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Substrates of the human oligopeptide transporter hPEPT2

Dongxin Zhao1,*, Kui Lu1,2,*

1 School of Chemistry and Chemical Engineering, Henan University of Technology, Zhengzhou, China;
2 Department of Materials and Chemical Engineering, Henan Institute of Engineering, Zhengzhou, China.

1. Introduction

Proton-coupled oligopeptide transporters (POTs) 
are membrane proteins that can translocate various 
dipeptides, tripeptides, and peptide-like drugs across 
the biological membrane (1,2). The POT family, also 
called the solute carrier 15 family (SLC15), comprises 
four peptide transporters in mammals: PEPT1 
(SLC15A1), PEPT2 (SLC15A2), PHT1 (SLC15A4), 
and PHT2 (SLC15A3). The peptide-transporter 
PEPT2 is widely expressed in various tissues, with 
predominant expression in the kidney, brain, lung, eye, 
prostate, astrocytes, spleen, uterus, and mammary gland 
(3-6). Given its 15 times higher affinity than PEPT1 
to the same substrates, PEPT2 was characterized 
as a high-affinity, low-capacity transporter (7,8). 
PEPT2 can sequence-independently transport more 

than 400 dipeptides and 8,000 tripeptides, which are 
comprised of 20 essential L-α-amino acids and most 
D-enantiomers. Aside from peptides, drugs such as 
numerous aminocephalosporins, selected angiotensin-
converting enzyme inhibitors, peptidase inhibitors, 
and various novel prodrugs can also be recognized 
by PEPT2 (9-11). Therefore, PEPT2 influences the 
uptake, efflux, and pharmacological effects of chemical 
substances, such as peptides and drugs (12). 
 The primary structure of PEPT2 has been deduced 
by molecular cloning studies in human and animals. 
As shown in Figure 1, human PEPT2 (hPEPT2) 
contains 12 transmembrane domains (TMDs) and an 
extracellular loop between TMDs 9 and 10, with the N- 
and C-termini facing the cytosol (13,14). The conserved 
Arg57, His121, Tyr56, Tyr64, and Tyr167 were essential 
for transport activity and substrate binding (14). And 
the putative substrate-binding domain in PEPT2 
lays in the region TMDs 7, 8, and 9. The phenotypic 
characteristics of PEPT2 are determined by TMDs 1 
to 9. The region between the centers of the TMDs 2 
and 3 significantly contributes to the characteristic 
pH-dependency of transport. In addition, the large 
extracellular loop between TMDs 9 and 10 might not 
be responsible for substrate binding (7,10,15). And the 
amino acids were critical for functional divergence 
located in the hydrophobic region between predicted 

Summary Oligopeptide transporters serve important functions in nutrition and pharmacology. In 
particular, these transporters help maintain the homeostasis of peptides. The peptide-
transporter PEPT2 is a high-affinity and low-capacity type oligopeptide transporter from 
the proton-coupled oligopeptide transporter family. PEPT2 has recently received attention 
because of its potential application in targeted drug delivery. PEPT2 is widely distributed 
in kidney, central nervous system, and lung of organisms. In general, all dipeptides, 
tripeptides, and peptide-like drugs such as β-lactam antibiotics and angiotensin-converting 
enzyme inhibitors could be mediated and transported as a substrate of PEPT2. The design 
of many extant drugs and prodrugs is based on the substrate structure of PEPT2 to 
accelerate absorption via peptide transporters. Thus, this paper summarizes the substrate 
features of PEPT2 to promote the rational design of drugs and prodrugs that target peptide 
transporters.
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TMDs 9 and 10 (16).
 Functional studies on PEPT2 principally focused on 
the kidney and choroid plexus. In the kidney, PEPT2 
is mainly found in the S3 segment of the tubule, but 
the renal PEPT2 is almost entirely responsible for 
the reabsorption of peptides and peptidomimetics 
(10,11,16). In the choroid plexus, PEPT2 is the only 
transporter responsible for the exposure of peptide 
and peptidomimetics in the cerebrospinal fluid (17). 
A few studies also detected PEPT2 in other organs. 
For example, PEPT2 might have an important role 
in the metabolism of the central nervous system 
(18), the delivery of peptides and peptidomimetics in 
human lung, and the reuptake of small peptides that 
accumulate from the hydrolysis of milk proteins in the 
mammary gland (19). Otherwise, PEPT2 alterations 
in various tissues could lead to the functional 
loss of transport activity. However, experiments 
demonstrated that PEPT2-null animals were healthy 
and fertile. In addition, neither clinical chemistry data 
obtained from plasma and urine samples nor general 
physiological measures indicated any significant 
metabolic perturbation (4,20,21). Therefore, the exact 
physiological role of PEPT2 warrants further studies. 
 Previous research determined the transport 
capability of PEPT2 through a systematic investigation 
of its structural influence on the uptake or transport 
of dipeptides and tripeptides, β-lactam antibiotics, 
and peptidase inhibitors in different organs (4,22). 
However, the function of PEPT2 remains unclear, and 
the structural features of its substrates are complex and 
incertain. In addition, a standard molecular structure 

model of the substrates has yet to be established. 
Accordingly, this review summarizes reports about the 
substrate structure of PEPT2 to understand the basic 
characteristics of PEPT2.

2. Substrate structure

As a high-affinity, low-capacity transporter, PEPT2 
can transport almost all dipeptides, tripeptides and 
peptide-like drugs which differ in physicochemical 
characteristics, molecular mass, charge, and polarity. 
However, PEPT2 also displays specificity through its 
various substrate affinities depending on the particular 
substrate structure. This phenomenon is important 
when designing pharmacologically active compounds 
for delivery via PEPT2 because the substrate-binding 
sites provide freedom to accommodate molecules with 
unusual structures and pharmacological activities (23). 
 The molecular basis of the natural peptide and drug 
substrates of PEPT2 must be explored to understand 
the basic structural features of substrates (24). Rational 
and nonrational approaches have been applied to 
explain individual substrate specificities of PEPT2 and 
design compounds optimized for absorption by PEPT2. 
The essential structural elements of substrates will be 
discussed in detail below.

2.1. α-Amino group

A free α-amino may be essential for the substrate to 
be recognized by PEPT2. Many substrates have a free 
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Figure 1. Functionally relevant domains of PEPT2 revealed by chimeric and mutant proteins.
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in delta-ALA (27). A comparison of the chemical 
structures of various substrates shows that the α- or 
β-amino carbonyl function is the common structure that 
exhibits a high affinity to PEPT2 (35). The affinity and 
transport currents of compounds can increase by more 
than 30-fold after introducing a single carbonyl group 
into the backbone (22). 
 These results demonstrate that a free amino-
terminus, a correctly positioned backbone carbonyl 
group, and a carboxylic group positioned in a suitable 
distance from the intramolecular carbonyl function and 
the amino terminal head group are the major features 
for substrate recognition and transport by PEPT2. The 
higher the hydrophobicity of the N-terminal amino 
acid, the higher is the affinity to PEPT2.

2.4. Side chain

Side chains can considerably affect the recognition 
and affinity of substrates. In normal dipeptides and 
tripeptides, the substrate binding site in PEPT2 can 
accept various side chains of amino acids. However, 
side chains are accommodated in asymmetric binding 
pockets. The presence of a large aromatic hydrophobic 
group in the side chain of the N-terminal amino acid of 
dipeptides could evidently enhance the binding affinity 
of several derivatives to PEPT2 (36). The terminal 
carboxy group requires a distinct sterical location, and 
binding pockets that accommodate side chains show 
strong hydrophobicity-dependent stereoselectivity 
but are asymmetric (22). Dipeptides that contain 
hydrophobic side chains, particularly those of C-terminal 
residues, possess high affinities. These data suggest that 
the presence of hydrophobic side chains is an important 
factor that determines substrate affinity (10, 33).

2.5. Stereoselectivity

The probability of transport is decided by the 3D 
structure of the substrate. Statistics indicate that 
substrates are always transported in a stereoselective 
manner with a preference for L-α amino acids. 
However, the presence of D-amino acids results in 
the lack of uptake and transport of substrate. Peptides 
that solely contain D-amino acids do not bind with 
the substrate-binding domain as free amino acids, 
and peptides with four or more amino acids do not 
serve as substrates of PEPT2 (5). Dipeptides that 
contain proline are poor substrates because of the 
conformational difference to normal L-α-amino acids 
(37). As a typical L-amino acid alkyl ester, L-valine 
methyl ester could be recognized and transported by 
rat PEPT2 (rPEPT2) and shows high affinity (29,38). 
PEPT2 favors dipeptides with an amino acid in LL-
configuration over those in DL-configuration. The 
stereoselectivity of the carrier protein is pronounced 
for dipeptides in LD-configuration. And DD-dipeptides 

α-amino group that shows high affinity to PEPT2. 
The α-amino group interacts with histidine residues of 
PEPT2 that may be involved in substrate recognition 
by peptide transporters (25). By contrast, reports also 
suggested that free α-amino may be unessential for 
recognition. For example, a study on the transport of 
quinapril, captopril, and enalapril showed that a free 
α-amino group is not an absolute requirement for 
substrate recognition by PEPT2 in the kidney (26,27). 
However, the substitution of this amino group by 
hydroxy or mercapto groups leads to loss of affinity. 
Thus, the presence of a free α-amino group is important 
but not mandatory for recognition by PEPT2.

2.2. Peptide bond

Peptide bond is an unessential group for recognition 
by PEPT2. The peptide bond of aminolevulinic acid 
(ALA) was replaced by a ketomethylene, which can 
serve as a substrate of PEPT2 (27). With a positively 
and a negatively charged head group separated by 
at least four methylene groups, omega-amino fatty 
acids can be transported by PEPT2 (27). Various 
compounds without peptide bond(s) also can be 
accepted as PEPT2 substrates. Such compounds include 
4-aminophenylacetic acid, δ-amino levulinic acid, 
ω-amino fatty acid, aminoacid aryl amide, zidovudine, 
L-valyl ester of acyclovir, and valacyclovir (28-31), 
which strongly challenge the obligatory need for a 
peptide bond. However, only dipeptides and tripeptides 
with the trans-configuration of peptide bonds can be 
transported.

2.3. N-terminal, C-terminal and carbonyl

Groups at the ends of substrates may play important 
roles in recognition. The hydrophobicity of the 
N-terminal region of aminopenicillins increases affinity 
to PEPT2 (27). Anserine with an N-terminal β-amino 
acid displays a high affinity to PEPT2 (32). In addition, 
the hydroxyl group at the N-terminal phenyl ring of a 
few antibiotics may be involved in the interaction with 
PEPT2 (25). The terminal carboxylic group in substrates 
is not required for transport and can be replaced by 
an electrogenic group to form amino acid aryl amides 
(10). The presence of acidic amino acids in the amino 
terminus may result in greater reduction in affinity than 
the presence of the same amino acids in the C-terminus. 
However, the reverse effect has been observed for basic 
residues (33). Cephalosporins and penicillins with an 
N-terminal amino group and a hydroxyl group at the 
N-terminal phenyl ring promote high affinity. However, 
insufficient information is available regarding the 
influence of the C-terminal part (34).
 The substrate affinity of the amino fatty acid 
substantially increases when an additional carbonyl 
group is incorporated into the backbone, as realized 
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are unrecognized by PEPT2 (39). Similar to dipeptides, 
tripeptides with a D-configured N-terminal amino acid 
show lower affinities to PEPT2 than tripeptides in LLL-
configuration. Tripeptides with LDL-configuration are 
low-affinity substrates of PEPT2, and DDD-configured 
tripeptides are unrecognized (37,40). These data 
show that L-α amino acids play important roles in the 
structure of substrates recognized by PEPT2.

2.6. Basic structural characteristics of the substrates

PEPT2 can transport many dipeptides, tripeptides, and 
drugs, but minimal differences in affinity exist among 
these compounds. Dipeptides with glycine and proline 
in the N-terminal position show lower affinities than 
other dipeptides. Tripeptides that contain hydrophobic 
amino acid residues show the highest affinity to PEPT2. 
The presence of charged or uncharged amino acids 
among other tripeptides also influences affinity to the 
H+/peptide symporter PEPT2 (37).
 Biegel et al. developed a comprehensive 3D 
quantitative structure activity relationship model 
based on 83 compounds (32 dipeptides and dipeptide 
derivatives, 27 tripeptides, and 24 β-lactam antibiotics) 
(41). The analyses reveal that a free N-terminal amino 
group, a high electron density around the carboxylic 
group in dipeptides or around the carbonyl group of the 
second amino acid in tripeptides, high electron densities 
at the first and third side chains, and the presence of 
hydrophobic side chains can significantly increase 
affinity to PEPT2. 
 PepT2 displays broad substrate selectivity and 
interacts with numerous drugs, including those without 
similar chemical structures such as peptides (42). 
Some drugs or prodrugs such as β-lactam antibiotic 
cephalexin, penicill ins (43) ,  5-ALA (44) ,  and 
valacyclovir (29) not only interact with PEPT2 but can 
also be transported. 
 A precise pharmacophore model is currently 
unavailable because of the lack of information 
regarding the 3D structure of the transporter proteins. 
However, preferred configurations and conformational 
features of PEPT2 substrates (Figure 2) should include 
the following:
 1) A peptide backbone of two to three amino acid 
residues (45);
 2) Dipeptides must be in zwitterionic forms, and 
the intramolecular distance between oppositely charged 
NH2 and COOH head groups is > 500 and < 630 
picometers (46-48);
 3) A correctly positioned backbone carbonyl 
group (28,41,48);
 4) A free amino group in α or β position;
  5) Stereoselectivity with L-amino acids and trans-
conformers being preferred (37,39,40);
 6) Chiral centers at α-carbons and backbone torsion 
angles ψ, φ, and ω (23,48);

 7) Tripeptides with an uncharged amino acid residue 
in position 3.
 8)Affinity of substrates could be improved by the 
presence of hydrophobic side chains or a C-terminal 
acid group.
 In general, these data suggest that current models 
must be refined by trial and error until the 3D structure 
of transporter proteins is established. Furthermore, 
predictions of structure-affinity relationships and the 
substrate structure of transporter proteins on the basis of 
these models might promote the rational design of drugs 
and prodrugs targeting peptide transporters, and play 
major roles in treating various systemic diseases (8).

3. Regulation

Several reports focused on the function and substrate 
affinities of PEPT2. Meanwhile, minimal but important 
data are currently available on the regulation of PEPT2. 
For example, Mitsuoka et al. hypothesized that the 
growth of cancer cells could be suppressed by the 
inhibition of oligopeptide transporters under nutrient 
deficiency in vitro (49). Søndergaard and Bravo 
et al. reported that epidermal growth factor (EGF) 
has a strong inhibitory effect on rPEPT2 transport 
capacity (50,51). Otherwise, the mRNA and protein 
levels of PEPT2, amino acid homeostasis and drug 
pharmacokinetics could also be regulated by changes in 
thyroid function (52,53).
 Takahashi et al. reported that 5/6 nephrectomized 
rats display unregulated mRNA and protein levels of 
PEPT2 at 2 weeks after surgery and downregulated 
mRNA level at 16 weeks after surgery. The up-
regulation of PEPT2 expression promotes the 
reabsorption of small peptides and peptide-like drugs 

Figure 2. Molecular structures of selected pharmacologically 
compounds that may serve as substrates of PEPT2. 1. 
unessential, preferentially a free -NH3

+; 2. unessential, 
hydrophobic s ide cha ins can increase a ff in i ty bu t 
stereoselectivity; 3. planar length-defined backbone from 
the N-terminal carbon to R2, with an incorporated backbone 
carbonyl function for hydrogen bonding; 4. unessential, can 
be modified; 5. unessential, only dipeptides and tripeptides 
with the trans-configuration can be transported; 6. unessential, 
can be modified; 7. unessential, hydrophobic side chains can 
increase affinity and stereoselectivity; 8. unessential, more 
can increase affinity; 9. non-required, can be modified; 10. 
unessential, preferentially hydrophobic residues to increase 
affinity and stereoselectivity; 11. unessential, can be replaced 
by stereoselective group.
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across the brush-border membranes during chronic 
renal failure (54). Similarly, Tramonti et al. reported 
that a reduction in renal mass increases the expression 
of peptide transporters (influx) and P-glycoprotein 
(efflux) located at the brush border of renal tubular 
epithelial cells (55).
 Sugiura et al. reported that the PDZ domain protein 
PDZK1 can affect the subcelluar localization and 
activity of PEPT2, thereby altering the membrane 
transport of various substrate compounds (56). Noshiro 
et al. also demonstrated that the capability of PDZK1 
to couple PEPT2 to the Na+/H+ exchanger NHE3 may 
provide the necessary lumen-to-cell proton gradient 
(57,58). Boehmer et al. demonstrated that the serum 
and glucocorticoid-inducible kinase SGK1 and the 
Na+/H+ exchange regulating factor NHERF2 activated 
PEPT2 by stabilizing the transporter at the cell surface 
(59). Wenzel et al. reported that a reduction in cytosolic 
Ca2+ levels decreases the mRNA and protein levels of 
PEPT2, and kinase C changed the kinetic property of 
pig PEPT2 in a renal cell line (60).
 And a few compounds also can inhibit the transport 
activity of PEPT2. These compounds include oral 
hypoglycemic agent nateglinide (61), the ACE 
inhibitor quinapril (28), cephalosporin (62), L-4,4′-
biphenylalanine-L-proline (36), and amastatin (63). 
The shortage of information about regulation limits the 
development of drugs and prodrugs that target PEPT2. 
Therefore, the relevant factors that influence regulation 
warrant further research.

4. Summary and Perspective

Although the number of peptide transporters is 
fewer than that of amino acid transporters, numerous 
investigations have shown that PEPT2 plays an 
essential role in the absorption and reclamation of small 
peptides produced from the digestion of dietary proteins 
(64). The extensive substrate specificities of PEPT2 
allow it to be exploited therapeutically for the delivery 
of peptides and peptidomimetic drugs in microbes 
and human (23). The design of many extant peptides 
and prodrugs is based on the substrates structure of 
the oligopeptide transporter to accelerate absorption 
via specific carrier proteins (65). Clinically relevant 
interactions between drugs and peptide transporter-
mediated drugs are beginning to become an important 
aspect in therapy and toxicology (66).
 Though PEPT2 appears to be a good target for 
the delivery of drugs because of the high affinity for 
peptides and drugs in tissues such as the kidney and 
lung, the structure of PEPT2 and related structure-
function relationships are still unclear. Previous 
research demonstrated that PEPT2-null animals can still 
survive, therefore, the exact role of PEPT2 warrants 
further investigations. 
 In conclusion, PEPT2 not only plays important 

physiological and nutritional roles but also demonstrates 
pharmacokinetic and pharmacological significance. 
Further molecular clarification of the drug recognition 
mechanisms of PEPT2 will provide useful information 
for drug design and delivery systems to improve the 
efficiency of drug therapy.
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1. Introduction

Legionella species, commonly found in the environment, 
are the major causative agents of Legionnaire's disease 
and Pontiac fever. They have been found to not only 
induce lung infection, but also to cause dysfunction 
of other organs, such as the heart, kidney and central 
nervous system (1). To date, more than 50 species of 

Legionella have been described (2). Among of them, 
20 species are recognized as human pathogens. L. 
pneumophila was identified as primary culprit for 
Legionnaire's disease. In recent years, several studies 
related to the presence of Legionella have been 
reported in southern Chinese cities, such as Guangzhou, 
Shenzhen, Jiangmen and Hong Kong (3,4). However, 
no data of Legionella from Macau were published. In 
May of 2010, a case of Legionella infection emerged, 
which was vigorously suspected to be caused by local 
Legionella species since the patient did not previously 
travel abroad. We investigated and detected the existence 
of Legionella in natural and artificial water environments 
in Macau in the summer (from May to July) of the same 
year. A total of 55 isolates of Legionella were isolated 
from air conditioning cooling towers, fountains and 

Summary In this study, we analyzed 7 virulence genes in 55 Legionella species (including 29 L. 
pneumophila and 26 non-L. pneumophila strains) which isolated from environmental water 
sources of the public facilities in Macau by using PCR and real-time PCR. In addition, 29 
Legionella pneumophila isolates were subjected to genotyping by sequence-based typing 
scheme and compared with the data reported. The detection rate of flaA, pilE, asd, mip, 
mompS, proA and neuA genes in the L. pneumophila were 100.0%, respectively. The neuA 
gene was not detected in the non-L. pneumophila strains, but flaA, pilE, asd, mip, mompS, 
and proA genes could be amplified with a positive rate of 15.4%, 15.4%, 53.8%, 38.5%, 
15.4%, and 38.5%, respectively. The results from real-time PCR were generally consistent 
with that of PCR. Those L. pneumophila strains were assigned into 10 sequence types (STs) 
and ST1 (9/29) was the dominant STs. Four new STs were found to be unique in Macau. 
The analysis of population structure of L. pneumophila strains which isolated from Macau, 
Guangzhou and Shenzhen indicated that the similar clones were existed and ST1 was the 
most prevalent STs. However, the distribution of the subtypes isolated from Macau was not 
the same extensive as those from Guangzhou and Shenzhen. The different detection rates 
of the 7 virulence genes in different species of Legionella might reflect their own potential 
for environmental adaptability and pathogenesis. And the data analyzed from STs diversity 
indicated the Macau L. pneumophila possessed obvious regional specificity and high genetic 
diversity.

Keywords: Sequence-based typing, population structure, phylogenetic relationship
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surface waters in public facilities of Macau (5). 
 In the present study, seven virulence genes (flaA, 
pilE, asd, mip, mompS, proA and neuA) responsible 
for the expression of adherence, invasion, colonization 
and cytotoxin production (6,7), were detected in all 55 
strains isolated from Macau. For comparison, the PCR 
and the real-time PCR were applied to detect the genes 
simultaneously. In addition, sequence-based typing 
(SBT), a powerful epidemiological method recognized 
by the European Working Group for Legionella 
Infections (EWGLI) as a "gold standard" tool, was used 
for the L. pneumophila strains. The population structure 
and phylogenetic relationship of L. pneumophila strains 
isolated from Macau were analyzed and compared 
to those from near cities such as Guangzhou and 
Shenzhen. This investigation will help us to learn 
more about the characteristics of the Macau Legionella 
isolates, provide the possibility to trace and control for 
a large area of epidemic and appropriate precaution 
strategy against Legionella infection. 

2. Materials and Methods

2.1. Legionella strains

A total of 55 Legionella strains were collected from 
43 water samples including air conditioning cooling 
towers (27 samples), fountains (13 samples) and surface 
waters (3 samples) in public sites of Macau. Legionella 
species were identified by serological agglutination 
with Legionella Latex Agglutination Kit (PRO-LAB, 
Weston, USA) based on manufacturer instructions and 
fatty acid analysis was performed with the Sherlock 
microbial identification system (software version 6.0, 
MIDI, USA; Microbial ID, Inc., Newark, Del).

2.2. Preparation of DNA

The strains were cultured with buffered charcoal yeast 
extract (BCYE) ager plates at 37°C in 5% CO2. A 
single colony of Legionella was picked from the plate 
and resuspended into 100 μL sterilized ultrapure water. 
DNA was then extracted by one thaw-freeze cycle 
(99°C for 10 min and 4°C for 5 min). After briefly 
centrifuged, the supernatant was measured with a 
spectrophotometry at 260 nm in triplicates using A260/
A280 ratio (NanoDropTM 1000, Thermo Scientific) 
then used as the DNA template for PCR and real-time 
PCR.

2.3. Detection of pathogenic genes by PCR and real-
time PCR

The PCR primers were based on EWGLI recommended 
(8,9). PCR conditions were the same as described 
by Gaia et al. (8) with minor modification. PCR was 
performed in a mixture (50 μL) consisting of 25 μL of 

2× SuperStar PCR mix (GenStar Biosolution, Beijing, 
China), 5 pmol each primers, 100 ng of the template. 
Sterile distilled water was added to make 50 μL. The 
products were detected by electrophoresis and purified 
using the DNA Gel Extraction Kit (Axygen USA). 
 To establish a more sensitive, higher speciality and 
easier operation detecting method, a real-time PCR 
was applied at the present study. The primers used 
in real-time PCR were designed based on sequences 
from GenBank accession numbers X83232 (flaA), 
AF048690 (pilE), AF034213 (asd), AJ496269 (mip), 
AF078136 (mompS), M32884 (proA) and AJ007311 
(neuA). The primers sequences were list in Table S1. 
For amplifications, 50 ng template was mixed with 12.5 
μL 2× SYBR Premix EX Taq™ II (Perfect Real Time, 
Takara, Japan), and 5 pmol each of the forward and the 
reverse primers in a final volume of 25 μL. The reaction 
conditions were 5 s at 95°C and 30 s at 60°C for 40 
cycles. Sterilized water was used as a template for the 
blank control for both PCR reactions.

2.4. Sequence-based typing

The purified PCR products were sequenced by Beijing 
Genomics Institute (Beijing, China). SBT using loci 
flaA, pilE, asd, mip, mompS, proA and neuA was 
performed according to the EWGLI scheme (8,9). 
Genotype analysis was based on the standard SBT 
method given by the EWGLI with these 7 genes. The 
nucleotide sequences obtained were confirmed by the 
SBT database available on the EWGLI website (http://
www.ewgli.org/), and the sequences were compared 
with those in the SBT database from the website (http://
www.hpabioinformatics.org.uk/legionella/legionella_
sbt/php/sbt_homepage.php).

2.5. Population structure and phylogenetic analysis

The minimum spanning trees (MST) were conducted by 
the BioNumerics software (version 7.1; Applied Maths, 
Kortrijk, Belgium). In MST, the ST that possesses the 
most number of single-locus variants is defined as the 
founder ST. The clusters of relative STs that originate 
from a common ancestor are considered as the clone 
groups or complexes. The single genotype that does 
not correspond to any other clone groups is classified 
as singleton. The sequence types are represented by 
the circles. The size of circle indicates the number of 
the particular strains. The relationship of the different 
circles is present with the connecting lines. 
 The concatenated sequence in phylogenetic analysis 
was prepared with the seven loci of the initial SBT 
scheme according to their locations on the chromosome 
by BioEdit (http://www.mbio.ncsu.edu/BioEdit/
bioedit.html). Based on the concatenated sequence, the 
evolutionary relationship between STs was conducted 
using the neighbour-joining method with Tamura 
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mompS, proA and neuA genes were 100% detected 
(Table 1). In 26 non-L. pneumophila, other genes 
included flaA, pilE, asd, mip, mompS, and proA which 
tested as 15.4%, 15.4%, 53.8%, 38.5%, 15.4% and 
38.5%. However, the neuA gene failed to amplify. The 
positive results of the three genes asd, mip and proA in 
non-L. pneumophila focused on the L. quateirensis and 
L. shakespearei strains. 
 For L. pneumophila strains, the results of real-time 
PCR were almost same as that of PCR, but the positive 
rate of flaA and mip genes were 93.1% and 96.5% 
(Table 1). The positive results for seven genes of non-L. 
pneumophila from real-time PCR exhibited some 
differences with that from PCR. Genes of flaA, asd, 
mip and proA showed a little lower sensitive while pilE, 
mompS and neuA genes were with more sensitive. In 
summary, the detection rates of seven genes were high 
in L. pneumophila strains and relatively low in non-L. 
pneumophila strains.

3.3. Sequence-based typing

The 29 environmental L. pneumophila strains could be 
divided into 10 STs (Table 2), including 3 singletons, 
in which one was ST752 and the other two were new 
STs (ST01 and 02). According to the EWGLI SBT 

3-parameter model by MEGA v5.05.

