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Bacteriophage therapy
Parichat Phumkhachorn .
Abstract

Bacteriophages or phages are bacterial viruses or viruses that infect bacteria. Bacteriophages can have either
a lytic or a lysogenic life cycle. The lytic phages are the most suitable candidates for phage therapy because they
can kill the bacterial host at the end of replication cycle. Bacteriophages are highly specific to their hosts. When
a bacteriophage meets a suitable host bacterium, its specific surface molecule binds to the particular molecule on
a host and then injects its genetic material into the cell. In the host cell, bacteriophage instructs the machinery of
the host to make more bacteriophages. Fully viable progeny bacteriophages burst out and kill the bacteria.
The released bacteriophages attack new bacteria. This process continues until all the bacteria are eliminated from
the system. Bacteriophage therapy was used as therapeutic agents in 1920. It was tried extensively and many
successes were reported for a variety of infectious diseases including dysentery, staphylococcal skin infection, lung
and pleural infection, and gastrointestinal tract infection. Lytic phages are similar to antibiotics in that they have
remarkable bactericidal activity. However, therapeutic phages have some unique advantages over antibiotics. Nowadays,
drug-resistant bacteria emerge rapidly so phage therapy is more attractive to be an alternative strategy to treat those
bacteria. However, there are some problems with phage treatment works that must be addressed before it can

be widely approved for therapeutic use.

Key words: Bacteriophage therapy, Bacteriophage
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Reference

Suppurative skin infections

Pseudomonas, Staphylococcus,

. (6)
Cislo et al.

Klebsiella, Proteus, and E. coli

Postoperative wound infections
in cancer patients Pseudomonas

Various infections

Pseudomonas, and Proteus

Bacterial dysentery and

salmonellosis

Inflammatory urologic disease
Proteus

Gastrointestinal tract, skin,

head, and neck infections

Cerebrospinal meningitis K. pneumoniae

Suppurative infections

negative bacteria

Staphylococcus and
Staphylococcus, Klebsiella, E. coli,
Shigella and Salmonella
Staphylococcus, E. coli, and

Staphylococcus, Pseudomonas,

Staphylococcus and various gram-  \Weber-Dabrowska et al.“

7
Kochetkova et al.

Kucharewicz-Krukowska and
(8)
Slopek
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Miliutina and Vorotyntseva(
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Perepanova et al.

(11)
Slopek et al.

E. coli, Klebsiella, and Salmonella
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Stroj et al.
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Multiple immunofluorescence labeling of the same section of invasive
ductal breast cancer: A preliminary study

Em-orn Phanomsri, Sakda Waraasawapati, Supinda Koonmee* .

Abstract

The expression of candidate genes in tissue samples were investigated by using immunohistochemical study
of formalin-fixed paraffin-embedded (FFPE) tissue or immunofluorescence labeling of cryosections. However,
the study of co-localization of multiple antigens in the same section by immunohistochemical labeling is difficult
to evaluate and involves antigen retrieval step to unmask antigen whereas immunofluorescence labeling has
the capability for multiple labeling with higher resolution. Nevertheless, the handling of fresh tissue
as immunofluorescence labeling is difficult. Thus, both methods have limitations as research tools. In this study,
we optimized an antigen retrieval method for high-resolution immunofluorescence labeling of FFPE invasive breast
cancers using three different biomarkers (Ki-67, Her-2 protein and E-cadherin). Citraconic anhydride solution
at 0.05 % pH 7.4 in a microwave oven seemed to work well for multiple antibodies for co-localization of multiple
antigens in the same section. In addition, this method is suitable for core needle biopsy which obtained small

amount of tissue. Therefore, it is not enough for preparation of multiple sections.

Key words: Antigen retrieval, Citraconic anhydride, Immunofluorescence; Immunohistochemistry
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Introduction

Immunohistochemistry (IHC) is an important tool
for diagnosis and research in the field of pathology.
However, limitations of this technique are divided into
three major categories. First, it is primarily used to
demonstrate one protein at a time. The examination of
co-localization for two antigens in the same section is
not satisfied when using combined IHC. Second, the
resolution of antigen localization is limited due to the
chromogenic substrate precipitation and the thickness
(3 -4 Um) of the sections imaged in the light microscope.
Third, chromogenic systems saturate easily which restricts
semi-quantitative analysis. On the other hand,
immunofluorescence (IF) labeling has the capability in
multiple labeling with higher resolution due to the direct
conjugation of fluorophores to antibody™?. However,
immunofluorescence labeling is unsuitable for
formaldehyde-fixed and paraffin-embedded (FFPE)
specimens because of the masking of tissue antigens by
protein cross-linking through formaldehyde reaction with
the protein amino groups. The loss of antigenicity is
often caused by sequential processes of fixation,
dehydration and embedding in paraffin-embedded tissue
leading to the preclusion of effective immunological
analysis”. For this reason, various unmasking antigens
referred to as antigen retrieval (AR) methods were
developed. There are widely used methods for retrieving
antigens for FFPE tissues, such as proteolytic digestion

