intraosseous neoplasm include LCH,
osteoma, sarcoma, and fibrous dysplasia. LCH is caused by ab-
normal proliferation of dendritic cells, which often occurs in
young patients. It is commonly located in the skull , especially in
the parietal and frontal bones [7]. Compared to LCH, the great
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Fig. 3 - Left: A bone scintigraphy image. The arrow-head
indicates right skull bone enhancement. Right: The histologic
examination showed a cavernous hemangioma (black asterisk)
of the diploe with thin-walled, dilated capillary spaces lined by
with endothelial cells. No malignancy was observed.

majority of the reported cases of skull hemangiomas are unifocal,
although multiple hemangiomas have also been described [6].
Wyke reported that 7 out of 40 reported cases of primary heman-
gioma of the skull were multifocal [9]. According to the study
performed at Mayo Clinic in 1975, only 2 out of 43 patients with
hemangiomas had multiple lesions [8].

Our literature search failed to identify an ideal noninvasive
method that can differentiate cavernous hemangioma from other
diseases such as LCH or malignant cell invasions. Therefore, in
the majority of cases, the final diagnosis is established only after
surgery. For the above reasons, early en bloc surgical removal of
intraosseous tumors is recommended irrespectively of whether the
osteolytic lesion is benign or malignant , and unifocal or multifo-
cal. Correction of cosmetic changes and treatment of local pain
are other indication for the surgery [3].
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