3. Results

3.1. Legionella isolates 

A total of 55 isolates of Legionella were isolated from 
air conditioning cooling towers (96.8%), fountains 
(1.8%) and surface waters (1.8%). Among them, L. 
pneumophila accounted for 29 isolates, approximately 
52.7% of all isolates, whereas Legionalla species other 
than L. pneumophila accounted for 47.3% of the total. 
Among the 29 L. pneumophila species, the serotype 
1 strains accounted for 44.8%, whereas serotype 14 
accounted for 55.2%.  L. feeleii was the dominant 
species (23.1%) among 26 non-L. pneumophila species, 
followed by L. shakespearei and L. quateirensis, which 
severally accounted for 19.2%. The above indicated that 
Legionella species were widely distributed in the public 
environment of Macau and L. pneumophila occupied 
the major proportion.

3.2. Different prevalence of pathogenic genes in 
Legionella species

In 29 L. pneumophila strains, flaA, pilE, asd, mip, 

Table 1. Detection rate of seven genes in Legionella strains isolated from Macao

Species

L. pneumophila
L. adelaidensis
L. rubrilucens
fluoribacter-gormanii
L. shakespearei
L. feeleii
L. wadsworthii
L.quateirensis

L. pneumophila
No-L. pneumophila

No. of 
strains

29
1
3
3
5
6
3
5

29
26

Pa

29
0
1
0
0
0
2
1

100
15.4

aPCR; bReal-time PCR.

Rb

27
0
0
0
0
0
2
0

93.1
7.69

P

29
0
0
2
0
0
0
2

100
15.4

R

29
0
0
1
2
0
0
2

100
19.2

P

29
0

3
5
0
3
3

100
53.8

R

29
0
0
0
4
0
1
0

100
19.2

P

29
0
0
0
5
0
0
5

100
38.5

R

28
0
0
0
3
0
0
3

96.5
23.1

P

29
0
1
0
1
1
0
1

100
15.4

R

29
0
1
0
3
4
0
4

100
46.2

P

29
0
0
0
5
0
1
5

100
42.3

R

29
0
0
0
4
0
3
3

100
38.5

P

29
0
0
0
0
0
0
0

100
0

R

29
0
0
0
3
2
0
0

100
19.2

                                                                 No. of positive strains

flaA           pilE  asd         mip                mompS        proA              neuA

                                                                                 Detection rate of seven genes with three different methods (%)

Table 2. Sequences-Based Typing of L. pneumophila strains from Macao

SBT type

1
160
566
752
1119
1417
01a

02a

03a

04a

flaA

1
11
16
22
2
8
11
11
1
11

pilE

4
14
4
4
10
6
14
4
4
4

a New ST type assigned by SBT database of EWGIL.

asd

3
16
3
3
14
34
16
16
3
16

mip

1
16
1
1
10
9
25
16
5
12

mompS

1
15
1
1
21
2
15
15
11
15

proA

1
13
1
1
4
8
13
13
1
13

neuA

1
9
1
1
3

209
206
9
15
9

Serotype (no.)

Lp1(5)LP14(4)
Lp1(1)Lp14(1)
Lp1(2)Lp14(1)

Lp1
Lp1
Lp14
Lp14
Lp1
Lp14

Lp1(1)Lp14(1)

No. of isolate

9
2
3
1
2
4
1
1
4
2
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database submitted in March 2014, there were four 
new STs unique to Macao. The ST with the largest 
number of isolates was ST1 (9/29, 31.0%), followed 
by ST1417 and ST03 (4/29, 13.8%), ST566 (3/29, 
10.3%), then ST160, ST1119 and ST04 (2/29, 6.9%). 
There were 36 alleles were identified across the 7 loci. 
At the individual loci level, mip gene provided the most 
alleles. Seven alleles were obtained from mip gene, 
whereas six alleles were obtained using flaA and neuA 
genes, five from the mompS gene, and four from pilE, 
asd and proA genes. The results revealed that ST1 was 
the main ST-type and mip gene showed greatest genetic 
diversity in Macau.

3.4. Population structure and Phylogenetic analysis

All 10 STs identified from Macau were analysed for 
their population structure with the minimum spanning 
trees (Figure 1). Among them, 8 STs formed two 
clone complexes, and the other 2 different STs were 
determined to be singletons with four or more gene 
variants. The ST1 complex was a bigger clone group, 
including four STs groups containing 17 isolates. ST1 
was suggested to be a primary founder, since there were 
9 ST1 (9/17, 52.9%), the highest number of isolates in 
the complex. The other three STs in the ST1 complex 
were either single-locus variant or double-locus variants 
to ST1. In the other clone group ST160 complex, there 
were 4 STs with 6 isolates. Three (ST01, 02 and 04) 
of four new STs unique to Macao were found in this 
complex, while ST03 belonged to the ST1 complex.
 The 29 strains in the study with the addition of 116 
isolates from Guangzhou (10), and 52 isolated from 
Shenzhen (11) were put together and analysed again 
with minimum spanning tree by the BioNumerics 
software (Figure 2). They were identified as 47 STs, 
of which, 43 STs were grouped into eight clonal 
complexes. The other 4 STs (ST59, 114, 238, 1054) 
were singletons. Only ST1, ST 160 and ST752 were 
found in the three areas. The isolates from Macau 
were distributed mainly in two large clone complexes, 
I and II. Only one Macau STs could be found in the 
complexes III and VIII. 
 Clone complex I, the largest clone group in these 
three cities, contained the ST1 complex from Macau. 
There were four main STs, ST150, ST154, ST159 
and ST160 in clone complex II, in which most of STs 
were single-locus or double-locus variants to ST154 

Figure 1. MST analysis of 29 L. pneumophila strains isolated 
in Macau. STs are represented by circles. The size of each 
circle indicates the number of isolates within this particular 
type; the STs are shown beside the circles and the number of 
isolates in each ST is shown in the circles. The branch distance 
is shown on the connecting line. This links STs or sets of STs 
with a branch distance less than or equal to 3 within a single ST 
complex.

Figure 2. MST analysis of 197 L. pneumophila strains isolated from Macau, Guangzhou and Shenzhen. STs are represented 
by circles. The size of each circle indicates the number of isolates within this particular type; the STs are shown beside the circles. 
The heavy solid black lines connect two types within a single variant locus, the light solid black lines connect double-locus variants, 
the light solid gray lines connect triple-locus variants, the gray dashed lines connect quadruple-locus variants, and the dotted lines 
connect variants over quadruple-locus. The branch distance is shown on the connecting line. The colors of the halo surrounding the 
STs denote types that belong to the same clonal group.
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or ST160. Clone complex III was another large group, 
which composed of the most STs with double-locus or 
triple-locus variants each other. The STs in the other 
four small clone complexes, IV to VII were from 
Shenzhen and Guangzhou, but not Macau.
 STs phylogenetic analysis was conducted using a 
neighbor-joining method with the Tamura 3-parameter 
model based on concatenated sequences of SBT 
alleles. Because ST01 and ST1417 were obtained 
the neuA allele with new primers, the results of their 
phylogenetic analysis were unfaithful. The other 

STs were divided into six groups (C1-C6) by the 
neighbor-joining analysis (Figure 3). These groups 
generally had a one-to-one correspondence with the 
six clonal complexes (complexes I to VI) determined 
by BioNumerics software. It was unexpected that the 
single C3 group identified by MEGA v5.05 contained 
both clonal complexes (III and VII). The distribution 
of Macau STs wasn't as wide as that of STs from near 
cities Guangzhou and Shenzhen, and ST1 was the 
preponderant STs among these three cities.

4. Discussion

We have previously studied the distribution and species 
of environmental Legionella isolates  from Macau in 
detail (5). In this work, our main objective has been to 
analyze the prevalence of seven virulence genes of this 
species and reveal the STs distribution of L. pneumophila 
isolates from Macau. Furthermore, the L. pneumophila 
isolates from Macau were compared with the isolates 
from Guangzhou and Shenzhen. Our findings revealed 
the high prevalence of these seven virulence genes in 
L. pneumophila strains and low prevalence in non-L. 
pneumophila. Additionally, our study also indicated that 
STs had several unique allelic profiles and ST1 is the 
predominant ST-type in Macau.
 The seven genes detected in this study are closely 
related to bacterial signal transduction, virulence, and 
adaptive capacity (6,12-14). The different detection 
rates of these genes revealed the relationships between 
each virulence gene or combinations of these genes 
and the various species of Legionella in Macau. The 
high prevalence of these genes in L. pneumophila 
strains and low prevalence in non-L. pneumophila 
strains might reflect their own ability to adapt to the 
external environment and their strong pathogenicity to 
human beings. Some reports have shown that non-L. 
pneumophila could cause a variety of organ dysfunction 
(15). However, studies focused on detection of 
virulence genes associated with non-L. pneumophila 
strains are rarely found. This study represents the first 
detection for these seven virulence genes from both L. 
pneumophila and non-L. pneumophila strains which 
might provide a reliable basis to evaluate the pathogenic 
potential of the strains and their adaptability to the local 
environment.
 In this study, the real-time PCR was also applied for 
its high level of efficiency and ability for specialization, 
as well as for its ability to multiply amplify the target 
genes and its ease of operation. The results from real-
time PCR were generally consistent with that of PCR. 
The data suggested that real-time PCR, instead of 
conventional PCR, should be used to detect these 
seven genes, especially for large-scale investigation. 
If the PCR products needed to be collected for other 
purposes, or used to perform a test to compare and 
verify the relevant multi-alleles, both tests could be 

Figure 3. Phylogenetic analysis of the L. pneumophila STs 
isolated from Macau, Guangzhou and Shenzhen. The tree 
was constructed with MEGA v5.05. STs of strains isolated 
from Macao are labeled by black triangles. The scale bar 
indicates genetic distances between sequences. The percentages 
of replicate trees in which the associated STs clustered together 
in the bootstrap test are shown next to the branches. The 
evolutionary distances are in the units of the number of base 
substitutions per site.
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used together. Since the primers designed for real-time 
PCR were not appropriate for all L. pneumophila and 
non-L. pneumophila strains, a future study is needed to 
further investigate this issue. 
 These 29 L. pneumophila isolates were classified 
with the method recommended by EWGLI and four 
new STs were found unique to Macau. Within the 10 
Macao STs, ST1 is the predominant ST-type (9/29, 
31.0%). The result was similar to the report in Japan 
where STI consisted of 29% of environmental isolates 
(16). In a recent study conducted in the United States, 
ST1 accounted for 25% and 49% of the number of the 
sporadic and environmental isolates, respectively (17). 
In one study conducted in England and Wales, ST1 
was the most frequent STs, accounting for 35% of the 
number of L. pneumophila environmental isolates (18). 
From the L. pneumophila serogroup 1 isolates from 
potable systems, cooling towers, and hot springs in 
China, ST1 were reported to be about 14.3%, to 53.1% 
and 92.3%, respectively (19). For L. pneumophila 
strains, ST1 (1, 4, 3, 1, 1, 1) is predominant in 
environmental samples, widely distributed around world 
(18,20,21). The Macau SBT analysis of L. pneumophila 
strains isolated from the public sites revealed the same 
ST-type characterization. 
 In the study, the loci mip and flaA offered more 
alleles in Macau's samples. The number of each allele 
presented by EWGLI from all over the world showed 
that the mompS locus provided the maximum number of 
alleles, neuA-Ah provided the next most, and mip, asd, 
proA and pilE, flaA provided the minimum. One report in 
South Korea showed that the mompS locus had the most 
alleles (2). Similarly, another study conducted in Canada 
obtained the same result that locus mompS provided 
the most alleles (22). However, one study on SBT of L. 
pneumophila strains in mainland China indicated that 
mip and flaA individually provided the most alleles in the 
isolates from cooling water and hot spring water (19). 
This might be attributed to the geographical correlation 
which could lead to the emergence of these results. 
Additionally, it might also reflect that the homology that 
exists between strains from Macau and mainland China. 
 Meanwhile, in order to understand the population 
structure and phylogeny of the L. pneumophlia strains 
isolated from Macau, the minimum spanning tree 
and the neighbor-joining method were respectively 
applied to compare Macau STs to those identified 
from nearby cities of Guangzhou and Shenzhen. All 
STs from these three cities were divided into eight 
clone complexes in the minimum spanning tree, and 
six groups could be seen by the neighbor-joining 
method. Consistent results from these two similar 
methods suggested that the phylogenetic analysis 
could be selected either individually or simultaneously. 
Among eight complexes generated in the minimum 
spanning tree, only four were related to Macau STs. 
The subtype distribution of L. pneumophlia strains 

isolated from Macau was not as extensive as that from 
other cities (20,22,23). However, in complex I, ST1 
from Macau was the major STs involved in, which 
reflects the concentration of local types. This supports 
that ST1 is the most common hereditary character of L. 
pneumophlia strains and extensively distributed all over 
the world. The majority of isolates from Macau kept 
also represented this distrubution. In this study, four 
new STs were found for the first time. It is convinced 
of that more new STs will be reported in further 
investigation. After a detailed study using phylogenetic 
analysis and population structure, the high diversity 
and specificity of L. pneumophlia strains isolated from 
Macau were observed. Since ST154 has been proven 
to be relevant to Legionnella epidemiology (1,2), the 
closely connected ST04, ST02 and ST160, should bring 
significant attention and research interest. 
 To summarize, this study enables, for the first 
time, the ability to realize the prevalence of seven 
virulence genes of Legionella in Macau, to characterize 
the L. pneumophila environment isolates with SBT 
methodology, and to create a database of Macau's 
L. pneumophila profiles for use in epidemiological 
surveillance efforts. The findings of this study also 
contribute to the EWGLI-SBT database and to the 
knowledge of L. pneumophila diversity in southern China. 
Further studies are needed to reveal the relationships 
between each pathogenic gene or combinations of these 
genes and the pathogenicity of Legionella, and to analyze 
the correlation between environmental and clinical strains 
of Legionella. 
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Table S1. Sequence of primers designed for detecting virulence genes used in real-time PCR

Gene

flaA
pilE
asd
mip
mompS
proA
neuA

Primer designed with the sequences downloaded from EWGLI (http://www.ewgli.org/) as a template. F forward, R reverse.

Primers (5'-3')

F: GATGCTACGTCTGCCTAT R: CCTGCGGTTCCACCTATT
F: CGATGCTCATGCCACATT R: CCGTTCGGAGTTGTTTGC
F: AAGCGGTTCATCTGGAGT R: TGCTGTGGGATAACTTGC
F: AAATGCCATCGTTCCTG R: AGAAGCTGCGAAATCAGT
F: TGCCATCGTTCCTGAGTT R: GACCAGAAGCTGCGAAAT
F: GGTGCTGTAGTTTCAACG R: GTGGCATTCTTACTGTGC
F: TGCCTTGCAGTCGTCTTG R: TCCGTGGCTAAATCTTCC

Product size (bp)

119
120
119
164
164
143
123

Supplemental data
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1. Introduction

Influenza is a common acute respiratory infectious 
disease in humans. Influenza epidemics result in millions 
of infections worldwide, including an estimated 250,000 
to 500,000 deaths per year (1). The influenza virus is 
divided into three types (i.e., A, B, and C) according 
to the antigenic difference of the viral nucleoprotein 
and the matrix protein. The vast majority of influenza 
cases are caused by the influenza virus types A or B. 
Influenza C seldom results in infection and pandemics (2). 

Vaccination is the most effective prophylaxes to control 
the spread of influenza. Influenza vaccine antigens (HA, 
NA), especially the HA antigen, can induce protective 
neutralizing antibodies and have a very important role 
in immunity. Given that the HA antigen often continues 
to mutate (including antigenic drift and shift), the choice 
of vaccine strain should also result in a corresponding 
change; otherwise, the vaccine prevention effect cannot 
be assured, even without much effect (2-4). Inactivated 
vaccines produced in embryonated hen eggs have several 
serious disadvantages (e.g., egg supply, matching vaccine 
strains, unwanted antigenic variants, and contamination 
with egg derived protein) that may decrease vaccine 
efficiency (5). Ideally, a flu vaccine should contain 
epitopes conserved in all influenza isolates to be effective 
against all strains of influenza A (6).
 The influenza virus matrix protein 2 (M2) is the third 

Summary The extra domain of influenza M2 protein (M2e) is almost completely conserved among all 
influenza A virus subtypes. M2e is a promising candidate target for the development of a 
broad-spectrum recombinant influenza A vaccine. However, the immunogenicity of M2e needs 
to be improved. Copy numbers of M2e and its fusion expression with different carrier proteins 
may affect its immunopotency. In this study, we designed and created different constructs 
through genetic fusion of M2e (MSLLTEVETPTRSEWECRCSDSSD) (A/California/05/2009 
(H1N1)) with the N-terminus (HBcAg1−149aa+Cys) by insertion in the N-terminus Hepatitis 
B Core (HBc) antigen 1−149aa and Middle 78-81aa of HBcAg1-149aa to construct a 
recombinant M2e-based vaccine candidate. These chimeric sequences were expressed in 
Escherichia coli. We constructed fusion proteins containing influenza A H1N1 influenza virus 
(2009), as well as one, two, and three copies of M2e and hepatitis B core antigen1-149aa amino 
acid-optimized codon inserted N and its intermediate. The recombinant protein was expressed 
and purified. Western blot analysis was employed to evaluate the expression of the M2e 
recombinant protein containing different copy numbers of M2e. Mice were immunized for 
two times with the purified fusion protein HBc/M2e BALB/c. Serum levels of M2e antibody 
gradually increased along with increase in immunity. The levels of different fusion protein 
M2e antibodies increase with increasing M2e copy number. In addition, the protein antibody 
level in the N terminal fusion protein is higher than that in intermediate fusion.

Keywords: Influenza A (H1N1), M2e, HBc, vaccine
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outer membrane protein. The extracellular domain of M2 
(M2e) contains 23 amino acids at the N end of influenza 
A virus M2 and is highly conserved in the influenza 
A virus, particularly in subtypes of human influenza A 
virus (7-8). At present, no significant difference has been 
found among the M2e proteins of all influenza A viruses 
in population prevalence. Antibodies specific to M2e 
can provide a cross-protective effect against different 
subtypes. Passive immunization with these antibodies 
has reduced viral replication in the lungs of mice infected 
with influenza A virus (9). Therefore, the development 
of a universal influenza vaccine that can provide cross-
protective effect against different subtypes has attracted 
considerable research interest (10-12).
 M2e is poorly immunogenic during natural infection 
(13). However, some approaches can be applied to 
enhance its immunogenicity. M2e has been linked to 
different carriers, including hepatitis B virus core (HBc) 
(14,15), TLR5 ligand flagellin (16), keyhole limpet 
hemocyanin (17), and virus-like particles (VLPs) (18-
20). These M2e-based vaccines could provide highly 
effective protection in animal models. Fusion proteins 
containing different copies of M2e epitope have 
demonstrated that high epitope density significantly 
enhances M2e-specific immunogenicity and protection 
(8). These studies have provided methods to enhance 
the immunogenicity of the M2e epitope. Nevertheless, 
studies on enhancing the immunogenicity of M2e-
based vaccines in inducing better protective responses 
are important. Increasing epitope density enhances 
humoral immune response in systemic immunization. 
When M2e is linked to an appropriate carrier, such as 
HBc particles, the immunized mice achieve complete 
protection, which increases with the copy numbers of 
M2e epitope carried on the VLPs (21-23). However, 
regardless of epitope density, determining the effects 
of different M2e sequences, insertion position in the 
HBcAg, and type of HBcAg on the level of antibodies 
and its immunopotency is necessary. The emergence of 
the new influenza virus A strain H1N1 originated form 
swine in the human population in 2009 has demonstrated 
the potential pandemic threat of influenza viruses (24). 
 In this study, we designed and created a number 
of different constructs through genetic fusion of 
M2e (MSLLTEVETPTRSEWECRCSDSSD) (A/
California/05/2009 (H1N1)) with the N-terminus 
and middle 78-81aa of (HBcAg1−149aa+Cys) by 
insertion in the immuno-dominant loop of HBc antigen 
(HBcAg1−149aa+Cys). These chimeric sequences 
were expressed in Escherichia coli, purified, and then 
analyzed as a recombinant fusion protein.

2. Materials and Methods

2.1. PCR amplification and DNA cloning

The fragment containing M2e (MSLLTEVETPTRSEWE

CRCSDSSD 24 aa) gene and HBcAg1-149aa+Cys was 
amplified through PCR with the T7 primers from the 
CMM3/CMN3 plasmid, which carries the M2e gene 
from the influenza A virus (A/California/05/2009(H1N1)) 
and HBcAg(1-149aa+Cys) (Figure 1). 
 PCR was carried out in a 50 μL reaction mixture 
containing 2× Pre-mix (25 μL), specific primers (10 pmol), 
1.0 U of pfu DNA polymerase (Takara Biotechnology 
(Dalian) Co., Ltd., China), and 100 ng of CMM3/CMN3 
plasmid as template. Amplification program was set at 
94°C for 5 min, followed by 35 cycles at 94°C for 30 
s, 53°C for 45 s, 72°C for 1 min, and a final extension 
at 72°C for 5 min. The resulting PCR products were 
analyzed using 1.0% (w/v) agarose gel electrophoresis.
 The amplified fragments, M2e and HBcAg(1-
149aa+Cys), were gel-purified using high purity PCR 
product purification kit (Roche, Germany) and digested 
with BglII and XhoI restriction enzymes. The fragments 
that underwent electrophoresis and gel-purification 
were named F-CMM3 and F-CMN3.
 The pET30a-CMM1 and pET30a-CMN1 plasmid 
DNA were digested with BamHII and XhoI restriction 
enzymes, analyzed, and then gel-purified using the same 
methods as described above. The products were again 
gel-purified and ligated using T4 DNA ligase (Takara 
Biotechnology (Dalian) Co., Ltd., China) to form a 
recombinant vector named pET30a-CMM13/CMN13, 
which contains two copies of M2e. The pET30a-CMN13 
and pET30a- CMM133 were identified using PCR 
(Figure 2).
 The identified pET30a-CMN13 and pET30a-
CMM133 were digested with BamHII and XhoI 
restriction enzymes, analyzed, and the large fragment 
was gel-purified using the same method as described 
above. The digested and purified large fragments 
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Figure 1. Contraction of the recombinant fusion gene.
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using sequencing reaction.

2.3. Expression and purification of recombinant protein 
in BL21(DE3)

CMN1,  CMM1,  and  CMN133CMN133  were 
respectively transformed into BL21 E. coli .  A 
single colony was picked and grown in 3.5 mL LB 
supplemented with 30 mg/mL Kanamycin, and shaken 
for 16 h at 37°C and 200 rpm. A 500 μL culture was 
added with 500 μL of 15% (v/v) sterile glycerol 
and stored at 20°C. To express CMN1, CMM1, and 
CMN133CMN133, each tube (35 μL) of glycerol stock 
was expanded to a starter culture of 3.5 mL LB+Kana 
and shaken overnight at 37°C. The culture was then 
expanded to 1000 mL LB+Kana induction, and grown 
to OD600 0.5 at 37°C. Protein expression was induced 
with 30 μM isopropyl β-D-1-thiogalactopyranoside 
(IPTG) for 6 h. The culture medium (1 mL) was 
sampled for assessment of expression using sodium 
dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE).
 The cells were harvested and re-suspended in a 300 
μL of 0.05 M PB buffer. After incubation, the cell wall 
was disrupted by ultrasonication (Branson sonifier 450) 
for 30 min at 250% to 300%, 550 W, with 10 s pulses 
and 5 s pauses for each cycle; the entire process was 
executed on ice. The broken cells were centrifuged at 
10,000 g for 20 min at 4°C to separate the soluble and 
insoluble proteins. The insoluble protein or inclusion 
body was dissolved in the denaturing solubilization 
buffer (50 mM NaH2PO4, 300 mM NaCl, 8 M urea, pH 
8.0). The soluble protein and dissolved-inclusion body 

of pET30a-CMN13, F-CMM3, and F-CMN3 were 
respectively ligated using T4 DNA ligase to form 
recombinant vectors named pET30a-CMN133 and 
pET30a-CMN133, which contain three copies of M2e 
and one copy of HBcAg(1-149aa+Cys). The connected 
product was transformed to DH5a E. coli. The pET30a-
CMN133 and pET30a-CMM133 fragments were 
identified using PCR (Figure 3).

2.2.  Transformation of  BL21 and selection of 
transformants

Recombinant vectors were purified from the transformed 
cells under the selection of 30 mg/mL Kanamycin 
antibiotics (Takara Biotechnology (Dalian) Co., Ltd., 
China) and after the restriction analysis was confirmed 

Figure 2. Schematic of the construction of M2e tandem copies.

Figure 3. PCR analysis of the constructed CMN133 and 
CMM133 plasmid on 1.0% (w/v) agarose gel. M: DL2000 
DNA Marker; 1: CMM133; 2: CMM13; 3: CMM1; 4: 
CMN133; 5: CMN13; 6: CMN1.



www.biosciencetrends.com

BioScience Trends. 2015; 9(4):221-227.224

were analyzed using 12% SDS-PAGE. The presence of 
tagged-6×His fused recombinant protein was further 
confirmed using Western blot.

2.4. Purification of fusion protein 

The recombinant  protein CMN1, CMM1, and 
CMN133CMN133 with 6×His tagged at the C-terminus 
was purified by affinity chromatography under 
denaturing conditions. A column containing 1 g of 
nickel sulfate was equilibrated with four bed volumes 
of denaturing solubilization buffer. The solubilized-
inclusion body was diluted at a ratio of 1:2 in the 
denaturing solubilization buffer containing 20 mM 
imidazole before being added into a column and being 
allowed to flow by gravity. The resin was washed thrice 
using four bed volumes of denaturing solubilization 
buffer containing 20 mM imidazole and one bed 
volume of denaturing solubilization buffer containing 
50 mM imidazole. The recombinant CMN1, CMM1, 
and CMN133CMN133 were separated using 12% SDS-
PAGE through a discontinuous Tris-glycine buffer 
system (pH 8.3).

2.5. SDS-PAGE and Western blot analysis

Protein samples were separated using 12% SDS-
PAGE. The gel was stained with Coomassie brilliant 
blue R-250 and a broad-range low molecular weight 
marker (Takara Biotechnology (Dalian) Co., Ltd., 
China) was used to estimate protein size. For Western 
blot analysis, separated proteins were transferred onto 
a polyvinylidene difluoride (PVDF) membrane using 
transfer buffer (39 mmol/L glycine, 48 mmol/L Tris 
base, 0.037% SDS) and was incubated in the blocking 
buffer (0.01 M TBS pH 7.4, 3% bovine serum albumin) 
for about 30 min. Subsequently, the membrane was 
washed for five times with a washing buffer (0.01 M 
TBS pH7.4, 0.1% Tween 20), and then with ddH2O. 
The membrane was then probed with horse-radish 
peroxidase-conjugated anti-penta-His Ab (Sangon 
Biotech (shanghai) Co., Ltd., China) for 30 min, and 
then washed again with washing buffer and deionized 
water. The PVDF membrane was dyed in the solution 
[30 mL of ddH2O, 200 μL of 1.5 M Tris base (pH8.8), 
200 μL of 1.0 M Tris base (pH 6.8), 200 μL of NiSO4, 
100 μL of H2O2, and 10 mg of diaminobenzidine 
(DAB)]. Protein bands were revealed by their exposure 
to substrate DAB (Sangon Biotech (shanghai) Co., Ltd., 
China).

2.6. Immunization

Female Balb/C mice (45 day-old) were intraperitoneally 
immunized with CMN1, CMN133, CMM1, and 
CMM133 (100 μg/per mouse) in incomplete Freund's 
adjuvant, aluminum adjuvant, or PBS at a final volume 

of 200 μL. The animals were randomly divided into 
five groups (i.e., PBS, CMN1, CMN133, CMM1, and 
CMM133), with 10 mice in each group. A booster 
immunization was administered with the same 
immunogen after two weeks. Sera were collected 14 
days after final immunization. Two immunizations were 
administered two weeks apart.

2.7. Antibody detection

The M2e-specific antibodies were detected using 
enzyme-linked immunosorbent assay (ELISA). 
Briefly, 96-well microtiter plates were coated with 50 
μL of M2e peptide (5 μg/mL) in PBS for 2 h at room 
temperature and blocked with PBS containing 0.25% 
gelatin. Serum samples were serially diluted and added, 
followed by 1 h of incubation at room temperature. 
After extensive washes, the bound antibodies were 
detected sequentially by adding 1:2,000 diluted horse-
radish peroxidase-linked anti-mouse antibodies and 
substrate o-phenylenediamine dihydrochloride peroxide 
solution (Sangon Biotech (shanghai) Co., Ltd., China). 
Absorbance at 450 nm was recorded.
 Identification of the isotypes of M2e-specific 
antibodies was carried out as previously described (25).

3. Results

3.1. Construction of recombinant fusion plasmid, 
pCMN133

Influenza A virus M2e and HBc (HBcAg1-149aa+Cys) 
fusion genes were PCR amplified using T7 sequence 
primers from pET30a CMN3 plasmid. The purified 
fusion genes (named FM2EHBV) and pET30a CMN1 
were digested, purified, and combined to form the 
fusion gene, pET30a-CMN13, which encoded two 
copies of M2e and HBcAg1-149aa+Cys protein in a 
single open reading frame (ORF). FM2EHBV digested 
with BglII and XhoI restriction enzymes and the 
purified large fragment of pET30a-CMN13 digested 
with BamHI and XhoI were combined to form the 
fusion gene pET30a-CMN13 3, which encoded three 
copies M2e and HBcAg1-149aa+Cys protein in a single 
ORF (Figure 2).
 Cloning of three copies of M2e-HBcAg1-149aa+Cys 
sequence into the multiple cloning site of pET30 plasmid 
resulted in the expression of a larger fusion protein that 
contained His-tag and -linker (9aa: GGGGSGGGG).

3.2. Expression, purification, and confirmation of 
recombinant M2e-HBc fusion protein

M2e-HBc/6×His gene in E. coli cells was confirmed 
using PCR and gene-specific primers. Several 
confirmed colonies were further induced for expression 
of the fusion protein under the direction of a Lac 
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promoter by adding IPTG. The culture was sampled 
after being induced for 4 h for the final analysis using 
SDS-PAGE. As illustrated in Figure 4, a protein band 
corresponding to the expression of the recombinant 
fusion protein with an approximate molecular weight 
of 30 kDa was detected in all three samples, but 
was absent in the uninduced cells. However, the 
recombinant protein expression was slightly higher. 
Moreover, the fusion of vector-derived 6×His tag to 
the C-terminus of the expressed protein provided the 
possibility of its one-step purification through the Ni-
NTA columns (Figure 4).

3.3. Confirmation of the recombinant M2e-HBc fusion 
protein

To confirm the purified protein, the purified recombinant 
proteins CMN1, CMN133, CMM1, and CMM133 were 
transferred to a PVDF membrane and treated with M2e 
monoclonal antibody. A band with the expected size 
(23 and 30 kDa) was revealed in the lane of the purified 
protein, which corroborated its accuracy, as shown in 
Figure 5. A single copy and three copies of the protein 
were successfully expressed and had the antigenicity of 
M2e.

3.4. ELISA result

To detect four kinds of purified protein using ELISA, 
the purified single copy and three copies of the fusion 
protein were coated and detected using anti M2e 
monoclonal antibody preparation, with four kinds of 
fusion proteins from 1:10,000, 1:20,000, 1:40,000, 
1:80,000, and 1:160,000. The results (Figure 6) showed 
that the fusion protein in dilution 1:40,000 were active, 
and that a single copy of the fusion protein exhibited 
activity below three copies of protein. The three copies 
of protein in the N-terminus fusion protein were slightly 
higher than that in the middle of the insertion of the 
HBc antigen protein.

3.5. Detection of serum titer of mice

The titer of the serum anti-M2e antibody was detected 
using indirect ELISA two weeks after each immunization 
and before the final immunization. This was executed 
after the mice have been immunized with purified single 
copy and three copies of M2e protein. The experimental 
results showed that the CMN1, CMN133, CMM1, and 
CMM133 groups could produce anti M2eIgG antibody 
in the induced mice. The antibody titer increased with 
the number of strengthening immunity. The three copies 
of M2e were significantly better than the single copy at 
two weeks after the first immunization. No significant 
differences were observed between CMN1 and CMM1 
and CMM133 and CMN133. Alternatively, significant 
differences were observed among the antibody titer of 
CMN1, CMM1, CMN133, and CMM133 at four weeks 
after the final immunization (Figure 7).

Figure 4. Analysis of recombinant M2e HBV/6×His fusion protein in the culture media by SDS-PAGE. Lane 1: Marker. Lane 2: 
Sample from CMN133 E. coli prior to IPTG induction. Lane 3: Supernatant from CMN133 E. coli after 4 h of IPTG induction. Lane 
4: Sediment of from CMN133 after 4 h of IPTG induction. Lane 5: Sample from CMN13 E. coli prior to IPTG induction. Lane 6: 
Supernatant from CMN13 E. coli after 4 h of IPTG induction. Lane 7: Sediment from CMN13 E. coli after 4 h of IPTG induction. Lane 
8: Sample from CMN1 E. coli prior to IPTG induction. Lane 9: Supernatant from CMN1 E. coli after 4 h of IPTG induction. Lane 10: 
Sediment from CMN1 E. coli after 4 h of IPTG induction. Lane 11: Marker. Lane12: Sample from BL21 (DE3). Lane 13: Supernatant 
from CMM133 after 4 h of IPTG induction. Lane 14: Sediment from CMM133 after 4 h of IPTG induction. Lane 15: Supernatant of from 
CMM13 after 4 h of IPTG induction. Lane 16: Sediment from CMM13 after 4 h of IPTG induction. Lane 17: Supernatant from CMM1 
after 4 h of IPTG induction. Lane 18: Sediment from CMM1 after 4 h of IPTG induction.

Figure 5. Western blot of the purified recombinant 
protein.

Figure 6. ELISA detection of M2e.
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4. Discussion

M2e-based universal influenza vaccines have attracted 
research interest because of the highly conservative 
character of the sequence of M2e membrane protein 
in all influenza A isolates (20). Results of several 
preclinical studies with M2e protein, with or without 
carriers, have already proven the successful protection 
of M2e-based vaccinated animal models against the 
lethal challenge of heterologous and homologous 
influenza A virus. 
 HBc particles have been used as virus-like display 
scaffolds since 1980s (26). In the last 30 years, the most 
successful application of this scaffold is the influenza 
vaccine ACAM-FLU-A produced by Sanofi Pasteur 
and the malaria (Plasmodium falciparum) vaccine 
MalariVax (ICC-1132) produced by Apovia (27,28). 
These particles have been expressed in E. coli with the 
HBc as the foreign insertion site, and they have already 
been subjected to phase I clinical trials.
 However, the M2e-based immunization effect 
against influenza virus differs under various conditions 
of expression strategy, immune pathway, and animal 
model. Host-specific variations were also observed 
in M2e sequences among influenza strains from 
different hosts. Thus, evaluating whether M2e-based 
immunization could provide protection against the 2009 
pandemic H1N1 is necessary. 
 In this study, we successfully constructed the 
aforementioned plasmids bearing one copy, three 
copies of M2e, and HBc (HbcAg1-149aa+Cys). These 
fusion proteins were expressed in E. coli. Considering 
the senior conformation and structural features of M2 
protein, the linker arm of GGGGSGGGG in the fusion 
proteins was located between M2e and HBc (HBcAg1-
149aa+Cys). A single cysteine residue was added to the 
C-terminus to provide additional stabilization (29). All 
of the purified proteins of CMN1, CMM1, CMN133, 
and CMM133 in incomplete Freund's adjuvant can 
induce production of IgG antibody against M2e. Higher 
epitope density engendered higher antibody levels. The 
ELISA showed that the increase in M2e copies results 

in an increase in level of the immune serum antibody. 
The insertion position of M2e in the HBc affects the 
antibody level.
 In conclusion, our study provided evidence for 
the construction of the M2e-HBcAg1-149aa+Cys 
fusion sequence. The sequence had been successfully 
expressed in E. coli, and the purified protein induced 
the production of antibodies against M2e. These 
fusion proteins are potential candidates for developing 
influenza vaccine. However, further investigation is 
necessary to evaluate the in vivo protective potential of 
the resulting protein.
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Products of dentin matrix protein-1 degradation by interleukin-
1β-induced matrix metalloproteinase-3 promote proliferation of 
odontoblastic cells
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1. Introduction

Because matrix metalloproteinases (MMPs) are able 
to process virtually any component of the extracellular 
matrix (ECM), including collagen, laminin, and 
bioactive molecules, it has been suggested that MMPs 

may be important in inflammatory conditions, such as 
rheumatoid arthritis, metastasis and periodontitis (1,2). 
In particular, MMP-3 (known as stromelysin-1) has a 
wide substrate specificity and is capable of degrading 
many types of ECM proteins, such as collagen types 
II, III, IV, IX, and X, proteoglycans, fibronectin, 
laminin, and elastin (1,2), rendering MMP-3 crucial in 
connective tissue and bone remodeling (3,4). However, 
while it is intuitive that dental pulp destruction may 
be a function of MMPs, our previous study reported 
that MMP-3 actually accelerates wound healing 
following dental pulp injury (5,6). This observation 
indicates that MMP-3 may instead be involved in ECM 

Summary We have previously reported that interleukin (IL)-1β induces matrix metalloproteinase 
(MMP)-3-regulated cell proliferation in mouse embryonic stem cell (ESC)-derived 
odontoblast-like cells, suggesting that MMP-3 plays a potentially unique physiological role 
in regeneration by odontoblast-like cells. MMPs are able to process virtually any component 
of the extracellular matrix, including collagen, laminin and bioactive molecules. Because 
odontoblasts produce dentin matrix protein-1 (DMP-1), we examined whether the degraded 
products of DMP-1 by MMP-3 contribute to enhanced proliferation in odontoblast-like 
cells. IL-1β increased mRNA and protein levels of odontoblastic marker proteins, including 
DMP-1, but not osteoblastic marker proteins, such as osteocalcin and osteopontin. The 
recombinant active form of MMP-3 could degrade DMP-1 protein but not osteocalcin and 
osteopontin in vitro. The exogenous degraded products of DMP-1 by MMP-3 resulted in 
increased proliferation of odontoblast-like cells in a dose-dependent manner. Treatment 
with a polyclonal antibody against DMP-1 suppressed IL-1β-induced cell proliferation to 
a basal level, but identical treatment had no effect on the IL-1β-induced increase in MMP-
3 expression and activity. Treatment with siRNA against MMP-3 potently suppressed the 
IL-1β-induced increase in DMP-1 expression and suppressed cell proliferation (p < 0.05). 
Similarly, treatment with siRNAs against Wnt5a and Wnt5b suppressed the IL-1β-induced 
increase in DMP-1 expression and suppressed cell proliferation (p < 0.05). Rat KN-3 cells, 
representative of authentic odontoblasts, showed similar responses to the odontoblast-like 
cells. Taken together, our current study demonstrates the sequential involvement of Wnt5, 
MMP-3, DMP-1 expression, and DMP-1 degradation products by MMP-3, in effecting IL-
1β-induced proliferation of ESC-derived odontoblast-like cells.
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degradation, especially in dentin, and in the subsequent 
morphogenesis, wound repair (5,6) and angiogenesis 
(5-7) of the inflamed tissue.
 Interleukin (IL)-1β detected in inflamed dental 
pulp, is associated with periapical disease (8) and 
is apparently essential to the pathogenesis of acute 
pulpitis. Notably, treatment with IL-1β induces potent 
expression of MMP-3 in dental pulp, a tissue that 
contains large numbers of odontoblasts (7). We also 
reported that proinflammatory cytokine IL-1β-induced 
MMP-3 activity is associated with cell proliferation 
of purified odontoblast-like cells derived from mouse 
embryonic stem cells (ESCs) and induced pluripotent 
stem cells (iPSCs) (9,10). Thus, IL-1β-induced MMP-
3 appears to be pivotal in the pathophysiology of 
inflamed dental pulp containing rich odontoblasts. 
However, the signaling cascade underpinning this 
stimulation is yet to be elucidated.
 Because performing experiments using purified 
odontoblast-like cells derived from mouse iPSCs 
(11) and ESCs (12), we have developed excellent in 
vitro models in which to examine the mechanisms of 
wound healing following exposure to proinflammatory 
cytokines (9,10). We have also previously reported that 
a proinflammatory cytokine mixture of IL-1β, tumor 
necrosis factor-α, and interferon-γ, or IL-1β alone, can 
induce MMP-3 activity in rat dental pulp cells, and 
result in a potent increase in cell proliferation (13,14). 
Taken together, these studies suggest that MMP-
3 induced by the proinflammatory cytokine IL-1β 
contributes to the pathophysiology of inflamed dental 
pulp containing rich odontoblast cells.
 It is unclear how IL-1β cytokine-induced MMP-
3 regulates odontoblast-like cell proliferation. Recent 
reports demonstrate that IL-1β-induced MMP-3 is 
associated with the secreted glycoprotein Wnt signaling 
pathway (15). We have also demonstrated that IL-1β-
induced MMP-3-regulated proliferation of mouse ESC-
derived odontoblastic cells is mediated by the Wnt5a- 
and 5b-signaling pathways (16). Although compelling 
evidence remains to be shown, we speculate that an 
ECM-derived degradation product generated by MMP-
3 might induce cell proliferation; however, the substrates 
of MMP-3 that induce cell proliferation remain to be 
identified. 
 Odontoblasts are essentially dentin-secretory cells that 
produce pre-dentin, an ECM formed by type I collagen 
as the major organic component (about 90%), together 
with noncollagenous proteins, including glycoproteins, 
proteoglycans, and dentin phosphoproteins, such as 
dentin matrix protein-1 (DMP-1), which constitute 
relatively specific markers for dentin (17,18). Therefore, 
odontoblasts are surrounded by collagen and dentin 
matrix proteins. A recent report has demonstrated that 
ECM, especially the dentin matrix protein component, 
contains functional proteins that have been previously 
defined as solely intracellular (19). However, DMP-

1, which has a role in matrix mineralization, can act as 
both an intra- and extracellular-signaling molecule, thus 
impacting odontoblast differentiation (20,21). To date, 
functional data, especially in respect to the proliferative 
roles of MMP-3 signaling and DMP-1 in mouse 
odontoblasts, remains scarce. Therefore, further studies 
are required to completely understand the intracellular 
role of DMP-1 in odontoblasts.
 Here, we examine whether DMP-1 degradation 
products by MMP-3 are associated with the proliferation 
of odontoblasts, as may be encountered in inflamed 
dental pulp. We show for the first time, that MMP-
3 up-regulates dentin matrix protein degradation in 
our odontoblast-like cells, and leads to increased cell 
proliferation.

2. Materials and Methods

2.1. Products

Mouse recombinant IL-1β was obtained from PeproTech 
(Rocky Hill, NJ, USA). Mouse recombinant DMP-1 
and osteopontin were obtained from R&D Systems Inc. 
(Minneapolis, MN, USA) and osteocalcin was obtained 
from Uscn Life Science Inc. (Wuhan Hubei, China). 
Anti-DMP-1 polyclonal antibody was obtained from 
Abcam (ab103203; Cambridge, UK). Recombinant 
mouse MMP-3 (Pro-form) was obtained from R&D 
Systems Inc., and was activated by treating with 1 mM 
4-aminophenyl mercuric acetate in all experiments.

2.2. Cell culture

The mouse ESC cell line, E14Tg2a (22), was a kind gift 
from Dr. Randall H. Kramer (University of California 
San Francisco, San Francisco, CA, USA) and was 
maintained as described previously (23). Purified 
ESC-derived odontoblast-like cells were obtained 
as previously reported (12). These differentiated 
cells displayed odontoblast-like physiological 
characteristics, for example calcification activity and 
alkaline phosphatase activation, up to day 21 of culture. 
Authentic rat odontoblast-like cells (KN-3) (24) were 
kindly provided by Dr. Chiaki Kitamura (Kyushu Dental 
College, Kitakyushu, Japan) and were maintained 
as described previously (24). Mouse osteoblast-
like MC3T3-E1 cells were obtained from the Riken 
BioResource Center Cell Bank (Ibaraki, Japan) and were 
cultured as previously described (25,26). These cells 
were used throughout the study as a negative control.

2.3. Cell proliferation assay

Cell proliferation was evaluated using the BrdU-cell 
proliferation enzyme-linked immunosorbent assay 
(ELISA; Roche Applied Science, Mannheim, Germany) 
as described previously (25,26). Cells were seeded 
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no significant cross-reactivity with other MMPs (data 
not shown). Visualization and quantification of blotted 
protein bands were performed with Multi Gauge-Ver3.X 
software (Fujifilm, Tokyo, Japan).

2.6. Measurement of MMP-3 activity

The protocol for measuring MMP-3 activity has 
been described previously (10,13,16,27) and is now 
a commercially available MMP-3 activity assay kit 
(SensoLyte™ 520 MMP-3 assay kit; AnaSpec, San 
Jose, CA, USA). Prior to detection, MMP-3 was 
immunoprecipitated from the culture medium using 
a goat anti-MMP-3 antibody (sc-6839, Santa Cruz 
Biotechnology Inc.) and protein A/G–agarose for 6 h 
at 4°C. After centrifugation, the agarose pellets were 
suspended in an MMP-3 assay buffer containing the 
MMP-3 substrate, 5-FAM-Arg-Pro-Lys-Pro-Val-Glu-
Nva-Trp-Arg-Lys- QXL™520-NH2 fluorescence 
resonance energy transfer peptide, as supplied in the 
assay kit. MMP-3 activity was then determined according 
to the manufacturer's instructions (28).

2.7. Silencing of Wnt5a, Wnt5b and MMP-3 genes by 
siRNA transfection

The Wnt5a, Wnt5b and MMP-3 siRNAs for gene 
silencing were acquired commercially (sc-41113, 
sc-155357 and sc-37265, respectively; Santa Cruz 
Biotechnology Inc.) and transfected into cultured 
cells using a siRNA reagent system (Santa Cruz 
Biotechnology Inc.) according to the manufacturer's 
protocol. An anti-GAPDH siRNA and an anti-control 
siRNA, with no known homogeny for any vertebrate 
sequence (Thermo Scientific, Lafayette, CO, USA), were 
used as positive and negative controls, respectively.

2.8. Statistical analysis

Data presented in bar graphs are the mean ± standard 
deviation (S.D.) of four independent experiments. 
Statistical significance was assessed using the Mann-
Whitney U-test. A value of p < 0.05 was considered as 
statistically significant.

3. Results

3.1. IL-1β induction of DMP-1 mRNA and protein 
expression

The ESC-derived odontoblast-like cell line was cultured 
in the presence of four concentrations of IL-1β (0, 0.25, 
2.5, and 25 ng/mL). Induction of DMP-1, osteocalcin, 
and osteopontin mRNA and protein were assessed 
using real-time qPCR (Figures 1A-1C) and western blot 
analysis (Figures 1A-1C, far lower panels), respectively. 
mRNA and protein levels of the odontoblastic marker 

into 96-well tissue culture plates at a density of 1 × 105 
cells/cm2.

2.4. Real-time quantitative polymerase chain reaction 
analysis

Real-time quantitative polymerase chain reaction 
(qPCR) for all samples and standards was performed 
in triplicate in 96-well optical microtiter plates with 
~25 ng of RNA, 0.25 μL of RT Mix (Qiagen Quantitect 
RT Mix), 1.25 μL of 20× Primer/Probe Mix, and 12.5 
μL of Mastermix (Qiagen Quantitect RT-PCR Kit) in 
a 25 μL reaction volume. The following primer/probe 
sets were used: mouse DMP-1, Mm01208363_m1; rat 
DMP-1, Rn01450122_m1; human osteocalcin [BGLAP] 
(mouse available), Hs01587814_g1; rat osteocalcin 
[BGLAP], Rn00566386_g1; mouse osteopontin [SPP1], 
Mm00436767_m1; rat osteopontin, Rn00681031_m1; 
Assays-On-Demand™ (Applied Biosystems, Carlsbad, 
CA, USA). Standards and samples were mixed with the 
PCR reagents, loaded into the 96-well microtiter plate and 
sealed with optical film (Applied Biosystems). TaqMan 
samples were subjected to thermal cycling conditions 
with the following parameters: an initial holding stage 
of 30 min at 50°C (for RNA reverse transcription), 
15 min at 95°C (to activate HotStarTaq polymerase 
enzyme), then 40 cycles of 15 s at 94°C/60 s at 60°C. 
Gene expression was quantified relative to a standard 
curve. Glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) and 18S amplicon rRNA were employed as 
housekeeping genes and used as normalization controls 
to account for variations in the amount of total RNA in 
each sample. For each experimental sample, the amount 
of target and endogenous reference was determined from 
the appropriate standard curve. The amount of target was 
then divided by the amount of endogenous reference 
to obtain a normalized target value. Ct (threshold cycle 
values) for samples and housekeeping genes were 
extrapolated from the standard curve to produce an 
arbitrary value of expression, the ratio of which (sample/
housekeeping gene) within a given tissue sample was 
plotted as the relative mRNA expression level.

2.5. Western blot analysis

DMP-1, MMP-3, Osteocalcin, Osteopontin, Wnt5a, and 
Wnt5b protein levels in the cell lysate were determined 
by western blot analysis. Cells were cultured for 24 
h with or without IL-1β, lysed, and the protein lysate 
separated on sodium dodecyl sulfate polyacrylamide gels 
(12%). Western blot analysis was then performed using 
anti-DMP-1 (ab103203; Abcam), anti-MMP-3, anti-
osteocalcin, anti-osteopontin, anti-Wnt5a, anti-Wnt5b, 
and anti-β-tubulin polyclonal antibodies (sc-6839, sc-
18322, sc-10593, sc-365370, sc-109464, and sc-9935, 
respectively; Santa Cruz Biotechnology Inc., Santa 
Cruz, CA, USA). The anti-MMP-3 antibody showed 
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DMP-1 were increased in the presence of 0.25 ng/mL 
and 2.5 ng/mL IL-1β, but not at 25 ng/mL.
 To assess whether the induction of DMP-1 by IL-1β 
is a specific response in ESC-derived odontoblast-like 
cells, we evaluated the expression of other osteoblastic 
markers, including osteocalcin and osteopontin proteins, 
following treatment with the same concentrations 
of extracellular IL-1β (0, 0.25, 2.5, and 25 ng/mL). 
However, there were no significant increases in mRNA 
levels of these markers in response to IL-1β (Figures 
1B and 1C). KN-3 odontoblast cells showed similar 
responses to the ESC-derived odontoblast-like cells 
(Figures 1D-1F).

3.2. MMP-3 degraded DMP-1 protein in vitro

When exogenous active MMP-3 was mixed with 
recombinant mouse DMP-1, prior to incubation at 37°C 
for 2 h, the intensity of both DMP-1 protein bands 
decreased in a time-dependent-manner, as visualized 
by western blot, indicating that DMP-1 as a dentin 
matrix component could be the substrate for MMP-3 
(Figure 2A). Interestingly, the other bone matrix protein 
components and osteoblast markers, osteocalcin and 
osteopontin, showed no differences, suggesting that 

MMP-3 could not degrade these proteins under similar 
conditions. In addition, when activated MMP-3 and 
recombinant DMP-1 were incubated at 37°C, mature 
DMP-1 (57 kDa) decreased time-dependently, but the 
degraded product of DMP-1 (27 kDa) appeared for up to 
2 h (Figure 2B).

3.3. Effect of exogenous degraded product of DMP-1 
protein by MMP-3 on cell proliferation

Subsequent experiments used ESC-derived odontoblast-
like cells (E14Tg2a) in comparison to rat KN-3 cells. 
We tested whether exogenous degraded products of 
DMP-1 by MMP-3 could enhance cell proliferation in 
odontoblast-like cells. DMP-1 and the active form of 
MMP-3 were mixed, incubated and added to the anti-
MMP-3 polyclonal antibody. Protein A/G sepharose was 
then added and this was spun down to remove MMP-3. 
When the supernatant (containing DMP-1 degradation 
products) was added to odontoblast-like cells, cell 
proliferation was slightly increased (p < 0.05; Figures 
3A and 3B). Therefore, we confirmed that the enhanced 
effect on cell proliferation was dependent on the degraded 
products of DMP-1 and not exogenous MMP-3 (Figure 
3A). We also confirmed that the addition of DMP-1 had 
no effect on cell proliferation in odontoblast-like cells 
(Figures 3C and 3D). Therefore, the degraded products 
of DMP-1 were required for cell proliferation. KN-3 cells 
showed similar responses to the ESC-derived odontoblast-
like cells (Figures 3B and 3D). The supernatant was 
confirmed to have no MMP-3 activity (Figure 3E). 
Interestingly, DMP-1 products had no proliferative effect 
on mouse osteoblastic MC3T3-E1 cells (Figure 3F).

Figure 1. IL-1β-induced expression of DMP-1, osteocalcin, 
and osteopontin mRNA and protein in odontoblast-like 
cells. ESC-derived odontoblast-like cells and KN-3 odontoblast 
cells were incubated with IL-1β (0, 0.25, 2.5, and 25 ng/
mL). Real-time qPCR expression of DMP-1, osteocalcin and 
osteopontin mRNA relative to control (S18 mRNA) using 
ESC-derived odontoblast-like cells (A-C) and KN-3 cells 
(D-F). Data represent the mean ± S.D. of four independent 
experiments. *p < 0.05, **p < 0.01. Lower panels show western 
blot analysis of DMP-1, osteocalcin, osteopontin, and β-tubulin 
protein levels following stimulation with IL-1β. Blots shown 
are representative of three independent experiments.

Figure 2. Time-dependent degradation of bone matrix 
proteins DMP-1, osteocalcin, and osteopontin by MMP-
3. (A) Western blotting analysis of proteins incubated with 
exogenous active MMP-3 and recombinant mouse DMP-
1, osteocalcin and osteopontin for 0, 0.25, 0.5, 1, and 2 h 
using a molar ratio of 1:1 at 37°C, respectively. (B) Western 
blotting analysis of proteins incubated with exogenous active 
MMP-3 and recombinant mouse DMP-1 with Coomassie 
brilliant blue staining for 0, 0.25, 0.5, 1, and 2 h using a molar 
ratio of 1:1 at 37°C. Before Western blot analysis, MMP-
3 was immunoprecipitated by incubation with anti-MMP-3 
polyclonal antibody and protein A/G Sepharose for 1 h at 4°C. 
Visualization of blotted protein bands was performed with 
Multi Gauge-Ver3.X software (Fujifilm). Blots shown are 
representative of three independent experiments.
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3.4. Effect of anti-DMP-1 polyclonal antibody on IL-1β-
induced MMP-3 expression and cell proliferation

Because there is no commercially available mouse 
DMP-1 siRNA, we employed a specific anti-DMP-1 
polyclonal antibody to determine if the proliferation 
effects observed with IL-1β stimulation were mediated 
by DMP-1. Cells were pretreated with an anti-DMP-1 
polyclonal antibody, and then stimulated with IL-1β 
as described above. Western blot analysis of MMP-3 
protein expression confirmed that the antibody had no 
effect on the IL-1β-induced MMP-3 activity (Figure 
4C). Anti-DMP-1 polyclonal antibody had no effect on 
the expression of β-tubulin (loading control). Using the 
same culture conditions, we tested the effect of an anti-
DMP-1 polyclonal antibody on IL-1β-induced changes 
in cell proliferation. DMP-1 silencing considerably 
decreased the number of proliferating odontoblast-like 
cells following IL-1β stimulation when compared with 
untreated cells (p < 0.01; Figure 4A). The reduction in 
proliferative potential was estimated to be ~60% and 
up to the basal level, suggesting that IL-1β-induced cell 
proliferation required DMP-1 protein in odontoblast-
like cells. 
 Using the same culture conditions, KN-3 cells 
showed a similar response to ESC-derived odontoblast-

like cells (Figures 4B and 4D).

3.5. Effect of anti-MMP-3 siRNA on IL-1β-induced 
DMP-1 expression and cell proliferation

We replicated the above experiments using anti-MMP-3 
siRNA. This reagent efficiently down-regulated the 
DMP-1 protein expression induced by IL-1β (0.25 
and 2.5 ng/mL; p < 0.01; Figure 5A). Conversely, the 
control siRNA had no such effect (Figure 5A). Silencing 
the MMP-3 gene also significantly decreased IL-1β-
stimulated cell proliferation (p < 0.01; Figure 5A) as 
described previously (9,10). Taken together, these data 
suggest that IL-1β-induced DMP-1 expression depends 
on the expression of MMP-3 in odontoblast-like cells. 
Using the same culture conditions, KN-3 cells showed 
similar responses to the ESC-derived odontoblast-like 
cells (Figure 5B).

3.6. Effect of anti-Wnt5a and -Wnt5b siRNA on IL-1β-
induced DMP-1 expression and cell proliferation

We replicated the above experiments using anti-Wnt5a 
and -Wnt5b siRNA. These reagents efficiently down-
regulated the DMP-1 protein expression induced by IL-
1β (0.25 and 2.5 ng/mL; p < 0.01; Figures 6A and 6B). 
Conversely, the control siRNA had no such effect (Figures 
6A and 6B). Silencing the Wnt5 gene also significantly 
decreased IL-1β-stimulated cell proliferation (p < 0.01; 

Figure 3. Effect of DMP-1 degradation products by MMP-3 
on cell proliferation. Effect of exogenous DMP-1 degradation 
products by MMP-3 on cell proliferation of ESC-derived 
odontoblast-like cells (A) and KN-3 cells (B). (C) Effect of 
exogenous DMP-1 protein on cell proliferation of ESC-derived 
odontoblast-like cells (D) and KN-3 cells. (E) Determination 
of MMP-3 activity in the supernatant containing DMP-1 
degradation products by MMP-3. One unit of MMP-3 activity 
is defined as 1 μM of 5-FAM-Pro-Leu-OH formed/min/ng 
enzyme at 37°C. (F) Effect of DMP-1 degradation products by 
MMP-3 on MC3T3-E1 cell proliferation.

Figure 4. Effect of anti-mouse DMP-1 polyclonal 
antibody on IL-1β-induced MMP-3 expression and cell 
proliferation. ESC-derived odontoblast-like cells (A and C) 
and KN-3 cells (B and D) were treated for 24 h with anti-
DMP-1 polyclonal antibody, stimulated with IL-1β (0, 0.25, 
2.5, and 25 ng/mL), then analyzed by BrdU-cell proliferation 
ELISA (for cell proliferation; A and B graphs, upper panels), 
MMP-3 activity (C and D) and western blotting (for MMP-
3 protein expression; C and D, far lower panels). β-Tubulin 
was used as a housekeeping protein in the western blots. **p 
< 0.01 vs. control; ##p < 0.01 as indicated by the bracket. Cell 
proliferation was estimated by BrdU-ELISA. ELISA data 
represent the mean ± S.D. of four independent experiments. 
*p  < 0.05 and **p  < 0.01.
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Figures 6A and 6B). Taken together, these data suggest 
that IL-1β-induced DMP-1 expression depends on the 
expression of Wnt5 in odontoblast-like cells. Using the 
same culture conditions, KN-3 cells showed similar 
responses to the ESC-derived odontoblast-like cells (p < 
0.01; Figures 7A and 7B).
 In line with our previous report (29), we examined 

the sequential order in which Wnt5, MMP-3 and DMP-
1 are expressed in odontoblast-like cells using western 
blot analysis and siRNA silencing. This signaling 
cascade appeared to be IL-1β→Wnt5→MMP-3→DMP-
1→DMP-1 degradation products by MMP-3, and 
intimately involved in the cell proliferation of ESC-
derived odontoblast-like cells (Figure 8).

Figure 5. Effect of MMP-3 siRNA on IL-1β-induced DMP-1 expression and cell proliferation. ESC-derived odontoblast-like 
cells (A) and KN-3 cells (B) were transfected for 24 h with MMP-3 siRNA, stimulated with IL-1β (0, 0.25, 2.5, and 25 ng/mL), 
then analyzed by BrdU-cell proliferation ELISA (for cell proliferation) and western blotting (for DMP-1 and β-tubulin protein 
expression). **p < 0.01 vs. control; ##p < 0.01 vs. control siRNA; †p < 0.01, as indicated by the bracket.

Figure 6. Effect of Wnt5a and Wnt5b siRNA on IL-1β-induced DMP-1 expression and proliferation in ESC-derived 
odontoblast-like cells. ESC-derived odontoblast-like cells were transfected for 24 h with Wnt5a or Wnt5b siRNA, stimulated with 
IL-1β (0, 0.25, 2.5, and 25 ng/mL), then analyzed by BrdU-cell proliferation ELISA (for cell proliferation) and western blotting (for 
DMP-1 protein expression). β-Tubulin was used as a housekeeping protein in the western blots. **p < 0.01 vs. control; ##p < 0.01 vs. 
control siRNA; †p < 0.01, as indicated by the bracket.

Figure 7. Effect of Wnt5a and Wnt5b siRNA on IL-1β-induced DMP-1 expression and proliferation in KN-3 cells. KN-3 
cells were transfected for 24 h with Wnt5a or Wnt5b siRNA, stimulated with IL-1β (0, 0.25, 2.5, and 25 ng/mL), then analyzed 
by BrdU-cell proliferation ELISA (for cell proliferation) and western blotting (for DMP-1 protein expression). β-Tubulin was 
used as a housekeeping protein in the western blots. **p < 0.01 vs. control; ##p < 0.01 vs. control siRNA; †p < 0.01, as indicated 
by the bracket. 
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4. Discussion

We  h a v e  d e m o n s t r a t e d  p r e v i o u s l y  t h a t  t h e 
proinflammatory cytokine IL-1β induces MMP-3-
regulated cell proliferation in odontoblast-like cells and in 
KN-3 cells (9,10). While recent reports demonstrate that 
IL-1β-induced MMP-3 is associated with the secreted 
glycoprotein Wnt signaling pathway (30,31), we also 
confirmed that Wnt5a and Wnt5b are associated with IL-
1β-induced proliferation in odontoblast-like cells derived 
from mouse ESCs (16). However, the mechanistic basis 
and signal cascade, especially downstream of MMP-3 
for this action, is unknown.
 The monoclonal anti-α2 integrin antibody is known 
to potently suppress the expression of odontoblastic 
markers in these culture systems. We have previously 
confirmed that α2 integrin expression in ESCs triggered 
their differentiation into odontoblast-like cells (12). 
The proportion of α2 integrin-positive cells in the 
total population of differentiated odontoblast-like cells 
is a measure of the purity of the E14Tg2a-derived 
odontoblast-like cell preparation. Fluorescence-activated 
cell sorting analysis estimated the proportion of these 
cells to be 98.77 ± 2.24% (n = 3). In the present study, 
IL-1β-induced MMP-3 was found to stimulate the 
degradation of dentin matrix proteins, such as DMP-
1, resulting in up-regulation of odontoblast-like cell 
proliferation by the degraded products. Interestingly, 
DMP-1 expression was dependent on IL-1β-induced 
MMP-3 in the odontoblast-like cells. It is therefore 
conceivable that compensatory increases in DMP-1 
production by the odontoblast-like cells, as the counter 
partner, may occur in some stages during the progression 
of inflammation (within the microenvironment). 
Although it is unclear how IL-1β-induced MMP-
3 regulates odontoblast-like cell proliferation and 
which molecular pathways in detail are involved in 
upregulation of MMP-3 upon exposure to IL-1β, we 

believe that the mechanism of IL-1β-induced cell 
proliferation is clearly different from intrinsic cell 
growth and DMP-1 production. This observation may 
represent a novel physiological function of MMP-3 and 
be physiologically relevant in counteracting the effects 
of local inflammation. Although DMP-1 has previously 
been reported to enhance cell attachment and migration 
(32), there are no reports on the effect of DMP-1 on cell 
proliferation, as shown in the current study.
 In addition, we found a significant increase of IL-
1β-induced MMP-3 in the cells. To extend and invade 
into dentin containing dentin matrix proteins, it is natural 
that odontoblasts have to secrete the destructive enzyme 
MMP-3. We demonstrated that IL-1β-induced MMP-3 
could degrade DMP-1, but not the osteoblastic markers 
osteocalcin and osteopontin (Figure 2). Furthermore, 
the DMP-1 degradation products caused enhanced cell 
proliferation in odontoblasts, which may lead to the 
formation of dentin. We also confirmed that DMP-1 had 
no effect on cell proliferation in odontoblast-like cells 
(Figure 3). Although this mechanism is contradictory, 
an effective and novel autoregulation system for dentin 
metabolism within a closed microenvironment site, for 
example at sites of inflammation, is important for cell 
proliferation.
 Our previous report  demonstrates that  this 
signaling cascade appears to be IL-1β→Wnt5→Lrp5/
Fzd9→MMP-3, and is intimately involved in cell 
proliferation in stem cell-derived odontoblast-like 
cells (33). Combined with current evidence, we 
have demonstrated the signal cascade as follows: IL-
1β→Wnt5→MMP-3→DMP-1→DMP-1 degradation 
products by MMP-3→cell proliferation (depicted 
in Figure 8). Odontoblasts produce and secrete 
dentin matrix proteins, including DMP-1, and are 
therefore surrounded by their products (34). DMP-
1 is proteolytically processed into N- and C-terminal 
fragments in the dentin ECM and has been identified as 
a high-molecular-weight proteoglycan comprising the 
N-terminal DMP-1 fragment and chondroitin sulfate (34). 
Interestingly, because treatment with IL-1β results in the 
potent induction of DMP-1 protein, this production also 
may contribute to regeneration and wound healing. In 
addition to their dentin-secretory activity, odontoblasts 
play a role in defensive mechanisms and the stimulation 
of inflammatory responses against pathogen invasion 
through dentinal tubules (34). Although we identified 
a novel physiological function in mouse odontoblast-
like cells in the current study, it remains to be elucidated 
whether a similar physiological function of human 
odontoblasts plays an important part against the 
inflammatory state. Because we have established 
conditions for the efficient conversion of human muscle 
stem cells to an odontoblast lineage (35), we will next 
examine these concerns. 
 Although we tried to identify the peptide sequences 
with proliferative action derived from DMP-1 by MMP-

Figure 8. Schematic illustrating the putative signaling 
pathway by which IL-1β stimulates MMP-3 activity to 
induce cell proliferation in ESC-derived odontoblast-like 
cells.
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3, we could not determine anything specific because of 
the numerous degradation products derived from this 
protein. We will therefore attempt to identify the peptide 
sequence(s) with proliferative action in the near future. 
When activated MMP-3 and recombinant DMP-1 were 
incubated at 37°C, mature DMP-1 (57 kDa) decreased 
time-dependently, while the degradation product of 
DMP-1 (27 kDa) appeared for up to 2 h. We therefore 
speculated that this degradation product of DMP-
1 contributed to the cell proliferation of odontoblast-
like cells (Figure 2B). Because DMP-1 belongs to the 
SIBLING family (36), it is speculated that the RGD 
sequence may be essential for cell proliferation. Dentin 
sialophosphoprotein (DSPP) and DMP-1 share many 
similarities in both their gene and protein structures, and 
it is now believed that DSPP arose from DMP-1 by a 
gene duplication event (37). DSPP and DMP-1 are both 
cleaved into two protein chains; the N-terminal regions 
are proteoglycans that contain chondroitin sulfate chains, 
and the C-terminal regions are highly phosphorylated 
(38-40). Because it is now obviously accepted that 
DSPP and DMP-1 play important roles in hard tissue 
development, DSPP and DMP-1 are positive regulators 
of hard tissue mineralization, with both acting on dentin. 
From preliminary studies, we have confirmed that IL-1β-
induced DSPP elicits similar responses in odontoblast-
like cells (data not shown), suggesting that the common 
mechanism between DMP-1 and DSPP may promote the 
proliferative effect on odontoblasts. The signal cascade, 
especially the downstream DMP-1 degradation products 
by MMP-3, remains to be elucidated.
 A blocking experiment was carried out using 
polyclonal antibodies, which showed inhibition of 
cell proliferation (Figure 4). Because the polyclonal 
antibodies recognized every open region conformation 
and did not react with the closed region of DMP-1, one 
question that arises from this experiment is why intact 
DMP-1 had no proliferation activity (Figures 3C and 
3D), which remains to be elucidated. Another concern 
of the present study is that IL-1β-induced MMPs, 
except for MMP-3, are required for cell proliferation. 
A peptide generated through the proteolytic processing 
of DMP-1 by MMP-2 can regulate the differentiation 
of mesenchymal cells during dentinogenesis and thus 
sustain reparative dentin formation in pathological 
situations, such as carious decay (41). However, we 
confirmed that there was no significant increase in MMP-
2 mRNA in response to IL-1β-induced odontoblast-
like cells derived from ESCs and KN-3 cells (data not 
shown).
 In summary, increased MMP-3 activity may 
contribute not only as a primary initiating trigger for 
the destruction for bone matrix components, but also as 
a compensatory response owing to the degradation of 
dentin matrix protein, thus promoting cell proliferation, 
leading to formation of dentin. We have demonstrated 
that DMP-1 responds to IL-1β by up-regulating MMP-

3 expression via the Wnt5 signaling pathway in mouse 
ESC-derived odontoblast-like cells. These results provide 
new insights into the role of MMP-3 in odontoblast cells, 
and may have relevance to our understanding of and 
ability to improve wound healing following dental pulp 
injury.
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Protective effects on vascular endothelial cell in N'-nitro-L-arginine 
(L-NNA)-induced hypertensive rats from the combination of 
effective components of Uncaria rhynchophylla and Semen Raphani
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1. Introduction

Hypertension is the most common cardiovascular 
risk factor and a major public health problem in the 
world. Development of hypertension was closely 
related to the vascular endothelial dysfunction. 
Endothelial dysfunction may contribute to increased 

sys temic  vascular  res is tance  and lead to  the 
development of hypertension. Endothelial dysfunction 
is commonly manifested as impaired endothelium 
dependent vasodilation due to an imbalance between 
vasoconstrictors and vasodilators (1). Thus, improving 
vascular endothelial dysfunction plays an important 
role in hypertension treatment.
 In recent years, hypertension was considered to be 
a low-grade inflammatory disease (2), and vascular 
endothelial is the key part. When vascular endothelial 
damage, the activation of endothelial cells can secrete 
proinflammatory cytokines such as interleukin-6 (IL-
6), interleukin-1 beta (IL-1β), and tumor necrosis factor 

Summary Endothelial dysfunction is closely associated with hypertension. Protection of vascular 
endothelial cell is the key to prevention and treatment of hypertension. Uncaria rhynchophylla 
total alkaloids and Semen Raphani soluble alkaloid, isolated from traditional Chinese 
medicine Uncaria rbyncbopbylla and Semen Raphani respectively, exhibit properties of anti-
hypertension and protection of blood vessels. In the present study, we observed the protective 
effect of the combined use of Uncaria rhynchophylla total alkaloids and Semen Raphani soluble 
alkaloid to the vascular endothelial cell in N'-nitro-L-arginine-induced hypertensive rats and 
investigate the preliminary mechanism. Blood pressure was detected by non-invasive rats 
tail method to observe the anti-hypertension effect of drugs. Scanning electron microscopy 
was used to observe the integrity or shedding state of vascular endothelial cell. The amount 
of circulating endothelial cells and CD54 and CD62P expression on circulating endothelial 
cells were tested to evaluate the endothelium function. In this study, we found that the 
Uncaria rhynchophylla total alkaloids and Semen Raphani soluble alkaloid compatibility can 
effectively lower the blood pressure, improve the structural integrity of vascular endothelium, 
and significantly reduce the number of circulating endothelial cells. Furthermore, the mean 
fluorescence intensity of CD54 and CD62P expressed showed decrease after the intervention 
of Uncaria rhynchophylla total alkaloids and Semen Raphani soluble alkaloid compatibility. 
In conclusion, the combination of effective components of the Uncaria rhynchophylla total 
alkaloids and Semen Raphani soluble alkaloid demonstrated good antihypertension effect and 
vascular endothelium protective effect. The preliminary mechanism of the protective effect 
may attribute to relieve the overall low-grade inflammation.
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alpha (TNF-α) and also express the immunoglobulin 
superfamily cell adhesion molecules and selection 
family. These cytokines facilitate the adhesion of 
neutrophils and monocytes to endothelium affecting 
production of endothelium-derived nitric oxide (NO), 
impairing endothelial dependent vasodilation function, 
inducing inflammatory damage of vascular walls (3). 
Therefore, it is a key factor to lower blood pressure that 
secretion of inflammatory substances was regulate.
 Although drugs and changing life styles have 
been widely promoted to control the hypertension, 
unfortunately, the prevention of the progression of 
vascular damage in hypertension patients remains 
pessimistic. Traditional Chinese medicine (TCM) 
provides a potential option to the treatment of 
hypertension. From the 1950s, Chinese physicians 
have been concentrating on effective prevention and 
cure for hypertension using TCM, and considerable 
progress has been achieved (4). Many TCMs and their 
active components have been reported to have anti- 
hypertension effects.
 Syndrome differentiation is a diagnostic and 
treatment method used in TCM. It plays an important 
role in the therapeutic process and affects the 
therapeutic result of hypertension. Some scholars have 
found that yang hyperactivity was the most common 
excessive syndrome elements of hypertension (5). 
Hyperactivity of liver yang is characterized by vertigo, 
tinnitus, headache, flushing, red eyes, irritability, 
insomnia, lassitude in lion and legs, bitter mouth, red 
tongue, and wiry pulse. Our previous studies showed 
that hyperactivity of liver yang might be related to 
the fifteen compounds of the structure and metabolic 
pathways mainly including amino acids, free fatty 
acids, and sphingosine by high performance liquid 
chromatography coupled with time of flight mass 
spectrometry (HPLC-TOFMS) (6). Usually, calming 
the liver wind and liver Yang is an important treatment 
method.
 Uncaria rhynchophylla  Miq Jacks (Gouteng 
in Chinese) belongs to the family of Rubiaceae. 
Currently, Uncaria rhynchophylla is generally used 
to treat ailments in the cardiovascular and central 
nervous systems, such as lightheadedness, convulsions, 
numbness, and hypertension, etc. (7,8). The effective 
component of Uncaria rhynchophylla is Uncaria 
rhynchophylla total alkaloids. Our previous study had 
proved that Uncaria rhynchophylla total alkaloids had 
the pharmacological effects of lowering blood pressure, 
protecting vascular endothelium, inhibiting cell aging 
and improving the thoracic aorta wall reconstruction 
(9-11). Semen Raphani (Laifuzi in Chinese) belongs 
to the family of Brassicaceae and Semen Raphani 
soluble alkaloid is the main effective ingredient. 
Several researches indicated that Semen Raphani 
soluble alkaloid can had prominent function to lower 
the hypotension, improve the process of cardiovascular 

remodeling and protect target via antioxidation (12,13).
 Uncaria rhynchophylla combined with Semen 
Raphani is widely used in clinics for hyperactivity of 
liver yang in hypertensive treatment in the Hospital of 
Shandong University of Traditional Chinese Medicine. 
The classical prescription can effectively reduce blood 
pressure in hypertensive patients. We speculate that 
Uncaria rhynchophylla combined with Semen Raphan 
should exhibit protective effects of vascular endothelial 
cells. Thus, in the present study, we investigated the 
protective effects of Uncaria rhynchophylla total 
alkaloids and Semen Raphani soluble alkaloid against 
vascular endothelial dysfunction in hypertensive rats 
induced by N'-nitro-L-arginine (L-NNA). Furthermore, 
the underlying mechanisms for Uncaria rhynchophylla 
total alkaloids and Semen Raphani soluble alkaloid-
induced protective effects were investigated. Valsartan 
was purchased from Beijing Novartis Pharmaceutical 
Co., Ltd. (Beijing, China).

2. Materials and Methods

2.1. Materials

L-NNA was purchased from sigma (St. Louis, MO, 
USA). Anti-Rat CD54 PerCP-eFluor 710 and Anti-Rat 
CD3PE were purchased from eBioscience (San Diego, 
California, USA). CD31 FITC and rabbit monoclonal 
antibody to CD146 were purchased from Abcam 
(London, UK). CD62P PerCP was purchased from 
Santa Cruz Biotechnology (Santa Cruz, CA, USA). 
Uncaria rhynchophylla and Semen Raphani were 
purchased from Jianlian Traditional Chinese medicine 
Store (Jinan, China).

2.2. Preparation of drugs

Acid dyes staining method was utilized to determine 
the content of Uncaria rhynchophylla total alkaloids, 
and high performance liquid chromatography (HPLC) 
method was adopted to establish the fingerprint. 
The HPLC method was also applied to ensure that 
the contents of rhynchophylline accounted for more 
than 5.5% in Uncaria rhynchophylla total alkaloids 
and of sinapine cyanide sulfonate accounted for 
more than 40% in Semen Raphani soluble alkaloid. 
Uncaria rhynchophylla total alkaloids and Semen 
Raphani soluble alkaloid were provided by professor 
Honglei Zhou (Shandong University of Traditional 
Chinese Medicine). According to the result of multiple 
regression analysis and partial least-squares regression, 
we had proved that the optimal ratio of the two 
components in lowering blood pressure was 5/6 (14).
 Then the mixture was dissolved in physiological 
saline and prepared into three suspensions, which 
contained the Uncaria rhynchophylla total alkaloids 
with concentration of 3.853mg/mL + the Semen 
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2.4. Detection of blood pressure of tail artery

Systolic blood pressure (SBP), diastolic blood pressure 
(DBP) and mean arterial blood pressure (MAP) were 
detected by a tail-cuff sphygmomanometer with an 
automated system photoelectric sensor (ALC-Non-
Invasive Blood Pressure System, Shanghai Alcott 
Biotech Co., Ltd., Shanghai, China). Rats were heated 
to dilate rat-tail artery for blood pressure measurements. 
All rats were measured 3 times in parallel, and data was 
collected as a mean.

2.5 .  Observat ion of  rat  vascular  endothel ial 
morphological

Following 24 h fasting, rats were anesthetized by 
intraperitoneal injection of sodium pentobarbital (60 
mg/kg). After drawing blood, the thoracic aorta, renal 
artery and mesenteric artery were gently separated 
as fast as possible, cleaned of connective tissue and 
flushed by saline. Samples were fixed in the 2.5% 
glutaraldehyde solution for 24 h. Scanning electron 
microscopy was used to observe the integrity or 
shedding state of vascular endothelial cell.

2.6.  Measurement of the number of circulating 
endothelial cells

Peripheral blood was sampled at different time points: 
before modeling, the 1st, the 3rd and the 5th weekend 
after administration. The number of circulating 
endothelial cells (CECs) was measured by indirect 
FACS-fluorescence labeled antibody by flow cytometry 
(Shanghai, Chain). The percentage of mononuclear 
cells in white blood cells (WBC) (M1) was detected by 
flow cytometry. And then detected by flow cytometry 
the percentage of CD3-CD31+CD62P+ cells in the 
mononuclear cells (M2). The results of M1 multiplied 
M2 were the circulating endothelial cells accounted 
leukocyte percentage (M). The absolute value of WBC 
was counted with hemocytometer under microscopy 
(N1). The results of M multiplied N1 were the 
circulating endothelial cell number (N = M × N1).

2.7. Detection of circulating endothelial cells CD54 
and CD62P expression

FACS combined with fluorescently labeled antibodies 
indirect detection method was used to detect the mean 
fluorescence intensity of CD54 and CD62P on CD3-

CD31+cell.

2.8. Statistical analysis

All the data was processed with SPSS 15.0 software 
(SPSS Inc., USA). The results were expressed as means 
± SEM. The multi-group comparisons used one-way 

Raphani soluble alkaloid with concentration of 4.623 
mg/mL, the Uncaria rhynchophylla total alkaloids 
with concentration of 3.853mg/mL and the Semen 
Raphani soluble alkaloid with concentration of 4.623 
mg/mL. Valsartan dissolved in physiological saline to 
a concentration of 1.335 mg/mL and kept at 4°C. The 
suspensions were stored at 4°C before use.

2.3. Modeling and grouping

One hundred and twenty male Wistar Kyoto rats 
(WKY), SPF level, 5-week-old, 165-212 g, were 
purchased from Shandong Lukang Pharmaceutical Co., 
Ltd. (certificate: SCXL (Lu) 20080002). The animals 
were taken care under standard conditions (12 h light/
dark cycle, ventilated, fixed temperature and humidity 
room). Rats were provided standard rat pellet food 
for nourishment and tap water as drinking water. All 
animal experiments were performed in accordance with 
the guidelines of Shandong University of Traditional 
Chinese Medicine for the care and use of laboratory 
animals and approved by the Animal Ethics Review 
Committee of Shandong University of Traditional 
Chinese Medicine. 
 One hundred and twenty rats were randomly 
divided into 2 groups, namely, the normal control 
group (n = 20), model group (n = 100). The modeling 
started after 7-day adaptive feeding. The model group 
was induced by intraperitoneal injection of L-NNA at a 
dose of 7.625 mg/kg·d, while the normal control group 
was injected the same volume of physiological saline. 
Blood pressure began to increase in the first modeling 
week. The injection lasted 2 weeks and formed stability 
hypertension, indicating successful modeling.
 Rats proven to be hypertension (n = 100) were 
randomly assigned to five groups with 20 rats in 
each group: model group, valsartan group, Uncaria 
rhynchophylla total alkaloids group (U group), Semen 
Raphani soluble alkaloids (R group) and Uncaria 
rhynchophylla total alkaloids + Semen Raphani soluble 
alkaloid group (U-R group). And 20 Wistar Kyoto rats 
were recruited as the normal control group. Intragastric 
administration was performed once a day for each 
treatment group. The dosages of suspensions were 
calculated according to the body surface area of human 
and rat. The Valsartan was intragastrically administered 
at a dose of 2.67 mg/200g (prescription/body weight). 
The doses of Uncaria rhynchophylla total alkaloids, 
Semen Raphani  soluble alkaloids and Uncaria 
rhynchophylla total alkaloids + Semen Raphani soluble 
alkaloid groups were 7.705 mg/200 g, 9.246 mg/200 g 
and (7.705 mg + 9.246 mg)/200 g (prescription/body 
weight) respectively. The normal control group and 
model group were intragastrically administrated by 
physiological saline at the equivalent dose. Every group 
was given suspensions for 6 days per week and 5 weeks 
in a row.
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analysis of variance (ANOVA). A p value < 0.05 was 
considered statistically significant.

3. Results

3.1. The changes of blood pressure in different groups

Baseline SBP, DBP and MAP were similar in the six 
experimental groups (p > 0.05). The blood pressure 
of rats in the Valsartan group, U group, R group and 
U-R group were decreased significantly compared 
to the model group(p < 0.05) (Figure 1A). DBP and 
MAP decreased in different extent after administration, 
but the effect was not as obvious as SBP (Figures 
1B and 1C). From the perspective of lowering the 
blood pressure, the antihypertensive effect of Uncaria 
rhynchophylla total alkaloids and Semen Raphani 
soluble alkaloid compatibility was similar with that 
of valsartan (p < 0.05). When treated with Uncaria 
rhynchophylla total alkaloids, Semen Raphani soluble 
alkaloid and combination of the two, respectively, the 
blood pressure decreased at different degrees, however, 
the combination of the two demonstrated the most 
powerful effect on decreasing the blood pressure. This 
indicates the Uncaria rhynchophylla total alkaloids and 
Semen Raphani soluble alkaloid compatibility have an 
additive effect.

3.2. Improve the morphology of vascular endothelial 
cells

Endothelial morphology of thoracic aorta, renal artery 
and mesenteric artery were observed with scanning 
electron microscopy. The endothelial cells of rats in 
normal control group were showed neat cord blood 
vessels, completely connecting and mucosal smoothing 
endothelial cells, without significant fiber plaques 
adhesion on cell surface. In contrast, the model group 
had significantly shedding endothelial cells that 
gathered into a group. The disordered cable, loss of 
connections between cells that resulted in voids or 

"honeycomb" shape endometrium was also observed 
by electron microscopy. Endometrial attachments were 
increased simultaneously. Injury of thoracic aorta was 
most, while mesenteric artery injury the degree lightest. 
After treatment, the rats endometrial integrity and 
shedding state of endothelial cells were significantly 

Figure 1. The changes of blood pressure in different groups. Systolic pressure (A), diastolic pressure (B) and mean arterial 
pressure (C) of rats kept decreasing gradually during the 5-week-study in Valsartan group, Uncaria rhynchophylla total alkaloids 
group (U group), Semen Raphani soluble alkaloids group (R group), and Uncaria rhynchophylla total alkaloids + Semen Raphani 
soluble alkaloid group (U-R group), while model group have no significant changes. Significant difference (p < 0.05) due to 
comparing with model group is denoted by asterisk (*).

Figure 2. Endothelial morphology of thoracic aorta (A), 
renal artery (B) and mesenteric artery (C) were observed 
by scanning electron microscope after 5 weeks of drug 
treatment. a: normal control group; b: model group; c: 
valsartan group; d: U group; e: R group; f: U-R group. The 
arrows point to the endothelial damage and the change of 
endothelial morphology.
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improved which corresponded to the flow cytometry 
results. The improved effects of Uncaria rhynchophylla 
total alkaloids and Semen Raphani soluble alkaloid 
compatibility were better than single active fraction 
(Figure 2).

3.3. The amount of CECs

After treatment for 1, 3, 5 weeks, the number of CECs 
were detected. As shown in Figure 3, the number of 
CECs in model group was significantly increased 
compared to the control group (p < 0.05). While 
compared with the model group, the number of CECs in 
Valsartan group, U group, R group and U-R group have 
different extents of reduction in the administration of 1, 3, 
5 weeks (p < 0.05). The number of CECs in U-R group 
was declined in early intervention and dropped 62% after 
administration for 5 weeks, which is better than U group 
and R group (decreased by 48% and 47% at 5 weeks 
end).

3.4. The expression levels of CECs CD54 and CD62P

Similar with the relationship of CECs number and blood 
pressure, the trend of mean fluorescence intensity of 
CD54 and CD62P was positively correlated with blood 
pressure. As shown in Figure 4, compared with the 
normal group, the mean fluorescence intensity of CD54 
and CD62P in model group was significantly increased 
(p < 0.05). After treatment, with the reduction in blood 
pressure, the treatment group rats mean fluorescence 
intensity of CD54 and CD62P expressed with different 
degree of reduction (p < 0.05). We have observed 
CD62P expression on CECs continued to fall in U-R 
group (decreased by 30% at 5 week end), while the 
efficacy of U group and R group was not stable. Treated 
with drugs, CD54 expression on CECs has improved 
different degrees over the 5 weeks. U-R group showed 

Figure 4. The expression levels of CECs CD54 and CD62P. 4A and 4C show the CD54 and CD62P flow diagram of each 
group after 5 weeks of administration. 4B and 4D demonstrate the changes of the mean fluorescence intensity of CD54 and 
CD62P in each group. Significant difference (p < 0.05) due to comparing with model group is denoted by asterisk (*). a: normal 
control group; b: model group; c: valsartan group; d: U group; e: R group; f: U-R group.

Figure 3. The number of CECs. CD3-CD31+CD62P+ 
identifies the shedding number of circulating endothelial cells 
by flow cytometry. Figure 3A shows the CECs flow diagram 
of each group after 5 weeks of administration. Figure 3B 
shows the changes of CECs number in each group. Significant 
difference (p < 0.05) due to comparing with model group is 
denoted by asterisk (*). a: normal control group; b: model 
group; c: valsartan group; d: U group; e: R group; f: U-R 
group.
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the best efficacy, because of the decreased by 59% at 
the end 5 week.

4. Discussion

In this study, we have found that Uncaria rhynchophylla 
total alkaloids and Semen Raphani soluble alkaloid 
compatibility has efficacy on antihypertensive 
function and protection on vascular endothelial cells. 
Specifically, we have demonstrated protection vascular 
endothelial in three ways. First, the compatibility can 
significantly improve the endometrial integrity and 
shedding state of endothelial cells. Second, Uncaria 
rhynchophylla total alkaloids and Semen Raphani 
soluble alkaloid compatibility can reduce the number 
of CECs. Finally, the compatibility can decrease the 
expression of CD54 and CD62P on CECs.
 The combination of Uncaria rhynchophylla 
and Semen Raphani contains complex chemical 
compositions and has the characteristics of multi-
component, multi-level, multi-target and multi-
metabolic pathways, resulting in difficulty to clarify the 
mechanism of action. In order to solve this problem, 
we use technology of composition compatibilities of 
traditional Chinese medicinals that persist syndrome 
differentiation and have the advantage of controllable 
compositions, clear targets and explicit mechanism. 
So, we extracted the effective components of 
Uncaria rhynchophylla and Semen Raphani (Uncaria 
rhynchophylla total alkaloids and Semen Raphani 
soluble alkaloid). Uncaria rhynchophylla total alkaloids 
contain multiple alkaloids, such as rhynchophyline, 
isorhychophyline and corynantheine etc .  The 
rhynchophyline and isorhychophyline are the main 
active ingredient. The pharmacological studies indicated 
that the rhynchophyline and isorhychophyline showed 
antihypertensive activity, antiarrhythmic, inhibition of 
platelet aggregation and antithrombotic (15). The major 
active compounds in Semen Raphani are alkaloids, 
glucosinolates, brassinosteroids, flavonoids and so on. 
Semen Raphani soluble alkaloid demonstrated to have 
antihypertensive effects. Sinapine is the major bioactive 
alkaloid, existing in the form of sinapine thiocyanate in 
Semen Raphani (16). The pharmacological functions of 
sinapine include antihypertensive effect, antioxidative, 
and neuroprotective, etc. (17). 
 Vascular endothelial cells are the major regulator 
of vascular homeostasis. The endothelium is a single 
cell layer that lines the luminal surface of blood vessels 
and is involved in regulation of vascular tone and 
structure. They adjust the cardiovascular system by 
secreting a variety of active substances. In hypertensive 
pathological conditions due to blood flow shear stress 
and flow fluctuation is too strong, the structure and 
function of vascular endothelial cells are changed. This 
became one of the initial factors of endothelial cells 
dysfunction (18). On the other hand, injury of vascular 

endothelial cells undermined the self-regulating system 
balance, namely, increasing the synthesis of ET and 
decreasing the synthesis and release of NO, leading 
to vascular tension adjustment disorder and structural 
changes in the vascular wall, and ultimately triggering 
increased blood pressure (19). 
 CECs are a novel means of assessing endothelial 
dysfunction, meaning that mature cells are detached 
from the vascular intimal layer due to a great deal of 
insults (20). CECs are a stable and sensitive marker 
for endothelia damage, and may serve as a clinical 
marker in diagnosis, monitor and curative effect 
evaluation. Circulating levels of CECs are increased in 
hypertension associated with endothelial dysfunction 
(21,22). Research suggested significantly higher CECs 
counts among seven patients with hypertension, when 
compared with 22 matched, healthy control subjects 
(23). However, the precise surface antigen(s) used 
to identify CECs has not been established; CD31, 
CD54, CD106, CD141, CD146, etc. have all been 
used to identify cells of endothelial origin (22). These 
markers were not specific to vascular endothelial cells, 
and actually there is no such a standard yet. CD31 
is a constitutive marker expressed on endothelial 
cells. CD62P can be used as a molecular marker of 
endothelial dysfunction (24). Referring to the most 
commonly used CD molecules and considering two 
positive markers are highly recommended, we chosed, 
in this experiment, CD3-PE, CD31-FITC and CD62P-
PerCP to mark CECs. 
 In our study, the amount of CECs of model group 
was much higher than that of normal group. During the 
5-week study, the CECs count of each treatment group 
kept decreasing, especially in valsartan and U-R groups. 
This showed that Uncaria rhynchophylla total alkaloids 
and Semen Raphani soluble alkaloid compatibility 
could protect the vascular endothelial cells effectively 
and prevent vascular endothelial cells falling off.
 Vascular wall inflammation reaction exists in 
hypertension patients, and inflammation is involved in 
the pathophysiological process (25). In the hypertensive 
state, vascular endothelial cells could induce secretion 
of a variety of inflammation-related substances, such 
as the immunoglobulin superfamily cell adhesion 
molecule-1 (ICAM-1; CD54), vascular cell adhesion 
molecule-1 (VCAM-1) and selectin family of P-selectin 
(CD62P). CD54 is the important adhesion molecule 
and plays an important role in both innate and adaptive 
immune responses. It is involved in the trans-endothelial 
migration of leukocytes to sites of inflammation (26). 
CD62P is also an important adhesion molecule and is 
stored in the α granules of platelets and the Weibel-
Palade bodies of endothelial cells. CD62P mainly 
mediated leukocytes adhesion and activated endothelial 
cells, which was a direct result of adhesion between 
cells and matrix. Inflammation-related substances 
would further damage and activate endothelial cells. 



www.biosciencetrends.com

BioScience Trends. 2015; 9(4):237-244. 243

The vicious cycle is created, which is prompting the 
development of hypertension. Therefore, improving 
endothelial function and inhibiting the expression of 
inflammation-related substances in the wall is not only 
the basic strategy of vascular endothelial protection, but 
also an important goal of antihypertensive.
 In our experiment, we observed that the model 
group rats increased expression of CD54 and CD62P. 
The changes above verified elevated blood pressure 
could indeed increase various inflammatory substances 
secretion and expression. After treatment, the number 
of vascular endothelial cell adhesion molecule 
expression was significantly decreased. And Uncaria 
rhynchophylla total alkaloids and Semen Raphani 
soluble alkaloid compatibility exhibited the best 
efficiency, which suggested that these two components 
can protect vascular endothelial cells by reducing 
adhesion molecule expression, inhibiting leukocyte and 
endothelial cell adhesion and suppressing vascular wall 
inflammation.

5. Conclusion

The effective components of the combination of 
Uncaria rhynchophylla and Semen Raphani (Uncaria 
rhynchophylla total alkaloids and Semen Raphani 
soluble alkaloid) demonstrated good anti-hypertension 
effect and vascular endothelium protective effect. The 
preliminary mechanism may attribute to relieving the 
overall low-grade inflammation. The results also proved 
that composition compatibilities of traditional Chinese 
medicinals show potential in analysis of multi-target and 
multi-pathway mechanism of Chinese herbs.
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1. Introduction

Tourette's syndrome (TS) is an inherited chronic 
neuropsychiatric disorder characterized by involuntary 
stereotyped motor and phonic behaviors called tics. 

Initial symptoms of TS usually start in childhood with a 
peak age between 7 to 15 years old (1). The prevalence 
of this syndrome is estimated to be four to six per 1,000 
children and adolescents with an incidence in males 3-9 
times higher than in females (2). TS can cause lifelong 
impairment and about 5% of TS patients have life-
threatening symptoms including mild self-injurious 
behaviors and borderline personality disorders (3).
 Currently, the detailed etiological and pathophysiological 
mechanism of TS is still unclear. It is widely believed 
that abnormalities of dopamine (DA) neurotransmission 
play a primary role in the pathophysiology of TS (4). 
DA content in postmortem striatum of neurologically 
normal subjects increased two to three fold from 
birth to 9 years of age, and then gradually declined 
from a probable peak in late adolescence (5), which 
is concordant with the natural history of TS. DA is a 

Summary Tourette's syndrome (TS) is an inherited chronic neuropsychiatric disorder characterized 
by involuntary stereotyped motor and phonic behaviors called tics. Its pathogenesis is still 
unclear and its treatment remains limited. Our previous basic and clinical studies have shown 
that traditional Chinese medicine (TCM) preparation Ningdong granule (NDG) is effective 
for the treatment of TS with little side effects. In the current study, two TS rat models 
(Apomorphine (Apo)- and 3,3'-iminodipropionitrile (IDPN)-induced) were used to explore 
the dual regulating effects and mechanisms of NDG on extracellular DA concentration. We 
found that NDG could regulate the extracellular DA concentration dually: it could make a 
gradual recovery in extracellular DA content from both an up-regulated level in Apo-induced 
rats and down-regulated level in IDPN-induced rats measured by high-performance liquid 
chromatography (HPLC). The protein expression of DA transporter (DAT) was measured by 
Western blot and the result showed that NDG could elevate DAT expression when DA release 
was up-regulated and could decrease DAT expression when extracellular DA concentration 
was down-regulated. The main mechanism of the dual regulating effect of NDG on 
extracellular DA release might be related to DAT protein expression in TS, through which the 
released DA is re-uptaken into nerve terminals. Taken together, compared with conventional 
single-target anti-tics drugs such as haloperidol (Hal), NDG with the dual regulating effect 
would be more significant for TS treatment.
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key monoamine neurotransmitter released by nerve 
terminals originating from midbrain neurons. It plays 
an important role in the regulation of motor and limbic 
functions through stimulation of DA receptors, such as 
movement, learning, moods, neurobehavioral abilities, 
problem solving, and so on (6,7). TS is reported to be 
correlated with the content and activity of DA, and the 
density and sensitivity of DA receptors in striatum. 
However, the relationship between the pathophysiology 
of TS and DA is far from been clearly elucidated. 
Interestingly, in some pathological and functional 
imaging studies the increased DA release in TS patients 
has been confirmed, while other investigations of the 
striatal DA content have either failed to find differences 
between normal controls and TS patients or have 
yielded contradictory results (8-10). Furthermore, 
the available dopaminergic system related TS agents, 
including the classical neuroleptics with D2 receptors 
antagonistic activity, are all considered as decreasing 
"the effects of DA release" in striatum, while a number 
of DA agonists (e.g., levodopa) with the effect of 
promoting DA release have been shown to suppress tics 
(8,11,12). These seemingly conflicting findings suggest 
that, DA release, either in an increased or decreased 
manner, would play a role in the generation of TS (8). 
 Dopamine transporter (DAT) is a high-affinity 
glycoprotein localized exclusively at the presynaptic 
membrane of DA neurons. It is responsible for 
modulating extracellular DA concentration by re-
uptaking the released DA into nerve terminals (4). 
In recent years, some findings using molecular, 
pharmacological  and genetic techniques have 
established the importance of DAT in the maintenance 
of DA homeostasis, which might be an essential role for 
the control of normal brain function (8). Furthermore, 
the activity of DAT in regulation of DA homeostasis 
might underlie subsequent pathological states in TS 
(4,13). All these might provide us a new way for TS 
management. 
 Haloperidol (Hal) is approved by the Food and 
Drug Administration (USA) for treating TS. It can 
effectively inhibit the excitability of the cortical motor 
area through restraining the activity of DA receptors 
(14). However, a very high proportion of patients 
eventually refused further therapy with Hal because 
of the side effects including sedation, weight gain, 
extrapyramidal symptoms, and QT prolongation (7). 
Therefore, development of novel drugs for treatment of 
TS is urgently needed. 
 Traditional Chinese medicine (TCM) has been 
widely used in the treatment of various diseases such 
as nervous system disease, infectious diseases, and 
cancer, in China, Japan, South Korea and other Asian 
countries for thousands of years (13,15). Ningdong 
granule (NDG), a TCM preparation dedicated to 
treating TS with the guidance of therapeutic principles 
of TCM, has been used as an anti-tic agent in clinics in 

China for several years (16-18). Our previous studies 
showed that NDG has had a total effective rate of 73.3-
83.3% in TS patients with few apparent side or toxic 
effects (16,18). Our previous studies also showed that 
NDG could regulate the disturbance of DA, DRD2, 
5-TH and so on in animals and patients with TS (7,14). 
However, the possible pharmacological mechanism of 
NDG for treating TS is still unclear. Thus, in the current 
study, two TS rat models (Apomorphine (Apo)- and 
3,3'-iminodipropionitrile (IDPN)-induced) were used to 
explore the regulating effects and possible mechanisms 
of NDG on extracellular DA concentration.

2. Materials and Methods

2.1. Reagents

Apomorphine (Apo), 3,3-iminodipropionitrile (IDPN) 
and bovine serum albumin (BSA) was purchased from 
Sigma-Aldrich Co. Ltd. (USA), and Haloperidol (Hal) 
was purchased from Shanghai Pharmaceutical Group 
Co. Ltd. (Shanghai, China). Primary antibody against 
DAT was bought from Abcam (Cambridge, MA, 
USA). Enhanced chemiluminescence agents (ECL) 
were bought from Millipore Co. (Billerica, MA, USA). 
Peroxidase-conjugated affini-pure goat anti-rabbit 
antibody IgG and anti β-actin antibody were purchased 
from ZSGB-BIO Inc. (Peking, China).

2.2. NDG Preparation

NDG was provided by 999 Modern Chinese Medicine 
Co. Ltd. (999 Co. Ltd., Shenzhen, China). NDG 
formulation includes main components (18): Rhizoma 
Gastrodiae, Codonopsis pilosula, Dwarf lilyturf tuber, 
Radix Paeoniae Alba, Fossil fragments, Oyster shell, 
and Pheretima asiatica. The proportions of these eight 
components in NDG granule were 2:3:2:4:5:5:2:2. After 
being mixed in proportion, all of them were macerated 
with distilled water for 1 h at room temperature, and the 
whole mixture was decocted twice for 30min each time. 
The filtrates were mixed and condensed and then dried 
by vacuum-drier at 60°C. The yield granule was stored 
at 4°C.

2.3. Experimental Animals

Seventy male Wistar rats (4 weeks old, 100 ± 20 g) 
were bought from Shandong Experimental Animal 
Center (Jinan, China), and were housed in an air-
conditioned animal room with 12 h light/dark cycle, 
temperature of 22 ± 2°C and humidity of 50 ± 10%. 
Rats were constantly provided with a laboratory diet 
and water ad libitum. 
 After a week, the rats were randomly divided into 
control group (n = 10), Apo-induced TS model group 
(n = 30) and IDPN-induced TS model group (n = 30). 
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 On the day of microdialysis, a polyarylene-ether-
sulfone MAB/6 probe (4 mm in length, 15 kDa molecular 
weight cut off) was slowly lowered into the position of 
striatum as mentioned above and perfused at 2 μL/min 
using 0.9% normal saline. Before experimental sampling 
began, the rats were perfused with saline for 2 h to 
maintain equilibrium of fluid exchange. Subsequently, 
the dialyzate samples (20 μL) were collected every 20 
min. The microdialysis samples were stored at -80°C 
until analyzed.

2.6. HPLC analysis

The dialyzate samples from the striatum were analyzed 
by high-performance liquid chromatography with 
electrochemical detection (HPLC-ECD) according to the 
previous reported methods (8). The levels of extracellular 
DA and HVA content in striatum were detected use this 
method. Compound separation was achieved on a C18 
reverse-phase analytical column (50 mm × 2.1 mm, 1.9 
μm particle size) with a mobile phase consisting of 150 
mM citric acid, 150 mM trisodium citrate dihydrate, 
100 mM ethylenediamine tetraacetic acid disodium 
salt (EDTA • 2Na), 1 mM sodium 1-heptanesulfonate 
and 10% methanol (v/v). The mobile phase was passed 
through the system at 0.2 mL/min, while the column 
was maintained at 28°C and the potential of the 
electrochemical detector was set at 0.8 V.

2.7. Western blot analysis

After the intracranial microdialysis, rats were sacrificed 
and striatum tissues were dissected and quickly 
homogenized on ice in RIPA lysis buffer (50 mM Tris-
Hcl (PH 7.4), 150 mM NaCl, 1% NP-40, 0.1% sodium 
dodecyl sulfate (SDS)) with protease inhibitors (PMSF) 
and centrifuged at 12,000 rpm for 15min at 4°C. After 
determination by BCA protocol, the Protein amounts in 
the supernatant were diluted in 5× loading buffer and 
then boiled at 100°C for 5 min. SDS polyacrylamide 
gel (SDS-PAGE) electrophoresis was carried out on 
10% Tris-glycine gels. The separated proteins were then 
electrophoretically transferred to PVDF membranes 
(0.45 μm) that were treated previously with methanol, 
and blocked with 1% BSA in TBS-T (Tris-buffered 
saline containing 0.1% Tween 20) for 1 hour at room 

Rats in the Apo-induced TS model group and IDPN-
induced TS model group were intraperitoneally injected 
(i.p.) with Apo (2mg/kg) and IDPN (150mg/kg, i.p.) 
respectively, while the control group received normal 
saline (NS) (5 mL/kg, i.p.). Both Apo-induced and 
IDPN-induced TS model groups were further divided 
into 3 groups, that is Apo + NS group (n = 10), Apo 
+ NDG group (n = 10), Apo + Hal group (n = 10); 
IDPN + NS group (n = 10), IDPN + NDG group (n 
= 10), IDPN + Hal group (n = 10), and the rats were 
administered normal saline by gastric perfusion (0.9%) 
at 10 mL/kg (Control group, Apo + NS group and IDPN 
+ NS group), NDG at 370 mg/kg (Apo + NDG group 
and IDPN + NDG group), and Hal at 1.0 mg/kg (Apo + 
Hal group and IDPN + Hal group) respectively once a 
day for 8 weeks (8,14). 
 All animal experimental protocols were handled 
in accordance with the Code of Ethics of the World 
Medical Association, and all research procedures were 
approved by medical ethics committee of Provincial 
Hospital Affiliated to Shandong University.

2.4. Behavior recordings

Stereotypy actions of rats were recorded according to 
the evaluating standards of stereotypic actions (19) 
(Table 1). These were conducted once a week by trained 
observers who were blind to the group condition. Each 
animal was observed for one min of every 5 min for a 
total of 6 observation periods. One or more episodes 
recorded with the grades received the corresponding 
score. The average scores were calculated on the basis 
of results from observers as the objective indicator of 
behavioral changes.

2.5. Intracranial surgery

The procedure of current section was conducted 
according to our previous study (8). In brief, for surgical 
implantations, the rats were anesthetized with chloral 
hydrate (400 mg/kg, i.p.) and fixed in a stereotaxic 
instrument. A guide cannula was implanted in striatum 
(AP: 0.0, ML: +2.0, DV: -7.0mm from bregma) and 
secured with two stainless steel skull screws and dental 
cement. Rats were then singly housed and allowed to 
recover for one day before microdialysis.

Table 1. Scales for stereotypic behaviors

Score

   0
   1
   2
   3

   4
   5

Stereotypic behaviors

Asleep, resting in place or normal activity in place
Increased sniffing and head raising
Discontinuous increased sniffing with body raising
Discontinuous increased sniffing, licking with head and body raising primarily in one place, with occasional rapid burst of locomotor 
activity (2-5 steps)
Continuous sniffing, biting, head bobbing and repetitive body raising/wall climbing in place
Continuous sniffing, biting, licking, head bobbing, and continuous body raising/wall climbing wherein forepaws do not touch cage 
floor
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temperature. After washing in TBS-T, the membranes 
were incubated with primary antibody against DAT 
(1:1,000) overnight at 4°C, and then were further 
incubated with peroxidase-conjugated affini-pure goat 
anti-rabbit antibody IgG (1:10,000) for 1 h at room 
temperature. Blots were developed with enhanced 
chemiluminescence agents before exposure to X-ray 
film. To confirm equivalent loading of samples, the 
same membranes were incubated with anti β-actin 
antibody (1:1,000) and visualized via enhanced 
chemiluminescence as mentioned earlier.

2.8. Statistical analysis

Data were expressed as mean ± S.D. and statistical 
differences between groups were determined by one-
way analysis of variance (ANOVA). Repeated-measure 
analysis of variance was used to analyze the differences 
of the stereotypic scores of the rats. The data were 
analyzed using the SPSS® statistical package, version 
16.0 (SPSS Inc., Chicago, IL, USA) for Windows®. A 
two-tailed significance level of p < 0.05 was used for all 
statistical analyses.

3. Results

3.1. Assessment of stereotypic behaviors

Administrations of both Apo and IDPN could produce 
significant stereotypic multiple behaviors in rats 
(p < 0.01). After being treated with NDG and Hal 
respectively, the dyskinetic-hyperkinetic syndromes 
in Apo-induced rats were dramatically improved, and 
there were no remarkable differences between the two 
treatments (p > 0.05). Moreover, in the IDPN-induced 
rats, which received the same therapies as Apo-induced 
rats, the general tendency of stereotypic behavioral 
improvements in the NDG groups showed no differences 
compared with the Apo groups. In conclusion, both 
NDG and Hal could make significant improvements 
in stereotypic abnormalities of rats with no distinctive 
differences between these two treatments (Figures 1A 
and 1B).

3.2. Levels of extracellular DA content in striatum

The two pharmacological manipulations used to induce 
stereotypic behaviors of rats caused completely opposite 
effects on extracellular DA content in the striatum of the 
rats. There was a dramatic increase in extracellular DA 
content in Apo + NS group (p < 0.01), while in IDPN 
+ NS group the extracellular concentration of DA was 
found decreased significantly (p < 0.01), when both were 
compared with the control group. Furthermore, the dual 
regulating effect of NDG on extracellular DA content in 
striatum was found in the current study. It could down-
regulate elevated DA content in Apo-induced rats (Apo 

+ NDG group) (p < 0.05 vs. Apo + NS group) while 
up-regulate decreased DA content in IDPN-induced 
rats (IDPN + NDG group) (p < 0.01 vs. IDPN + NS 
group) by moving them towards a normal extracellular 
DA level. However, in the Hal treated groups, no 
significant differences were found in the concentration of 
extracellular DA after the treatment (Apo + Hal group vs. 
Apo + NS group, p > 0.05; IDPN + Hal group vs. IDPN 
+ NS group, p > 0.05) (Figures 2A and 2B).

3.3. Levels of extracellular HVA content in striatum

The effects of DNG on the extracellular HVA 
concentration in striatum of the rats are shown in Figure 
3. Compared to the control group, neither NDG nor Hal 
caused any conspicuous changes in extracellular HVA 
content in Apo-induced rats (p > 0.05) (Figure 3A). 
Furthermore, in IDPN-induced rat groups, no significant 
differences were found in extracellular HVA content 
either, whether they were treated by NDG or by Hal (p > 
0.05) (Figure 3B).

3.4. DAT protein expression in striatum

The effects of NDG on DAT protein expression in 
striatum of the rats were detected by Western blot 
as shown in Figure 4. Both of the pharmacological 
manipulations, Apo and IDPN, could significantly 
increase DAT protein expression in striatum compared 
with the control group. The treatment of NDG caused 
totally opposite effects on DAT protein expression in 
striatum: there was a dramatic decrease in DAT protein 

Figure 1. Stereotypic behavior of rats in the three experimental 
groups during an 8-week period. The data represent mean ± 
S.D. (n = 10). Administration of both Apo (A) and IDPN (B) 
could produce significant stereotypic multiple behaviors in rats 
(p < 0.01). The stereotypic behavior scores at baseline showed 
no differences among groups (p > 0.05). After being treated 
respectively with NDG and Hal, both dyskinetic-hyperkinetic 
syndrome scores in Apo-induced and IDPN-induced rats 
decreased significantly (p < 0.01).
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expression in Apo + NDG group (p < 0.01), while in 
IDPN + NDG group, DAT protein expression was found 
elevated significantly (p < 0.01). However, in the Hal 
treated groups, no significant difference was found in 
the concentration of DAT after the treatment (Apo + Hal 

group vs. Apo + NS group, p > 0.05; IDPN + Hal group 
vs. IDPN + NS group, p > 0.05) (Figures 4A and 4B).

4. Discussion

The TCM preparation NDG has been used as an anti-
tic agent for several years in clinics in China, which 
mainly includes 8 Chinese herbal medicines as described 
in the previous section. According to TCM theory, 
NDG is well known to have effects on nourishing heart, 
soothing liver, and relieving convulsion and spasm 
(16,17). Pharmacological studies have found that NDG 
contains a number of active substances such as saponin 
(e.g., gastrodin and paeoniflorin), steroid saponin, 
carbohydrates and their glycosides, alkaloids, organic 
acids, and flavonoids, which have been proved to have 
positive antioxidant, protect brain neurons, tranquilize 
and allay excitement effects (20). Gastrodin, as one of 
the main active ingredients of NDG, was previously 
found to have the effect of regulation of extracellular 
DA concentration dually in TS rats: it could make a 
gradual recovery in extracellular DA content from 
both up-regulated and down-regulated levels (8). We 
wondered if NDG also possesses a dual regulating effect 
on extracellular DA content in TS. Thus, in the current 
study, the regulating effects and possible mechanisms of 

Figure 2. Levels of extracellular DA content in striatum. 
The data represent mean ± S.D. (n = 10). (A) Effects of 
NDG on extracellular DA content in the striatum of the Apo-
induced rats. There was dramatic increase in extracellular 
DA content in Apo + NS group (**p < 0.01 vs. control group). 
After being treated with NDG, the content of extracellular 
DA decreased (#p < 0.05 vs. Apo + NS group). (B) Effects 
of NDG on extracellular DA content in the striatum of 
the IDPN-induced rats. There was a dramatic decrease in 
extracellular DA content in IDPN + NS group (**p < 0.01 vs. 
control group). After being treated with NDG, the content of 
extracellular DA increased significantly (##p < 0.01 vs. IDPN 
+ NS group).

Figure 3. Levels of extracellular HVA content in striatum. 
The data represent mean ± S.D. (n = 10). Compared with the 
control group, neither NDG nor Hal made any conspicuous 
changes in extracellular HVA content of Apo-induced and 
IDPN-induced rats (p > 0.05).

Figure 4. DAT protein expression in striatum. Both of 
the pharmacological manipulations, Apo and IDPN, could 
significantly increase DAT protein expression in striatum 
(**p < 0.01 vs. control group). The treatment of NDG caused 
totally opposite effects on DAT protein expression in striatum: 
there was a dramatic decrease in DAT protein expression in 
Apo + NDG group (#p < 0.05 vs. Apo + NS group), while 
in IDPN + NDG group, DAT protein expression was found 
elevated significantly (##p < 0.01 vs. IDPN + NS group). Hal 
made no conspicuous changes in DAT protein expression in 
striatum of Apo-induced and IDPN-induced rats.
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NDG on extracellular DA concentration was explored. 
 As is well known, TS is correlated with the content 
and activity of DA and the density and sensitivity 
of postsynaptic receptors in striatum. However, the 
relationship between the pathophysiology of TS and 
DA system has far from been clearly elucidated. Apo, 
a dopamine receptor D1/D2 agonist, could produce 
similar stereotypic behaviors including biting, licking 
and sniffing on rodents (21). IDPN has been widely used 
as a tool for neuropathological studies and can induce a 
series of neurobehavioral disturbances such as dyskinesia 
and repetitive motor-defects similar to the characteristics 
of TS (22,23). IDPN is also known to interfere with a 
range of neurotransmitters including DA (23). Currently, 
Apo and IDPN are two manipulations that are commonly 
used to develop TS models (14,23,24). Accumulating 
evidence suggested that both Apo and IDPN manipulated 
dyskinesia of TS models exhibited marked alterations in 
DA: rats exposed to Apo showed significantly increased 
DA content (14) while rats exposed to IDPN showed 
significantly decreased DA content (23). The TS models 
with different alterations in DA make it possible to 
investigate multiple therapeutic values of drugs on the 
neurotransmitter. Thus, in the current study, to investigate 
the regulating effect of NDG on extracellular DA 
content in TS, we selected these two pharmacological 
manipulations, Apo and IDPN, to imitate both of these 
pathogenic forms of the DA hypothesis. 
 DA is a key monoamine neurotransmitter in the brain 
with a regulatory role for motor and limbic functions 
(7). Lots of evidence gave us a signal that dopamine 
is the final common neurobiological pathway for the 
expression of TS symptoms (25,26). It is transported 
across the pre-synaptic neuron membranes by DAT. After 
reuptake by DAT, DA was transformed into HVA in 
neurons and released into the blood. In the present study, 
we found that NDG similar to Hal could effectively 
improve stereotypic behaviors including continuous 
sniffing, biting, licking, head bobbing, body climbing 
and so on in both Apo and IDPN induced TS rat models. 
We also found that NDG could help make a gradual 
recovery of the abnormal striatal DA content from both 
increased and decreased levels, while Hal caused no 
significant alternation of extracellular DA level in either 
TS rat model. These findings indicated that NDG could 
regulate striatal DA concentration dually in these two TS 
rat models, which made quite distinct effects on striatal 
DA content compared to Hal. 
 Since the pathogenesis of TS is complicated, the 
dual regulating effect of NDG might have superiority 
compared to the Hal with a single-target pharmacological 
mechanism. Because of the highly heterogeneous nature 
of the human body, such as age, gender, states, and 
comorbidities, there could be large differences in real 
pathological changes among TS patients, even though 
the anatomical structures and physiological functions of 
their bodies are nearly the same. The chief pathological 

alterations of some TS patients, who respond well to 
Hal, might be the up-regulated density and/or sensitivity 
of D2 receptors. However, in some other TS patients, 
the elevated striatal DA release might be a main aspect 
for the occurrence of the disorder. In this case, the ideal 
effect of Hal on them must be hard to achieve. Thus, with 
the displayed properties in normalizing the dopaminergic 
dysfunction caused by more than one mechanism, NDG 
might have a positive effect in either of them.
 To further uncover the probable mechanism of 
the dual regulating effect of NDG on extracellular 
DA release, extracellular HVA content and DAT 
protein expression were measured. HVA is generally 
regarded as a main metabolite of DA in the central 
nervous system. DAT is a high-affinity glycoprotein 
localized exclusively at the presynaptic membrane of 
DA neurons. It plays an important role for maintaining 
sufficient DA levels for release into the synaptic cleft 
in the striatum, in other words, it is responsible for 
modulating extracellular DA concentration by uptake 
of the released DA into nerve terminals (27,28). 
Furthermore, recent studies have highlighted the 
primary role of DAT, not only in the regulation of 
the extracellular concentration of DA, but also in the 
homeostatic maintenance of presynaptic function 
(29). Our findings indicate that NDG could elevate 
DAT expression when DA release was up-regulated 
and decrease DAT expression when extracellular 
DA concentration was down-regulated, while in the 
extracellular concentration of HVA, the NDG treatment 
caused no remarkable changes. It could therefore 
be speculated that the main mechanism of the dual 
regulating effect of NDG on extracellular DA release 
might be related to DAT protein expression in TS. The 
DAT-mediated re-uptake system controls the intensity 
as well as the duration of dopamine actions at synaptic 
receptors. In addition, since the NDG treatment made 
no remarkable changes in the extracellular HVA 
content, it could therefore be speculated that the dual 
regulating effect of NDG on extracellular DA release 
might not be through the metabolic pathways. In all, 
DAT might be critically involved in the dopaminergic 
dysfunction associated with TS and might be an 
essential factor for the management of TS.
 In conclusion, to make a significant improvement 
in stereotypic behavioral abnormalities of TS rats Hal 
is given and NDG could regulate the extracellular DA 
concentration dually: it could make a gradual recovery 
in extracellular DA content from both up-regulated 
and down-regulated levels, while Hal showed no 
conspicuous effect on the same neurotransmitter. The 
main mechanism of the dual regulating effect of NDG 
on extracellular DA release might be related to DAT 
protein expression in TS, through which the released 
DA is re-uptaken into nerve terminals. Taken together, 
compared with conventional single-target anti-tics drugs 
such as Hal, NDG with the dual regulating effect would 



www.biosciencetrends.com

BioScience Trends. 2015; 9(4):245-251. 251

be more significant for the treatment of TS. The unique 
therapeutic property of NDG might be meaningful for 
the treatment of TS.
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1. Introduction

Renal cell carcinoma (RCC), the most common 
malignancy involving the kidney, originates in the renal 
tubular epithelium of the urinary system. Its incidence 
in China is 2% to 3% in adults, making it second only 
to bladder cancer (1), but its mortality is the highest of 
all tumors in the urinary system (2). Fortunately, the 
high incidence of small renal masses (SRMs) over the 
past few decades can be partly attributed to increased 
sensitivity and widespread use of imaging modalities 
such as computed tomography (CT), ultrasonography 

(US), and magnetic resonance imaging (MRI) (3). 
Detection and treatment in the earliest possible stage 
is key to reducing mortality. Conventional ultrasound 
(CUS) is a readily available, inexpensive, non-invasive, 
and non-ionizing imaging modality to detect renal 
masses, but it has limited use when attempting to 
differentiate between RCC and renal angiomyolipoma 
(AML). A safe and accurate imaging modality is needed 
to differentiate between RCC and AML, and  contrast-
enhanced ultrasound (CEUS) using microbubble-based 
contrast agents has garnered increasing attention in this 
regard (4,5).
 Dynamic observation of enhancement features on 
CEUS provides an accurate characterization of lesions, 
and this helps to determine other examinations that are 
needed for a faster and more precise diagnosis. Some 
studies have reported that CEUS is useful in detecting 
and diagnosing RCC (6-7), but there is a dearth of 
literature investigating its value in the differential 
diagnosis of SRMs. 
 The aim of  this  s tudy was to evaluate  the 
characteristics of SRMs on CEUS and to determine 

Summary The aim of this study was to explore the value of contrast-enhanced ultrasound (CEUS) 
in differentiating small renal masses. A total of 102 small renal masses (≤ 3 cm) in 99 
patients were examined using conventional ultrasound (CUS) and CEUS, and the findings 
were reviewed and evaluated in comparison to pathology. Significant differences between 
renal cell carcinomas (RCCs) and angiomyolipomas (AMLs) were noted in terms of the 
orientation and echogenicity on CUS (p < 0.05 for both), but the location, shape, margins, 
homogeneity, and blood flow signals of RCCs on color Doppler flow imaging (CDFI) were 
similar to those of AMLs (p > 0.05 for all). On CEUS, however, the enhancement intensity, 
washout in the late phase, and perilesional rim-like enhancement differed significantly for 
RCCs and AMLs (p = 0.000 for all). Significant differences between CEUS and CUS in 
terms of sensitivity (88.9% vs. 55.6%), the negative predictive value (68.0% vs. 29.5%), the 
false negative rate (9.9% vs. 44.5%), and accuracy (88.3% vs. 58.9%) were noted (p < 0.05 
for all). CEUS, with its unique features, has value in diagnosing small RCCs and AMLs and 
outperforms CUS in differentiation of small RCCs and AMLs.
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whether CEUS is better than US at diagnosing small 
RCC.

2. Materials and Methods

2.1. Patient selection

Between September 2011 and March 2015, a total of 
268 renal masses in 261 consecutive patients were 
examined with CEUS after detection with baseline 
CUS. Of 268 renal masses, 166 (in 162 patients) were 
excluded either because they were large in size (> 3 
cm) or because subsequent pathology results were 
unavailable. Patients with a pathologic diagnosis of 
a simple cyst, oncocytoma, a metastatic tumor, an 
adenoma, or and a Wilm's tumor were also excluded. 
Thus, this study examined 102 masses in 99 patients, 
79 patients with RCC (ages ranging from 25-87, mean 
56.6 ± 16.5 years), and 20 patients with AML (ages 
ranging from 25-87, mean 56.6 ± 16.5 years). An open 
or laparoscopic partial nephrectomy was performed for 
all of the masses that were studied. Table 1 shows the 
baseline characteristics of patients.
 This study was approved and supervised by this 
Hospital's institutional review board, and informed 
consent was obtained from each patient.

2.2. CUS

CUS was performed using an Acuson S2000 ultrasound 
system (Siemens Medical Solutions, Mountain View, 
CA, USA) with a 4C1 convex transducer (frequency 
range: 1.0-4.0 MHz). All examinations were performed 
by a single radiologist (C.L.) with 13 years of 
experience in abdominal US and 9 years in CEUS. The 
long-axis view of the kidney was obtained by placing 
the probe over the lower back with the patient in the 
lateral position. Imaging settings such as time gain 
compensation (TGC), total gain, depth, and focal zone 
were optimized to ensure adequate image quality. CUS, 
both gray-scale ultrasound and color Doppler flow 
imaging (CDFI), was performed to detect and reveal 

renal masses. After CUS, all patients underwent CEUS.

2.3. CEUS

CEUS was performed using contrast pulse sequencing 
(CPS) technology integrated in the Acuson S2000 
unit at a mechanical index of 0.05-0.07. CEUS was 
performed by the same radiologist who performed 
CUS (C.L.). CPS allows continuous low-mechanical-
index (MI) imaging with a high microbubble tissue 
ratio. The depth of focus was 7 to 10 cm at the bottom 
of the lesion. The US contrast agent used in this study 
was SonoVue (Bracco, Milan, Italy), which consists of 
sulfur hexafluoride (SF6) -filled microbubbles stabilized 
with phospholipids. Before use, an ampoule of 5 mg 
of SonoVue was shaken with 5 ml of normal saline 
to serve as a microbubble suspension. A bolus of 1.2 
ml of SonoVue suspension was injected intravenously 
followed by a 5-ml saline flush. A timer and video 
recorder were activated at the same time the contrast 
agent was administered. The tumor and renal cortex 
were observed continuously for at least 3 min., and the 
images and video clips for each detected mass were 
saved to a local hard drive for subsequent analysis.

2.4. Image review and data evaluation

Two radiologists (D.X.H. and F.L.), both blinded to 
the pathologic diagnosis, independently reviewed 
all renal images and video clips of CUS and CEUS 
saved on the local hard drive. The two radiologists, 
one with 7 and the other with 9 years of experience 
in abdominal US, had over 4 years of experience in 
reading CEUS images. The CUS characteristics that 
were documented and described included location, 
shape, orientation, margins, echogenicity, homogeneity, 
and vascularity. Characteristic changes in enhancement 
on CEUS were evaluated and recorded, including the 
initial enhancement time, the extent and pattern of 
enhancement, and dynamic changes in enhancement. 
The echotexture or signal intensity from the tumor was 
identified as hyperechoic, isoechoic, or hypoechoic in 
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Table 1. Baseline characteristics of patients

Characteristics

Gender

Laterality

Tumor location

Surgical methods

Description

Male
Female

Left kidney
Right kidney

Upper pole
Middle part
Lower pole

Open PN
Laparoscopic PN

RCC (n = 81)

56 (69.1)
25 (30.9)

45 (55.6)
36 (44.4)

17 (22.2)
43 (49.4)
21 (28.4)

28 (34.6)
53 (65.4)

AML, angiomyolipoma; RCC, renal cell carcinoma; PN, partial nephrectomy. Values are presented as the number (%).

   AML (n = 21)

12 (57.1)
  9 (42.9)

10 (47.6)
11 (52.4)

  6 (28.6)
10 (47.6)
  5 (23.8)

  5 (23.8)
16 (76.2)

   χ2

1.079

0.123

0.551

0.882

   p

0.299

0.516

0.759

0.343
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the sensitivity, specificity, positive predictive value, 
negative predictive value, and accuracy of CUS and 
CEUS. P < 0.05 was considered significant. Statistical 
analysis was performed using SPSS software version 
13.0 (SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Pathologic findings

A pathologic diagnosis was obtained for all masses via 
a laparoscopic or open partial nephrectomy. One single 
nodule was detected in 77 patients with RCC and 19 
patients with AML, and multiple nodules were detected 
in the remaining 3 patients. Of the patients with 
multiple nodules, 2 had RCC; 1 had 2 masses (1 in each 
kidney) and 1 had 2 nodules in the left kidney. One 
patient had AML with 2 nodules in the right kidney. 
Of the 102 renal masses, 81 (79.4%) were RCCs and 
21 (20.6%) were AMLs. The 81 RCCs were clear cell 
carcinoma (68, 84.0%), papillary carcinoma (8, 9.9%), 
chromophobe carcinoma (4, 4.9%), or collecting duct 
carcinoma (1, 1.2%).

3.2. CUS features of small RCCs and AMLs

The mean maximum diameter of the renal masses, 
obtained from CUS, was 1.81 ± 0.59 cm (1.0 to 3.0 cm) 
for RCCs and 1.77 ± 0.52 cm (1.2 to 3.0 cm) for AMLs 
(p > 0.05). Significant differences between RCCs and 
AMLs in terms of the orientation and echogenicity on 
CUS were noted (χ2 = 4.646, 20.560; p = 0.031, 0.000, 
respectively). However, there were no significant 
differences between RCCs and AMLs in terms of 
location (χ2 = 0.424; p = 0.809), shape (χ2 = 0.981; p = 
0.322), margins (χ2 = 0.293; p = 0.588), homogeneity (χ2 
= 0.036; p = 0.850) and blood flow signals in CDFI (χ2 

comparison to the adjacent renal cortex, and the pattern 
was identified as homogeneous and inhomogeneous. 
CEUS was divided into a wash-in phase (7-15 s to 35-
40 s after contrast injection) and a wash-out phase (41-
46 s to 180 s) in conjunction with vascular perfusion of 
the renal cortex. The wash-in and wash-out of contrast 
in renal masses were described as faster than, slower 
than, or in sync with perfusion of the adjacent renal 
cortex. "Pseudocapsule enhancement" around the tumor 
on CEUS was defined as rim-like enhancement that 
became more distinct in the late phase. Masses were 
classified as malignant or benign depending on the 
image characteristics and the radiologists' experience. 
On CUS, masses with hypoechogenicity or iso-
echogenicity and that were oriented outward from the 
renal capsule were defined as RCC, and those with 
hyperechogenicity or iso-echogenicity and that were 
oriented inward at the renal capsule were defined as 
AML. On CEUS, masses with hyperenhancement 
or iso-enhancement and with fast wash-in and/or 
fast wash-out or rim-like enhancement were defined 
as RCC, and those with hypoenhancement, iso-
enhancement, or synchronous enhancement in the 
wash-in phase and wash-out phase were defined as 
AML.
 The two radiologists made independent diagnoses 
and conclusions. In the event their conclusions differed, 
they consulted to reach a mutually acceptable final 
conclusion.

2.5. Statistical analysis

Continuous data were expressed as a percent or mean ± 
standard deviation (SD). An Independent-Sample t test 
was used to compare the size of the RCCs and AMLs. 
A chi-square test was performed to compare the image 
characteristics of RCCs and AMLs and to analyze 

Table 2. Characteristics of small RCC and AML in CUS

Lexicon

Shape

Margins

Orientation

Echogenicity

Homogeneity

Blood flow signals in CDFI

Description of lesions

Round/Oval
Irregular

Circumscribed
Indistinct

Inward at the renal parenchyma
Outward from the renal capsule

Hypoechoic
Iso-echoic
Hyperechoic

Homogeneous
Heterogeneous

With
Without

   RCC (n = 81)

75 (92.6)
  6 (7.4)

76 (93.8)
  5 (6.2)

54 (66.7)
27 (33.3)

41 (50.6)
25 (30.9)
15 (18.5)

67 (82.7)
14 (17.3)

18 (48.1)
63 (51.9)

AML, angiomyolipoma; RCC, renal cell carcinoma. Values are presented as the number (%). 

   AML (n = 21)

18 (85.7)
  3 (14.3)

19 (90.5)
  2 (9.5)

19 (90.5)
  2 (9.5)

  2 (9.5)
  5 (23.8)
14 (66.7)

17 (81.0)
  4 (19.0)

  4 (23.8)
17 (76.2)

    χ2

  0.981

  0.293

  4.646

20.560

  0.036

  0.099

   p

0.322

0.588

0.031

0.000

0.850

0.753
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= 0.099; p = 0.753). Table 2 details the image features 
of RCC and AML on CUS. 

3.3. CEUS features of RCCs and AMLs

RCCs and AMLs differed significantly in enhancement 
intensity, wash-out in the late phase, and perilesional 
rim-like enhancement (p = 0.000 for all), but there were 
no significant differences in homogeneity and wash-in in 
the early phase (p > 0.05 for both) (Table 3). The typical 
characteristics of RCCs were hyperenhancement (64/81, 
79.0%), homogeneous enhancement (54/81, 66.7%), 
wash-out of contrast earlier than that in the peripheral 
cortex in the late phase (63/81, 77.8%), and peripheral 
rim-like enhancement (45/81, 55.6%) (Figure 1), whereas 
the dominant features of AMLs were iso-enhancement 
(13/21, 61.9%), homogeneous enhancement (18/21, 
85.7%), wash-in of contrast in sync with perfusion of 
the peripheral cortex in the early phase (11/21, 52.4%) 
and wash-out of contrast later than that in the peripheral 
cortex in the late phase (10/21, 47.6%) (Figure 2).

3.4. Comparison of the diagnostic value of CUS and 
CUES

Of the 102 masses, 51 were diagnosed as malignant 
and 51 were diagnosed as benign based on CUS, 
while 77 masses were diagnosed as malignant and 
25 were diagnosed as benign based on CEUS. CEUS 
significantly outperformed CUS in differentiating 
SRMs (Table 4). Although CEUS and CUS were similar 
in terms of their specificity (80.9% vs. 71.4%), positive 
predictive value (94.8% vs. 88.3%), and false positive 
rate (19.1% vs. 28.6%) (p > 0.05 for all), they differed 
significantly in terms of their sensitivity (88.9% vs. 
55.6%), negative predictive value (68.0% vs. 29.5%), 
false negative rate (9.9% vs. 44.5%), and accuracy 
(88.3% vs. 58.9%) (p < 0.05 for all).

4. Discussion

RCC is a malignant neoplasm that requires total or 
partial nephrectomy, and thus definite differentiation 

Figure 1. A 57-year-old man with clear cell renal carcinoma. CUS revealed a hypoechoic small renal mass located in the 
middle of the right kidney (short arrows). (A) CEUS imaging in the early phase revealed heterogeneous hyperenhancement. 
Peritumoral rim-like enhancement was observed (long arrows); (B) CEUS imaging in the late phase indicated that the region of 
the tumor was washed out with heterogeneous hypoechogenicity (long arrows).

Table 3. Characteristics of small RCC and AML in CEUS

Enhancement pattern

Intensity

Homogeneity

Wash-in phase

Wash-out phase

Rim-like enhancement

Enhancement of lesions

Hyperenhancement 
Iso-enhancement
Hypoenhancement

Heterogeneous
Homogeneous

Faster
Synchronous
Slower

Faster 
Synchronous 
Slower

Without
With 

   RCC (n = 81)

64 (79.0)
10 (12.3)
  7 (8.7)

27 (33.3%)
54 (66.7%)

37 (45.7)
32 (39.5)
12 (14.8)

63 (77.8)
13 (16.0)
  5 (6.2)

36 (44.4)
45 (55.6)

AML, angiomyolipoma; RCC, renal cell carcinoma. Values are presented as the number (%).

   AML (n = 21)

  3 (14.3)
13 (61.9)
  5 (23.8)

  3 (14.3)
18 (85.7)

  3 (14.3)
11 (52.4)
  7 (33.3)

  2 (9.5)
  9 (42.9)
10 (47.6)

19 (90.5)
  2 (9.5)

    χ2

32.062

  2.914

  7.917

37.227

  8.700

   p

0.000

0.088

0.019

0.000

0.003
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between RCCs and benign masses is essential. Imaging 
studies such as CT, MRI, and US are essential to surgery 
to treat renal carcinomas. Among these modalities, 
CUS is usually the first choice for the diagnosis 
of RCC in China because it is readily accessible, 
inexpensive, noninvasive, and provides images in real 
time. However, CUS may be limited because of its 
lower accuracy in the characterization of some renal 
masses, and particularly small masses. The current 
study showed that, among all of the characteristics 
on CUS, only orientation and echogenicity allowed 
the differentiation of RCCs and AMLs. To the extent 
known, hypoechoic renal masses are mostly considered 
to be malignant while hyperechoic and iso-echoic 
renal masses are often referred to as benign. However, 
RCCs that were hyperechoic were noted in 15 masses 
(18.5%) and RCCs that were iso-echoic were noted 
in 25 masses (30.9%). Two AMLs (9.5%) were 
hypoechoic on gray-scale US in this study. Forman et 
al. (8) reported that approximately 30% of small RCCs 
appear as hyperechoic, which is how small benign 
renal masses similarly appear. In the current study, 6% 
of the benign renal masses were atypically iso-echoic 
and 29% of those masses were slightly hyperechoic. 
Moreover, small RCCs were similar to small AMLs in 
shape, margins, and homogeneity; both were mostly 
round/oval, circumscribed, and homogeneous in the 
present study. Just as US echogenicity is unreliable in 
differentiating solid renal masses, conventional color 

Doppler US may have limited ability to detect intra-
tumoral vascularity in RCCs, with a sensitivity of 41% 
according to one source (9). The present study found 
that CDFI was not effective in the differentiation of 
the SRMs because of its low sensitivity. Therefore, 
further imaging studies are needed for patients with 
uncharacterized SRMs.
 As a result of the recent development of microbubble 
contrast media and imaging techniques, CEUS has 
been actively used in the detection and differentiation 
of lesions in parenchymatous organs. Microbubble 
contrast agents, with a diameter ranging from 1-10 μm 
(median 2 μm), cannot be filtered by the lungs or enter 
interstitial fluid. Therefore, they are considered to be 
pure blood pool agents (10). Under US, microbubbles 
alternately contract and expand with the same resonance 
frequency as US waves by amplifying the ultrasound 
signal. Advantages of CEUS imaging include the ability 
to detect microvasculature that can be overlooked by 
CDFI. In addition, CEUS allows continuous dynamic 
imaging after injection as opposed to the intermittent 
static acquisitions possible with CECT and MR. 
SonoVue has been used to successfully detect and 
characterize focal liver lesions and their vascularity (11). 
SonoVue microbubbles consist of a sulphur hexafluoride 
gas with a phospholipid shell. This contrast agent is 
metabolized by the liver, and the sulphur hexafluoride 
gas is exhaled via the lungs. Therefore, it is relatively 
harmless with a lower incidence of adverse reactions, 

Figure 2. A 65-year-old man with angiomyolipoma. CUS revealed a hyperechoic small renal mass located in the middle of 
the right kidney (short arrows). (A) CEUS imaging in the early phase revealed homogeneous hyperenhancement similar to the 
peritumoral renal cortex (long arrows). There was no distinct boundary between the mass and the renal cortex; (B) CEUS imaging 
in the late phase showed that the region of the tumor was washed out in sync with perfusion of the peritumoral renal cortex (long 
arrows). 

Table 4. Diagnostic performance of CUS and CEUS in comparison to pathology results

Modality

CUS
CEUS
χ2 
p

Sensitivity

45/81(55.6)
73/81(88.9)
3.883
0.049

Specificity

15/21(71.4)
17/21(80.9)
0.071
0.790

CUS, conventional ultrasound; CEUS, contrast-enhanced ultrasound; PPV, positive predictive value; NPV, negative predictive value; FPR, false 
positive rate; FNR, false negative rate. Values are presented as the number (%).

PPV

45/51(88.3)
73/77(94.8)
0.075
0.784

NPV

15/51(29.5)
17/25(68.0)
3.878
0.049

FPR

6/21(28.6)
4/21(19.1)
0.324
0.569

FNR

36/81(44.5)
8/81 (9.9)
14.276
0.000

Accuracy

60/102(58.9)
90/102(88.3)
7.080
0.008
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such as nephrotoxicity (12). In addition, CEUS has 
advantages over CT and MRI including unmatched 
temporal resolution due to continuous real-time imaging 
and potential cost savings (13). Moreover, CEUS is 
suitable for patients with a metal implant who cannot 
undergo MRI. Updated in 2011, the guidelines of the 
European Federation of Societies for Ultrasound in 
Medicine and Biology (EFSUMB) recommend kidney 
CEUS for patients with renal artery stenosis, renal 
ischemia, and focal renal lesions, for the differentiation 
of solid renal masses and pseudotumors, and for the 
characterization of complex cystic masses and renal 
infections (14). Previous studies have found that CEUS 
is useful in differentiating malignant renal masses from 
benign ones (6,7). However, few studies have focused 
on the usefulness of CEUS in differentiating SRMs. The 
purpose of the present study, therefore, was to investigate 
the value of CEUS in the differential diagnosis of small 
RCCs and AMLs.
 This study showed that CEUS outperformed CUS 
in the diagnosis of small renal tumors, as is evident 
in Table 4. The current findings were consistent with 
the results of previous studies. In a prospective study 
of 49 lesions (38 RCCs and 11 AMLs), Oh et al. (15) 
reported that CEUS had a sensitivity of 86.8%, a 
specificity of 63.6%, an accuracy of 81.6%, a positive 
predictive value of 89.2% and a negative predictive 
value of 58.3%. In a study of 137 lesions (117 RCCs 
and 20 AMLs), Ignee et al. (6) reported that CEUS had 
a sensitivity of 97%, a specificity of 45%, an accuracy 
of 90%, a positive predictive value of 91%, and a 
negative predictive value of 75%. The high diagnostic 
accuracy of CEUS can be ascribed to its performance 
in assessing vascular morphology and its enhancement 
patterns that allow evaluation of the micro- and macro-
circulation of tumors. 
 Dynamic observation of blood perfusion with CEUS 
can provide more useful diagnostic information for the 
differentiation of RCCs and AMLs. The present study 
noted rapid accumulation of contrast media in the form 
of hyperenhancement in the early phase (64/81, 79%), 
followed by early washout in the late phase for most 
RCCs (63/81, 77.8%). In contrast, most AMLs (13/21, 
61.9%) mainly had slow accumulation of contrast 
agents in the form of iso-enhancement, followed by 
a slow wash-out (10/21, 47.6%). Such findings may 
be related to the pathologic changes produced by 
RCCs and AMLs. RCC is characterized by numerous 
immature thin-walled blood vessels with widespread 
arterio-venous fistulas (16), whereas AML is a 
mesenchymal tumor consisting of a variable proportion 
of fat tissue, spindle and epithelioid smooth muscle 
cells, and abnormally thick-walled blood vessels (17). 
 Previous studies reported that  RCCs often 
demonstrated heterogeneous enhancement on CEUS, 
which can be attributed to the fast growth of those 
malignant tumors. When the blood supply to the RCC 

cannot satisfy the growth of the tumor, intratumoral 
necrosis may result (18). AML, a benign tumor 
with slow growth, is unlikely to develop necrosis 
and it displays inhomogeneous enhancement. In the 
present study, there were no significant differences 
between RCCs and AMLs in terms of the frequency 
of homogeneous enhancement (66.7% vs. 85.7%; 
p > 0.05). This might be explained by the fact that 
the masses included in this study were smaller than 
those in previous studies and that there is a relatively 
low incidence of necrosis in small masses. Lu et al. 
(19) reported that CEUS resulted in homogeneous 
enhancement for all AMLs (n = 18) and for 34.3% of 
RCCs (n = 105). However, the maximal diameter of the 
masses ranged from 1.0 cm to 11.5 cm (mean 4.3 ± 2.1 
cm). Jiang et al. (20) analyzed CEUS features of clear 
cell renal cell carcinoma in relation to tumor size, and 
they found that tumors ≤ 3 cm (72%) had a significantly 
higher frequency of homogeneity than did tumors > 
3cm (9%) (p < 0.05).
 Rim-like enhancement around the tumor might 
represent the tumoral pseudocapsule resulting from 
compression, ischemia, and necrosis produced by 
tumor growth in the adjacent normal parenchyma, 
with subsequent deposition of fibrous tissue (21). The 
present study noted significant differences between the 
rim-like enhancement of RCCs and AMLs (p = 0.000). 
However, rim-like enhancement was observed in only 
55.6% (45/81) of RCCs, which is similar to the figure 
(56.7%, 34/60) reported by Jiang et al. (20) in clear 
cell RCCs ≤ 3 cm. However, this figure is significantly 
lower than that in other studies. Xu et al. (22) reported 
noting rim-like enhancement in 79.6% (74/93) of 
RCCs. This difference may be due to the small size of 
the masses in the current study and the study by Jiang 
et al. (20). The current study found that 2 (9.5%) AMLs 
displayed incomplete rim-like enhancement. This 
might be related to the distribution of blood vessels in 
AMLs. Rim-like enhancement of AMLs needs to be 
investigated further.
 The current study has several limitations. First, this 
study examined fewer AMLs than RCCs, so a larger 
sample size is needed for further evaluation. Second, 
this study included few papillary RCCs, chromophobe 
RCCs, or chromophobe RCCs. A larger set of samples 
is needed to further confirm the enhancement features 
of these RCCs. Finally, CEUS has limited ability to 
image the kidneys because of the interference of bowel 
gas, the ribs, and large body habitus (obesity), and 
CEUS can be influenced by the lesion location, as is 
true of CUS. In such instances, CECT can provide 
additional information.
 Based on the present findings, the unique features 
of CEUS are useful in evaluating SRMs with a higher 
level of accuracy than CUS. CEUS may serve as a 
promising modality in the differential diagnosis of 
small RCCs and AMLs.
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1. Introduction

The human immunodeficiency virus (HIV) epidemic 
remains a major public health challenge globally (1,2). 
Case reporting data show that there were a reported 
437,000 people living with HIV and a reported 136,000 
deaths at the end of 2013 in China (3). With the rapid 
scale-up of resources investment, M&E has become 
a significant step for HIV prevention and control. In 
China, the government had already developed a national 
framework and an operational manual in 2007 and 2008 
which symbolized that China had entered a new phase 
with more scientific and standardized management for 
HIV M&E system (4,5). 
 However, the following midterm evaluation of the 
"China Action Plan for HIV Prevention and Control 
(2006-2010)" showed that the framework did not 
function at an optimum level (6,7). The barriers have 
seriously hindered the progress of China's national 

HIV M&E system. China has to rearrange the relevant 
information as a whole and use the international 
standards for reference.
 The "Organizing Framework for a Functional 
National HIV/AIDS M&E System" was published by 
UNAIDS in 2008 (8). It described 12 main components 
of a multi-sectoral HIV M&E system, formed the basis 
for M&E system assessments, and guided capacity 
development for M&E systems (9-12). The following 
"12 Components M&E System Strengthening Tool" 
provided further clarification about the individual 
questions in the 12 components (13).
 The M&E system strengthening tool consists of 12 
components for 3 domains. The first part is composed 
of 6 components, which are "A multi-sectoral HIV 
M&E system including organizational structures with 
HIV M&E functions", "Human capacity for HIV 
M&E", "Partnerships to plan, coordinate and manage 
the M&E System", "National, multi-sectoral HIV 
M&E Plan", "Annual, costed, national HIV M&E 
work plan", "Communication, advocacy and culture 
for HIV M&E". It is the outer ring which includes 
individuals, organizations, functions/actions, and the 
organizational culture that are fundamental to improve 
and sustain M&E system performance. The second part 
is composed of 5 components, which are "Routine HIV 

Summary Monitoring and evaluation (M&E) for human immunodeficiency virus (HIV) capacity 
building has become a significant step for HIV prevention and control. The M&E system 
strengthening tool published by the United Nations Joint Programme on HIV/AIDS 
(UNAIDS) was intended to be the most authoritative assessment tool internationally. Facing 
the fact that the M&E system in China did not function at an optimum level, we considered 
taking the international standards for reference. By linguistic validating and different 
stages’ discussions and revisions, we came up with the Chinese version of the capacity 
diagnosis tool with at least 12 components and tested its validity and reliability. The tool 
turned out to have a sufficiently linguistic validation and proved to be a scientific and 
feasible instrument which was suitable for China's national conditions.
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programme monitoring", "Surveys and surveillance", 
"National and sub-national HIV databases", "Supportive 
supervision and data auditing", "HIV evaluation and 
research agenda". It is the middle ring that focuses 
on the mechanisms through which data are collected, 
verified and analyzed. The third part is the component 
"Data dissemination and use" and it is the center which 
represents the primary purpose of the M&E system, i.e., 
using data for decision-making (12). 
 This tool was the product of a comprehensive review 
and consolidation of existing assessment tools. It could 
not only provide a comprehensive assessment of the 12 
components of a national HIV M&E system, but also 
replace the multiple assessment tools with the same 
intent, thereby reducing redundancy and standardizing 
the assessment for independent departments (12,14). It 
had been endorsed by the global M&E Reference Group 
(MERG) and intended to be the most authoritative 
assessment tool internationally for HIV M&E system to 
enhance their performance (14). Until now, no Chinese 
version has been put forward or tested in the current 
research.
 In order to make an accurate and appropriate 
assessment of relevant research, an attempt was made 
in this study to perform a linguistic validation of the 
tool, to develop the Chinese version of M&E system 
strengthening tool and to examine the reliability and 
validity according to China's HIV epidemic situation, 
prevention and control environment as well as the M&E 
operating mechanism. We hope to provide measuring 
tool and theoretical reference for China's national 
HIV M&E system and to ensure effective and specific 
strategies for HIV M&E capacity building.

2. Materials and Methods

2.1. Linguistic validation

A well-established 3-phase linguistic validation 
procedure was used after obtaining approval for 
translation from UNAIDS. 
 Phase 1: Two bilingual Chinese translators, both of 
whom understood the content and purpose of the tool 
perfectly, collaborated to translate the original UNAIDS 
version from English into Chinese and avoided errors in 
the forward translation. An agreement on the forward-
translated version of the tool in Chinese was reached 
during a committee between the two translators and 
another bilingual Chinese who had prior experience of 
linguistic and health policy (15).
 Phase 2: Followed the suggestions of Diane et al. 
(16,17), this first translation was sent separately to two 
bilingual native-English-speaking translators who were 
specialists in health policy and had not seen the original 
tool. Once the two back-translations were completed, 
another meeting was held with the same committee 
members to discuss the discrepancies among the 

forward-translated version (Chinese), the back-translated 
version (English) and the original UNAIDS version. 
 Phase 3: We invited 5 experts to comment on the 
questionnaire items and instructions. Revisions were 
made accordingly to ensure the translation did not differ 
conceptually from the original UNAIDS version.
 After the 3-phase linguistic validation procedure, we 
obtained the first version of the tool. 
 The research group, at the same time, determined 12 
agencies/departments for our study at different levels 
preliminarily. Specifically, there were HIV working 
committee office, member units, Centers for Disease 
Control (CDC) and social organizations at the provincial 
level, HIV working committee office, CDC, medical 
institutions, social organizations at the municipal level, 
HIV working committee office, CDC, community health 
service institutions and social organizations at the district 
level.

2.2. Focus group interviews

The interviews were divided into 3 rounds with 15 
experts in each group and facilitated by the principal 
researcher in our study group who had rich host 
experience and had participated in group interviews 
before. During the interviews, experts discussed the 
objects, the components and the questionnaires according 
to their working experience. These 45 experts, chosen 
from national, provincial, municipal and district levels, 
were specialists on HIV prevention and treatment system 
in theory and practice, which guaranteed the credibility 
and objectivity of the research. We got the second 
version of the tool after further adjustments and revisions 
with the experts.

2.3. Pilot study

To identify potentially misleading words or questions 
and to verify that the tool would be perfectly understood, 
a pilot study was conducted using the second version 
of the tool. We chose Fuyang city in Anhui province 
conveniently because the AIDS epidemic of the city 
is relatively serious throughout the province (18) and 
their AIDS prevention and treatment agencies kept good 
relationships with our research group. We selected 2 
key informants respectively in HIV working committee 
office, CDC, social organizations and 4 key informants 
in the member units. During the implementation of this 
pilot study, any possible doubts were answered and 
recorded. Then we had further modification about the 
questionnaire and obtained the final version of the tool.

2.4. Field trial study

We numbered all the 31 provinces of mainland China 
and randomly selected one province in the lower-level 
epidemics and one province in the higher-level epidemics 
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minimum eigenvalues > 1.00 or cumulative variance 
> 70% (23). Internal reliability was calculated through 
examination of Cronbach's Alpha. Reliability would be 
considered good if Cronbach's Alpha ranged between 0.7 
and 0.9 (24,25).

3. Results

3.1. Development of the final Chinese version of the tool

After different stages' discussions and revisions, we 
came up with the final Chinese version of the tool. 
Table 1 showed revisions in different versions and the 
process of changing we have been through. During the 
linguistic validation, 12 components with 127 questions 
for 12 different agencies/departments formed the first 
version of the tool. After the focus group interviews, 
we deleted medical institutions and community health 
service institutions and added member units at municipal 
and district levels as our assessment. We also cut 
several components and questions for some agencies/
departments and got the second version comprised of 12 
components with 97 questions for 12 different agencies/
departments. The following pilot study gave us a further 
modification about the questionnaires. We deleted 4 
questions that were repetitive or expressed the same 
meaning and deleted the "Not at all" option in 5-point 
scale and "Not Applicable" option in 3-point scale. After 
revisions about the answering formats, we developed the 
final Chinese version of the tool.

according to the lower and higher level epidemics 
distribution in China (19,20). Then we numbered all the 
cities in the two provinces and randomly selected one 
city in each province. After that, we selected one district 
in each city randomly based on the same method (21,22). 
After rigorous sample selection, we chose Anhui and 
Hunan province, and selected Hefei city and its Luyang 
district, Hengyang city and its Zhuhui district as our 
study sites. On the principle of convenience sampling, 
we then selected 2 key informants in HIV working 
committee office, CDC, social organizations and 4 key 
informants in the member units at each level. From 
December 2012 to February 2013, we sent questionnaires 
to all the 72 participants and 70 questionnaires were 
collected. 66 of them were valid questionnaires and the 
effective recovery rate was 91.7%. There were several 
invalid questionnaires because of incomplete filling or 
option leakage.

2.5. Analysis

All data were input using the EpiData (version 3.0) 
with double entry verification and statistical analyses 
were performed through the SPSS statistical package 
(Windows version 11.5, SPSS Inc., Chicago, Illinois, 
USA). Construct validity was established by principal 
component analysis with a varimax orthogonal rotation. 
Beforehand, Kaiser-Meyer-Olkin (KMO) and Bartlett 
tests were performed as measures of sampling adequacy. 
Criteria used to determine the components were 

Table 1. Revisions in diff erent versions of the tool

Revisions

Assessment Agency
     National Level

     Sub-National Level

Components

Numbers of Questions

Response Formats

The Original Version

National AIDS coordinating 
authority; Ministry of health 
AIDS control programme, 
etc.

Local government authority/
A I D S  c o o r d i n a t i n g 
authorities; Health facilities; 
Other implement of HIV 
services

12 for all the agencie

127

A 5-point scale;
A 3-point scale;
Numerical responses

The First Version

/

Provincial level: HIV working 
committee off ice,  CDC, 
member units and social 
organizations; Municipal 
l e v e l :  H I V  w o r k i n g 
committee off ice,  CDC, 
medical institutions, social 
organizations; District level: 
HIV working committee 
office, CDC, community 
health service institutions, 
social organizations

12 for all the agencie

127

A 5-point scale;
A 3-point scale;
Numerical responses

The Second Version

/

HIV working committee 
office, CDC, member units 
and social organizations at 
provincial level, municipal 
level and district level 
separately.

12, but different agencies 
c o n t a i n e d  d i f f e r e n t 
components

97

A 5-point scale;
A 3-point scale;
Numerical responses

The Final Version

/

HIV working committee 
office, CDC, member units 
and social organizations at 
provincial level, municipal 
level and district level 
separately.

12, but different agencies 
c o n t a i n e d  d i f f e r e n t 
components

93

A 4-point scale;
A 2-point scale;
Numerical responses
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 In the final version, the assessment agencies were 
HIV working committee office, CDC, member units 
and social organizations at the provincial, municipal and 
district levels. The assessment participants were key 
informants in the HIV prevention and treatment system. 
The response formats were 4-point scale, 2-point scale 
and numerical responses. There were 12 components 
with at least 93 questions and the specific component and 
its contents were shown in Table 2.
 In the meantime, different agencies/departments 
involved with different numbers of components and 
questions were shown in Table 3. For example, all 
the 12 components were contained for HIV working 
committee office at provincial level. Social organizations 
and member units at district level, however, deleted 
component 3, 4, 6, 7, 10, 11 and contained only 6 
components.

3.2. Field trial results

3.2.1. Sample description

66 respondents' age mainly ranged from 30 to 50 years 
old, and most of them had bachelor degree (Table 4). 
Participants distributed averagely at the provincial, 
municipal and district levels. Most participants' technical 
post levels were middle-level or advanced-level. Besides, 

the number of part-time professionals was more than 
the full-time ones. A full description summary of the 
respondents was provided in Table 4.

3.2.2. Internal reliability

Examination of internal reliability results revealed a 
Cronbach Alpha reliability coefficient of 0.826 and the 
results of each component at provincial, municipal and 
district level varied from 0.631 to 0.924.

3.2.3. Construct validity

In this study, the KMO value of the variables was 0.918, 
which was much higher than the acceptable threshold of 
0.5 (26). The Bartlett's test of sphericity result was high 
enough (χ2 = 19714.718) with significance p < 0.01 (27-
29). The results confirmed that the data were acceptable 
for factor analysis. Then we used the criteria of 
cumulative variance > 70% and 3 common factors were 
extracted by principal component analysis, explaining 
71.808% of the total variance. Rotated component matrix 
was revealed in Table 5. Specifically, factor 1 comprised 
components 1, 2, 3, 5, 6, 10 and could be defined 
as the layer of basic conditions. Factor 2 comprised 
components 4, 7, 8, 9 and could be defined as the layer 
of basic function. Factor 3 comprised components 11, 12 

Table 2. Components and contents in the fi nal Chinese version of the tool

No.

1

2

3

4

5

6

7

8

9

10

11

12

Component

A multi-sectoral HIV M&E system 
including organizational structures with 
HIV M&E functions

Human capacity for HIV M&E

Partnerships to plan, coordinate and 
manage the M&E system

National, multi-sectoral HIV M&E plan

Annual, costed, national HIV M&E 
work plan

Communication, advocacy and culture 
for HIV M&E

Routine HIV programme monitoring

Surveys and surveillance

National and sub-national HIV databases

Supportive supervision and data auditing

HIV evaluation and research agenda

Data dissemination and use

Content

There is an M&E unit/professional within the entity. The number of full-time and part-time M&E 
posts, etc.

There are written plans to support capacity building. M&E capacity is being built through on-the-
job training and routine examination, etc.

There are clearly responsibility descriptions for M&E technical working group. Multi-sectors are 
well coordinated with M&E institutions/departments, etc.

There are entity-specific and timely-update M&E framework and plans. The feasibility of the M&E 
plans has been well tested, etc.

There are annual working plans and cost budgeting for M&E programmes. There are clearly time 
schedules for planning implementation, etc.

There are advocacy activities to support M&E within the agency/organization, etc.

Guidelines and related databases are well performed for M&E. Mechanisms/ procedures are in 
place to provide data reports and systematic feedback, etc.

There are survey and surveillance conducted for M&E, etc.

There is a functional integrated database for data capturing and storing. IT equipment, supplies and 
human resources are available for maintaining the database, etc.

There are guidelines, tools and plans for supportive supervision. Supportive supervision results 
have been recorded and feedback are provided to supervises, etc.

There are demand survey, program planning, financial planning for HIV evaluation. There are joint 
HIV program reviews during annual reporting, etc.

HIV stakeholder information needs have been assessed.There are guidelines to support the analysis, 
presentation and use of data, etc.
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and could be defined as the layer of core purpose.

4. Discussion

Although it was the first attempt to translate the M&E 
system strengthening tool invented by UNAIDS 
into Chinese and to use it to gather data from M&E 

professionals in China, it showed great scientificity 
during the process of its development.
 During the linguistic validation, we chose the 
provincial, municipal and district levels as our study sites 
rather than the national level because the Chinese version 
of the tool was special for sub-national evaluation in 
China. And the assessment agencies/departments we 

Table 3. Numbers of components and questions in diff erent agencies/departments

Assessment Agency

Provincial Level
     HIV working committee office
     CDC
     Member units and social organizations

Municipal Level
     HIV working committee office
     CDC
     Member units and social organizations

District Level
     HIV working committee office
     CDC
     Member units and social organizations

Numbers of Components Involved

12
10
  7

10
  9
  7

  9
  8
  6

Deleted Components' No.

/
3, 4
3, 4, 6, 7, 10

3, 10
3, 4, 10
3, 4, 6, 7, 10

3, 10, 11
3, 4, 10, 11
3, 4, 6, 7, 10, 11

Numbers of Questions

93
77
49

75
67
49

66
58
42

Table 4. Characteristics of the study participants (n = 66)

Variables

Age Group
     20-29 years
     30-39 years
     40-49 years
     ≥ 50 years

Education Level
     High school or under
     Junior college
     Undergraduates
     Graduates or above

Agency Level
     Provincial
     Municipal
     District

No. (%)

  2 (0.030)
24 (0.364)
24 (0.364)
16 (0.242)

  4 (0.061)
  8 (0.121)
42 (0.636)
12 (0.182

22 (0.333)
24 (0.364)
20 (0.303)

Variables

Agency
     HIV working committee office
     CDC
     Member units
     Social organizations

Technical Post
     Advanced
     Middle
     Primary
     Others

Nature of Work
     Full-time
     Part-time

 No. (%)

11 (0.167)
12 (0.182)
22 (0.333)
21 (0.318)

16 (0.242)
16 (0.242)
  6 (0.091)
28 (0.424)

24 (0.364)
42 (0.636)

Table 5.Rotated component matrix

No.

1
2
3
4
5
6
7
8
9
10
11
12

Items

A multi-sectoral HIV M&E system including organizational structures with HIV M&E functions
Human capacity for HIV M&E
Partnerships to plan, coordinate and manage the M&E system
National, multi-sectoral HIV M&E plan
Annual, costed, national HIV M&E work plan
Communication, advocacy and culture for HIV M&E
Routine HIV programme monitoring
Surveys and surveillance
National and sub-national HIV databases
Supportive supervision and data auditing
HIV evaluation and research agenda
Data dissemination and use

1

0.798
0.689
0.735
0.033
0.772
0.788
0.315
0.082
0.339
0.818
0.155
0.228

2

0.059
0.251
0.392
0.807
0.095
0.218
0.756
0.605
0.603
0.313
0.318
0.135

3

0.056
0.132
0.274
0.348
0.249
0.102
0.102
0.042
0.189
0.328
0.511
0.609

Component
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chose were the current key positions for AIDS prevention 
and control system in China. Specifically, HIV working 
committee office was the chief mechanism for each site's 
coordination while member units helped build the multi-
sectoral HIV M&E system. CDC provided business and 
technical guidance for different departments, and social 
organizations gave assistance for resources integration. 
Besides, medical institutions and community health 
service institutions were the specific service providers.
 In order to make sure the tool was more suitable for 
the national conditions and specific HIV situation, we 
conducted focus group interviews. In this stage, experts 
helped us get a deeper and better understanding of HIV 
M&E system. 
 Firstly, we deleted medical institutions and 
community health service institutions because they were 
not familiar with M&E system and only responsible 
for antiviral therapy for AIDS patients. We also added 
member units at municipal and district levels at the same 
time because they could also provide sectoral assistance 
for M&E. 
 Secondly, unlike the UNAIDS version choosing 
all the components for all the agencies/departments, 
we selected the components and questions that were 
suitable for each agency/department and deleted the 
immeasurable ones because some agencies/departments 
did not contain all human and technical resources. 
For example, we deleted component 3 and 10 at both 
municipal and district levels because they were only 
responsible for data submitting and knowledge publicity 
and did not contain enough human and technical 
resources for the AIDS prevention and control system.
 Thirdly, the number of questions was far less than the 
original UNAIDS version. On the one hand, we deleted 
some questions that were only suitable for national 
conditions because the original version partly developed 
for national level's evaluation. For example, one question 
in component 3 is "International development partners 
actively participate in the National M&E Committee 
coordinated by National AIDS Coordinating Authority 
(NACA)", which was not applicable at the provincial, 
municipal and district levels we assessed. On the other 
hand, we deleted some questions that were not fit for 
China's specific situation. For example, one question in 
component 2 is "M&E human capacity relative to the 
M&E system is being built through colleges, universities 
or technical schools". There were no majors or related 
courses specialized for students or colleges currently and 
we offered on-the-job training for capacity building in 
China.
 In the stage of pilot study, we deleted 4 questions that 
were repetitive or expressed the same meaning to make 
the tool more readable and deleted the "Not at all" option 
in 5-point scale and "Not Applicable" option in 3-point 
scale because we found that all the questions could get 
corresponding answers during pilot study stage.
 In the field trial study stage, we tested the validity 

and reliability to find out whether these adjustments 
above were reasonable for the tool. All the Cronbach's 
Alpha reliability coefficients met the requirements of 
surveying and demonstrated good internal reliability of 
the questionnaire (30). Construct validity results also 
illustrated balance of resolution for each common factor. 
The three layers we defined were close to the UNAIDS 
version's expression. Specifically, the layer of basic 
conditions was corresponding to the outer ring which 
provided fundamental to improve and sustain M&E 
system performance, while the layer of basic function 
was corresponding to middle ring which guaranteed 
data collecting and analyzing. And the layer of core 
purpose was corresponding to the center domain which 
represented the purpose of the M&E system (8,12). 
 This study has some limitations that should be 
mentioned. Firstly, the sample size was not large enough 
owing to limitations of time and funds which would 
seriously affect the stability and reliability of the results 
to some extent. Secondly, during the field trial study, 
we selected only 12 agencies/departments which might 
also limit the representation of the samples. We need 
larger sample size and better revisions about the tool 
considering the changes of the AIDS epidemic trends 
and practical application situations in the following 
researches.
 In summary, this study was the first attempt to 
translate and develop the national HIV M&E capacity 
diagnosis tool in China. After multi-stage's discussion 
and modification, we selected some key components and 
questions to monitor and evaluate different agencies/
departments. Based on our findings, it reflected great 
scientificity and feasibility during the process of its 
development and was found to be a reliable and valid 
tool. However, HIV M&E turned out to be a systematic 
project and the development of the diagnose tool was just 
a basic step. We should therefore consider the assessment 
time, the assessment subject, the operating methods as 
well as the data analysis and feedback as a whole in 
the follow-up studies to ensure effective and specific 
guidance for HIV M&E capacity building in China.
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1. Introduction

An aqueous extract from the skin of toad Bufo bufo 
gargarizans Cantor is used as a source of the Chinese 
traditional medicine cinobufacini (1). The toad skin 
extract has been found to possess anticancer activity 
(2-4). Although the detailed nature of the ingredients 
contained in the extract remains unknown, recent 
studies have revealed that a series of bufosteroids 
such as bufalin, cinobufagin, and regibufogenin shows 
apoptosis-inducing activity against cancer cells via 
some cell signaling pathways (2,5-7).
 Carcinoma cells that begin in epithelial tissues first 
destroy basement membranes and start to infiltrate and 
invade into stromal tissues (8,9). In this process, various 
types of metalloproteinases are involved in degradation 
of matrix proteins such as collagens (10,11). Since cell 

infiltration and invasion is the first step of metastasis, it 
should be important to inhibit this step to control cancer.
 Our previous study reported a method for assessment 
of cancer cell invasion into reconstituted a type I 
collagen gel as a model stromal tissue that includes 
processes of freeze sectioning and azan staining (12). 
The method permits us to observe the distribution of 
the cells migrating into the collagen gels from the gel 
surface and to evaluate invading ability of cancer cells 
and inhibiting activity of compounds of interest against 
cancer cell invasion. The present study applied this 
method to analyze the effect of toad skin extract on cell 
migration into the model stromal tissue. We describe 
that toad skin extract may possess cancer cell migration-
preventing activity in addition to cell toxicity such as 
apoptosis-inducing activity.

2. Materials and Methods

2.1. Reagents

Toad skin extract cinobufatini was kindly provided by 

Summary Toad skin extract cinobufatini study has been focused on anticancer activity, especially 
apoptosis-inducing activity by bufosteroids. The present study examined effect of the toad 
skin extract on cancer cell migration into model stromal tissues. Human breast carcinoma 
cell line MDA-MB-231 was incubated in the presence or absence of toad skin extract on a 
surface of reconstituted type I collagen gel as a model stromal tissue allowing the cells to 
migrate into the gel. Frozen sections were microscopically observed after azan staining. 
Data showed a decrease of cell number in a microscopic field and shortening of cell 
migration into the model stromal tissue in a dose dependent manner. This suggests that 
toad skin extract may possess migration-preventing activity in addition to cell toxicity such 
as apoptosis-inducing activity. The multifaceted effects including apoptosis-inducing and 
cancer cell migration-preventing activities would improve usefulness of toad skin extract 
cinobufatini as an anticancer medicine.
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Anhui Jinchan Biochemical Co., Ltd., Anhui, China. 
Bovine skin collagen type I was purchased from (Koken, 
Tokyo, Japan) and diluted to 1 mg/mL in 0.05 M acetic 
acid before use. Reconstitution buffer used to prepare 
reconstituted type I collagen gels was 1 M Hepes buffer, 
pH 7.4, containing 10 M NaHCO3. All the chemicals 
used were of analytical grade.

2.2. Cells

Human breast carcinoma cell line MDA-MB-231 was 
obtained from American Type Culture Collection (ATCC; 
Rockville, MD, USA). The cells were maintained in 
high-glucose Dulbecco's modified Eagle's medium 
(DMEM; Invitrogen, Carlsbad, CA, USA) containing 
10% fetal calf serum (FCS) supplemented with 
penicillin-streptomycin and 2 mM glutamine at 37°C in 
a 5% CO2 atmosphere. The cells were harvested after 
preincubation in serum-free medium for 24 h at 37°C 
and subjected to experiments.

2.3. Bilayer reconstituted type I collagen gel

Bilayer reconstituted type I collagen gels were prepared 
in wells of an 8-well chamber slide (Nalge Nunc, 
Naperville, IL, USA) as described previously (12) with 
minor modifications. Briefly, lower gels were prepared 
by mixing 100 μL of 0.1% collagen solution with 10% 
FCS, DMEM, and reconstitution buffer (8:1:1, v/v) in an 
8-well chamber slide. Two-hundred μL of type I collagen 
solution without FCS was mixed with or without 1 μL of 
toad skin extract diluent and incubated on the lower gel 
at 37°C to form the upper gel.

2.4. Histochemical observation of cell distribution in 
the gel

Cell suspensions (105 cells/mL) were preincubated in 
the presence or absence of toad skin extract diluent 
for 30 min at 37°C. The suspension (250 μL each) was 
loaded onto the reconstituted type I collagen gel in a 
chamber slide and incubated for 3 h at 37°C in a 5% 
CO2 atmosphere. After incubation, the gel surface was 
rinsed twice with 250 μL of phosphate-buffered saline 
and then DMEM containing 0.1% BSA to remove 
unbound cells. The gel was subsequently incubated for 
15 h at 37°C in a 5% CO2 atmosphere to allow the cells 
to migrate into the gel.
 After removing the medium on the gel surface, the 
gel was then mounted using an embedding compound 
(Tissue-Tek O.C.T. Compound; Sakura Finetechnical, 
Tokyo, Japan) and frozen at –80°C. The frozen gel was 
sliced perpendicularly to the gel surface with a cryostat 
at a 50 μm thickness and the section was placed on a 
glass slide.
 Frozen sections of reconstituted type I collagen gel 
into which cells were allowed to migrate were stained 

by the azan staining method as described previously 
(12). The sections stained were observed under a 
microscope (×200; BX-51, Olympus, Tokyo, Japan).

2.5. Data analysis

Migration distance of each cell from the gel surface was 
measured using at least 5 photographs of microscopic 
visual fields (× 200) or at least 150 cells. The Mann–
Whitney U test was conducted with StatMate III 
software (ATMS, Tokyo, Japan) and a  p value less than 
0.05 was considered significant.

3. Results and Discussion

Figures 1A and 1B show typical microphotographs 
of frozen sections of reconstituted collagen gels after 
incubating cells in the absence or presence of toad skin 
extract, respectively. Histochemical observation of 
MDA-MB-231 cells in type I collagen gels showed that 
some cells remained on the gel surface and the others 
migrated into the gel with a wide range of distribution 
from the gel surface (Figure 1A). In contrast, at a 
glance, the number of cells observed in a microscopic 
field was decreased in the presence of toad skin extract 
(Figure 1B). The decrease in the number of cells  
depended on the concentration of toad skin extract 
when undiluted and ×100-diluted extract was added in 
the cell suspensions (Table 1).
 Toad skin extract has been known to have potent 
anticancer activity (2-4,13,14). Some reports have 
suggested that apoptosis of cancer cell lines was 
induced by bufosteroids, unique steroid compounds 
contained in toad skin extract and toad venom, such as 
bufalin and cinobufagin (15-19). Decrease in MDA-
MB-231 cell numbers observed in our experiments may 
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Figure 1. Typical histochemical observations of type I 
collagen gels where cells were allowed to migrate into the 
gels. MDA-MB-231 cells were allowed to migrate into type 
I collagen gels in the absence (A) or presence (B) of toad 
skin extract. The frozen sections were stained with azan and 
observed under a microscope. Original magnification: ×200.
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in inhibiting metalloproteinase activity and result 
in suppressing cancer cell migration in the collagen 
gels. Further investigation to clarify the nature of the 
compounds is needed.

4. Conclusion

Toad skin extract cinobufatini study has been focused 
on anticancer activity, especially apoptosis-inducing 
activity by bufosteroids. Recently, cinobufatini has 
been clinically applied to patients with cancer (23-
25). The present study suggests that the toad skin 
extract has an additional anticancer activity because it  
prevents cancer cell migration in model stromal tissues. 
Multifaceted effects such as apoptosis-inducing and 
migration-preventing activities should improve the 
usefulness of cinobufatini as an anticancer medicine.
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numbers observed in microscopic fi elds were counted and compared 
with untreated control.
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1. Introduction

Understanding the cause of disability and factors that 
precede it among elderly individuals is important to 
ensure both prevention of disability and cost saving in 
care for disabled persons. In Japan, disabled elderly 
individuals are supported by the long-term care insurance 
system (1), which covers long-term care services 
including home visits and institutional care service. 
In March 2014, about 53% of disabled persons who 
received long-term care services were mildly disabled 
(care levels 1-3 in the Japanese long-term care insurance 

system), while 47% were severely disabled (care level 4 
or 5). 
 Cerebrovascular disorder (CVD), including stroke, 
has been reported as the most common disease among 
disabled persons. Adamson and colleagues found that 
the effect of CVD on disability was greater than that of 
other chronic diseases among UK adults (2). In the US, 
stroke is a leading cause of disability (3). Further, in a 
nationwide self-reported survey, over 33.0% of disabled 
people recognized that the direct cause of their disability 
was CVD (4).
 However, in Newman and Brach's (5) review, arthritis 
was reported as the greatest cause of disability among 
elderly individuals because it limits their everyday 
activities. While the impact of arthritis on disability 
severity might be smaller than that of CVD, from a 
public health perspective, the benefit of preventing mild 
disability among elderly individuals might be comparable 

Summary Understanding causes of disability among elderly individuals is an important public health 
issue, particularly because of the increasing rate of disabled elderly individuals and the 
social costs in a rapidly aging society. Accordingly, we aimed to describe the diseases that 
precede disability and investigate the types of diseases that are related to severe disability 
among Japanese elderly individuals aged over 75 years. Using claim data from the latter-
stage elderly healthcare system and long-term care insurance system, we identified 76,265 
elderly individuals over 75 years old who did not qualify as disabled on April 1, 2011. 
Among them, 3,715 elderly individuals who had been newly qualified as disabled between 
April 1, 2011 and March 31, 2012 were selected. Disease codes from the medical claim data 
in the 6 months prior to disability were collected. All descriptions were developed separately 
for six groups divided by gender and disability level (low, middle, and high). The results 
of the ordinal logistic analysis including sex and age revealed that men tended to have 
significantly higher levels of disability (β = 0.417, p < 0.001) than women. Cerebrovascular 
disorder (CVD) was the most common disease in almost all age and disability level groups. 
In low-level disability groups, cancer in men (12.8%) and arthropathy and fracture in 
women (11.9% and 13.5%, respectively) were as common as cerebrovascular disorder 
(12.2% and 9.7%, in men and women, respectively). Stroke was the most common disease 
for all genders and disability levels. The diseases preceding low-level disability differed by 
gender. This study demonstrated the need to consider arthropathy and fracture as well as 
CVD in order to prevent disability.

Keywords: Disability, disease, potential risk factors for disability, aging, long-term care
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to that related to preventing CVD. 
 Objective data collection instruments are preferred 
in measuring disability; however, the majority of studies 
rely on self-report measures of disability (5). This might 
lead to problems of reliability in measuring disability 
and detecting disabled elderly individuals. In Japan, 
claim data from the long-term care insurance system 
can provide objective information on who is disabled 
among elderly individuals, when s/he became disabled, 
and how severely s/he is disabled. Further, other claim 
data from the healthcare system (latter-stage elderly 
healthcare system) can provide objective information 
about disease among disabled elderly individuals. If we 
merge the two types of claim data, we can determine the 
diagnosed disease that preceded disability. This study 
aimed to describe the kinds of diseases that preceded 
disability and investigate the types of diseases that are 
related to severe disability among Japanese elderly 
individuals. Because of data availability, we targeted 
individuals aged at least 75 years.

2. Methods

2.1. Definition of disability

We referred to the qualification of the long-term care 
insurance system for service use as a disability index. 
It ranged in terms of support level from care level 1 
to 5, which indicate increasing difficulty and need for 
assistance with activities of daily living. Care level 1 
indicates "having difficulty in independent walking or 
daily activity, but not chair bound," care levels 2 and 3 
mean "almost chair bound, but not bedridden," and care 
levels 4 and 5 indicate "almost or completely bedridden." 
For ease of understanding, care levels 1, 2/3, and 4/5 
were categorized as low, middle, and high disability, 
respectively. 
 The certification was based on the clients' or 
their families' proposal to local governments, and 
the certification level was determined based on two 
perspectives: the standardized statistical algorithm for 
estimating the amount of care requirements and a local 
committee of specialists (i.e. physicians, public health 
nurses, social workers, and so on). 
 Elderly individuals were considered "newly disabled" 
when they had not been certified for more than 2 months, 
and then certification was detected in the next month 
based on receipt data. In the Japanese certification 
system, disabled individuals rarely distinguish their 
certification in 1 month due to any systematic errors. We 
consulted with two specialists on a local committee, and 
this algorithm was considered valid to detect disabled 
elderly individuals.

2.2. Design and data collection

We used claim data from the latter-stage elderly 

healthcare system and the long-term care insurance 
system in Fukui prefecture, Japan. The data from the 
latter-stage elderly healthcare system was provided 
by the Fukui Latter-Stage Elderly Healthcare System 
Association, and the data from the long-term care 
insurance system was provided by the Fukui National 
Health Insurance Organization. Two types of claim data 
were managed by the different organizations; however, 
we can merge them and identify the same individuals 
with a common ID. Using the merged data, we can 
determine each person's medical and long-term care 
insurance service consumption volume, disability level, 
disease code, and region for each month.
 This study was conducted under a large collaborative 
study called the Fukui Gerontology Study of Fukui 
prefecture and Institute of Gerontology, The University 
of Tokyo. In this study, Fukui prefecture, the Fukui 
National Health Insurance Organization, the Fukui 
Latter-Stage Elderly Healthcare System Association, and 
the University of Tokyo collaborated from April 2011 
to March 2015. All data were provided for researchers 
in the form of anonymous electric data. The Ethics 
Committee of the Graduate School of Medicine at the 
University of Tokyo approved this study.

2.3. Subjects

First, elderly individuals aged 75 years or older who 
were insured by the Fukui latter-stage elderly healthcare 
system from April 1, 2011 through March 31, 2012 
were detected. On April 1, 102,450 elderly individuals 
were observed. Between April 1 and March 31, 1,627 
elderly individuals (1.6%) dropped out after moving 
or for other unknown reasons, and 6,411 (6.4%) had 
deceased. We excluded 1,627 individuals who dropped 
out, leaving a total of 100,823 elderly individuals. 
Among them, 24,558 were already disabled with low- 
(5,920; 24.1%), middle- (10,166; 41.4%), and high-
level disabilities (8,392; 34.1%), and 80 (0.3%) had 
been certified as low- or middle-level disability in 
February or March, but not in April 2011. Thus, there 
were 76,265 elderly individuals that remained non-
disabled on April 1, 2011. We followed up their claim 
data and detected newly disabled persons between April 
2011 and March 2012 (n = 3,715), whose data were 
then analyzed.

2.4. Definition of the disease preceding disability

For newly disabled elderly individuals, we observed the 
disease code in the latter-stage elderly healthcare system 
claim data over the 6 months preceding disability. 
The latter-stage elderly healthcare system claim data 
includes five separate types of medical consumption 
data for elderly individuals: admission to hospital, 
outpatient, dentistry, pharmacy, and home-visiting 
nursing. We included all types of data and investigated 
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were quite different from the cross-sectional prevalence 
of disability level in April 2011: 24.1%, 41.4%, and 
34.1% for low-, middle-, and high-level disability, 
respectively. This difference suggests that about half of 
latter-stage elderly individuals have low-level disabilities 
initially, but then ultimately progress to higher stages of 
disability. 
 For men, there were 617 (39.8%) individuals with 
low-level disability and 327 (21.1%) with high-level 
disability. For women, 1,088 (50.2%) individuals had 
low-level disability, and 354 (16.3%) had high-level 
disability. The results of the ordinal logistic analysis 
including sex and age revealed that men tended to have 
significantly higher levels of disability (β = 0.417, p < 
0.001) than women. These results can be understood 
from two perspectives. First, men tend to be disabled 
more severely initially, or second, men tend to avoid 
filing their qualification for long-term care insurance 
until their disability worsens. The former is supported 
by the disease distribution presented in Table 2. Ordinal 
logistic analysis including age and disease showed 
that there were no sex differences in the relationship 
between disease and disability severity. In both men and 
women, cancer, CVD, fracture, pneumonia significantly 
related to higher levels of disability, and arthropathy 
and dementia significantly related to lower levels 
of disability. In men, CVD and cancer are the most 
common diseases at all disease levels (12.2%, 15.9%, 
and 27.8% for CVD and 12.8%, 18.8%, 16.8% for 
cancer for low, middle, and high levels, respectively). 
On the other hand, arthropathy and fracture were more 
common in low- and middle-level disabled women than 
they were in men (11.9% vs. 7.1% and 10.9% vs. 6.0% 
for arthropathy among low- and middle-level disability, 
respectively; 8.2% vs. 4.7% and 17.2% vs. 6.3% for 
fracture among low- and middle-level disability, 
respectively). With regard to diseases that precede 
disability, these results imply that men tend to have 
a higher number of diseases that are associated with 
severe disability, than women. This may be because of 
the age-specific rate of stroke is higher in men generally 
(6), and thus, men could be considered to have a greater 
risk for more severe disability.

the diseases that were coded in the 6 months preceding 
disability. 
 We focused on nine types of diseases as predisposing 
factors for disability: (1) cancer (C00-97 in ICD-10); 
(2) CVD (I60, 61, 63, 69.0, 69.1, 69.3); (3) arthropathy 
(M15-19); (4) fracture (S02, S12, S22, S32, S42, S52, 
S62, S72, S82, S92 T02, T08, T10, T12); (5) pneumonia 
J12-18); (6) chronic obstructive pulmonary disease 
(COPD, J41-44); (7) dementia (F01, F03, G30); (8) 
psychiatric disorder (F20-48); and (9) neurological 
disorder (G00-29, G31-99). If one or more corresponding 
code for each of these nine diseases was detected in 6 
months, the person was considered to have the disease. 
Other types of individual information, including age at 
certified month and sex, were collected from receipt data.

2.5. Analysis

First, a t-test compared the mean age of certified month 
between men and women. Second, we separately 
summarized percentages of each disease according 
to sex and disability level (low, middle, high). To 
determine the age-adjusted differences of disability 
level among men and women, multivariate ordinal 
logistic analysis for disability level (1 = low, 2 = 
middle, 3 = high) was conducted. Lastly, in order to 
investigate the types of diseases associated with severe 
disability, multivariate ordinal logistic regression 
analysis for disability level was conducted for men and 
women separately, with age and nine types of diseases 
included as independent variables. SPSS version 22.0 
for Windows was used for all analysis, and p < 0.05 
was defined as significant.

3. Results and Discussion

The mean age of certified month was 84.2 years (standard 
deviation (SD) = 5.1; range: 75-103). Men were younger 
at first certified age (83.5 (SD = 4.8) in men and 84.8 
(SD = 5.1) in women, p < 0.001). In Table 1, among all 
newly disabled elderly individuals, low-level disability 
was present in 1,705 (45.9%) participants, and high-level 
disability was present in 681 (18.3%). These percentages 

Table 1. Frequency of disease and disability level (n = 3,715)

Items

Total
    Cancer
    CVD
    Arthropathy
    Fracture
    Pneumonia
    COPD
    Dementia
    Psychiatric
    Neurological disorder

      Total

3,715 (100.0%)
   410 (11.0%)
   507 (13.6%)
   306 (8.2%)
   343 (9.2%)
   111 (3.0%)
     68 (1.8%)
   284 (7.6%)
   158 (4.3%)
   208 (5.6%)

Values are presented as n (%); CVD, cerebral vascular disorder; COPD, chronic obstructive pulmonary disease.

      Low

1,705 (45.9%)
   138 (8.1%)
   180 (10.6%)
   174 (10.2%)
   118 (6.9%)
     31 (1.8%)
     28 (1.6%)
   207 (12.1%)
     92 (5.4%)
   103 (6.0%)

    Middle

1,329 (35.8%)
   179 (13.5%)
   159 (12.0%)
   102 (7.7%)
   142 (10.7%)
     51 (3.8%)
     28 (2.1%)
     63 (4.7%)
     49 (3.7%)
     76 (5.7%)

    High

681 (18.3%)
  93 (13.7%)
168 (24.7%)
  30 (4.4%)
  83 (12.2%)
  29 (4.3%)
  12 (1.8%)
  14 (2.1%)
  17 (2.5%)
  29 (4.3%)
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 The latter perspective is supported by previous studies 
regarding underuse of services. Elderly individuals and 
their caregivers have been reported to underuse long-
term care services until informal care arrangements 
become unmanageable (7). In Japan, the most common 
primary caregivers are cohabitant spouses (26.2% in 
2013) and women (68.7%) (4). Because healthy life 
expectancy is longer in women than it is in men (8), men 
might be able to depend on their wives for caregiving. 
On the other hand, women might not be able to depend 
on their husbands. In addition to a shorter healthy life 
expectancy, male caregivers require more formal help 
(9). The difference in intention to recruit outside support 
might relate to differences in disability level among 
newly qualified elderly individuals differently by gender.
 For the total sample, the most frequent disease was 
CVD (13.6% of all newly disabled elderly individuals). 
The association between stroke and disability has been 
examined in several reviews. In the Global Burden 
of Disease Study, Murray and Lopez (10) estimated 
that, in developed regions, the leading causes of loss 
of disability-adjusted life years include CVD. In the 
Japanese nationwide survey "Comprehensive Survey 
of Living Conditions," participants living with disabled 
persons were asked about the direct cause of disability, 
and the most common disease among highly disabled 
persons is CVD (about 30–35% of participants) (4). 
Because these were the results of caregiver self-reports, 
under-reporting or over-reporting is a possibility. Our 
findings show the same trend for CVD, supporting 
the suggestion that CVD is the most common disease 
directly preceding disability in elderly individuals.
 Our results further provide evidence for the effect 
of arthropathy, fracture, and dementia on incidence of 

disability. For women, these diseases accounted for 
about 10% of low-level disabled women (Table 2). 
This percentage was about the same as CVD. Because 
about half of newly disabled elderly individuals had 
difficulty with daily living as a result of low-level 
disability, prevention of low-level disability could have 
a substantial effect on extending healthy life expectancy. 
In order to prevent low-level disability, especially among 
women, it is important to address arthropathy, fracture, 
and dementia in addition to CVD.
 Because our analysis was conducted retrospectively, 
we could not detect the exact risk of having each 
disease on disability. In order to better demonstrate 
the importance of disease prevention, prospective 
observations are necessary. Further, the data were 
obtained from one prefecture, and thus, we cannot apply 
the findings to other Japanese regions or other countries. 
 In conclusion, we found that CVD was the 
most common disease in the 6 months preceding 
disability among elderly individuals across most age 
and disability groups. In low-level disabled women, 
arthropathy and fracture were as common as CVD 
was. Because the frequency of low-level disability was 
three times greater than that of high-level disability in 
women, this finding emphasizes the need to consider 
arthropathy and fracture as well as CVD in order to 
prevent disability.
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Table 2. Frequency of disease and disability level by sex (n = 3,715)

Items

Men
    Cancer
    CVD
    Arthropathy
    Fracture
    Pneumonia
    COPD
    Dementia
    Psychiatric
    Neurological disorder

Women
    Cancer
    CVD
    Arthropathy
    Fracture
    Pneumonia
    COPD
    Dementia
    Psychiatric
    Neurological disorder

      Total

1,549 (100.0%)
   248 (16.0%)
   262 (16.9%)
     90 (5.8%)
     96 (6.2%)
     73 (4.7%)
     55 (3.6%)
     98 (6.3%)
     55 (3.6%)
     91 (5.9%)

2,166 (100.0%)
   162 (7.5%)
   245 (11.3%)
   216 (10.0%)
   247 (11.4%)
     38 (1.8%)
     13 (0.6%)
   186 (8.6%)
   103 (4.8%)
   117 (5.4%)

Values are presented as n (%); CVD, cerebral vascular disorder; COPD, chronic obstructive pulmonary disease; *Β, partial regression coeffi  cient 
in the ordinal regression analysis for disability level (1 = low, 2 = middle, 3 = high), adjusted with age.

       Low

   617 (39.8%)
     79 (12.8%)
     75 (12.2%)
     44 (7.1%)
     29 (4.7%)
     19 (3.1%)
     20 (3.2%)
     60 (9.7%)
     28 (4.5%)
     37 (6.0%)

1,088 (50.2%)
     59 (5.4%)
   105 (9.7%)
   130 (11.9%)
     89 (8.2%)
     12 (1.1%)
       8 (0.7%)
   147 (13.5%)
     64 (5.9%)
     66 (6.1%)

   Middle

605 (39.1%)
114 (18.8%)
  96 (15.9%)
  36 (6.0%)
  38 (6.3%)
  36 (6.0%)
  23 (3.8%)
  32 (5.3%)
  19 (3.1%)
  38 (6.3%)

724 (33.4%)
  65 (10.7%)
  63 (10.4%)
  66 (10.9%)
104 (17.2%)
  15 (2.5%)
    5 (0.8%)
  31 (5.1%)
  30 (5.0%)
  38 (6.3%)

      High

327 (21.1%)
  55 (16.8%)
  91 (27.8%)
  10 (3.1%)
  29 (8.9%)
  18 (5.5%)
  12 (3.7%)
    6 (1.8%)
    8 (2.4%)
  16 (4.9%)

354 (16.3%)
  38 (11.6%)
  77 (23.5%)
  20 (6.1%)
  54 (16.5%)
  11 (3.4%)
    0 (0.0%)
    8 (2.4%)
    9 (2.8%)
  13 (4.0%)

    Β*

   0.286
   0.766
- 0.512
   0.561
   0.470
   0.159
- 0.951
- 0.410
- 0.106

   0.626
   0.645
- 0.428
   0.588
   0.727
- 0.581
- 1.284
- 0.381
- 0.288

    p

   0.029
< 0.001
   0.015
   0.004
   0.036
   0.538
< 0.001
   0.125
   0.607

< 0.001
< 0.001
   0.003
< 0.001
   0.017
   0.332
< 0.001
   0.070
   0.130
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