7-12)

“9 heat-induced treatment™?, and a mixed method of

both treatments™®. Variation in the solution media, buffer

equilibrium, temperature, and heat source have been used

106

106

to adjust for successful AR-IHC by different laboratories.
Recently, Namimatsu reported a novel retrieval protocol;
citraconic anhydride (a reversible protein cross-linking
agent) solution with heating under optimal condition
was able to satisfactorily retrieve a wide variety of
antigens for IHC". In our study, we used this new AR
solution to unmask antigen compared with conventional
AR solution (10 mM citrate buffer, pH 6) before detection
by multiple immunofluorescence staining and described
a procedure for simultaneous immunofluorescence
localization of three different biomarkers for breast cancer
including Ki-67, Her-2 protein, and E-cadherin within
the same tissue section. Using this method, we
demonstrated that multicolour immunofluorescence
imaging of FFPE material is readily achievable and that

this method provides excellent images.

Materials and Methods

Eleven cases of human breast tissue diagnosed with
invasive ductal breast cancer and graded by
immunoperoxidase (IP) staining for Ki-67, Her-2 protein,
and E-cadherin (Table 1) were obtained from the
Department of Pathology, Faculty of Medicine, Khon
Kaen University, Thailand. The specimens were fixed
in 10% buffer formalin and embedded in paraffin for
routine diagnosis. The sections were cut into a 3 ?m
thickness, attached to silan-coated slides, then were
deparaffinized, rehydrated in a graded series of ethanol
and soaked in 3% hydrogen-peroxide in methanol for 5
min to block endogenous enzyme activity, and finally

washed for 5 min with phosphate buffer saline (PBS).
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Table 1 List of specimens and immunoperoxidase (IP) staining score.

IP staining score
Cases Her-2 Ki-67 E-cadherin
1 2+ 1+ 1+
2 2+ 1+ 3+
3 3+ 4+ 2+
4 2+ 3+ 1+
5 3+ 4+ 3+
6 2+ 4+ 24
7 2+ 4+ 3+
8 1+ 4+ 3+
9 3+ 3+ 2+
10 2+ 1+ 2+
11 1+ 4+ 1+
Average 2.10+0.70 3.0+ 1.34 2.09 +0.83

New antigen retrieval (AR) method

After washing in PBS, the sections were subjected
to the antigen retrieval solution, 0.05% citraconic
anhydride, pH 7.4. The soaked slides were then heated
by microwave (Electrolux model EME2820) treatment
at 1000C for 10 min. Subsequently, sections were
allowed to cool for 20 min at room temperature before
rinsed in running tap water, followed by distilled water
and PBS.
Conventional antigen retrieval (AR) method

After washing in PBS, the sections were subjected
for the antigen retrieval by immersing into 10 mM citrate
buffer, pH 6 followed by microwave treatment at the heat
level 10 for 3 min and level 3 for 10 min. After
the completion of cycle, sections were allowed to cool
for 20 min at room temperature and then rinsed in running

tap water, distilled water, and PBS.

Immunofluorescence method

After pretreatment, the sections were treated with
PBS containing 3% normal horse serum at room
temperature for 20 min, and then incubated with
combination of primary antibodies: mouse anti human
Ki-67, rabbit anti- human Her-2 protein, and mouse
anti-human E-cadherin (DAKO, Glostrup, Denmark),
for 1 h at room temperature. After washing with PBS,
the sections were incubated with combined solution of
swine anti rabbit immunoglobulin antibody conjugated
with FITC (DAKO, Glostrup, Denmark) and goat anti
mouse immunoglobulin antibody conjugated with Alexa
(Invitrogen, Eugene, Oregon, USA) for 1 hour. After
washing with PBS, the sections were mounted with

mounting media.
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Interpretation

Interpretation of immunofluorescence stained sections
were performed blindly without the knowledge of AR
methods used. We defined the immunostaining of
Ki-67 by the mean percentage of nuclear staining of
tumor cells and classified as 0 %, -; <b %, +/-; 5-25 %,
1+; 26-b0 %, 2+; 50-76 %, 3+; and >75 %.,4+. For
Her-2, membrane staining intensity and number of
invasive tumor cells staining were evaluated scoring
0-3+ as illustrated by the HercepTest kit scoring
guidelines"”. No staining observed classified as
0; faint membrane staining and stained in only part of
the membrane, 1+; non-uniform or week staining
circumferential distribution is > 10 % of invasive tumor
cells, 2+; and uniform intense membrane staining of 30
% of invasive tumor cells, 3+'?. Scores of 0 or
1+ were considered negative for Her-2 over expression;

scores of 2+ were considered weakly positive; and scores

of 3+ were considered strongly positive"®. For
E-cadherin, immunostaining was also divided into 4
categories: strong membranous staining in more than 80
% of cells (3+); homogenous positive tumor cells (more
than 50 %-80 % positive tumor cells; 2+); heterogeneous
staining (20 %-50 % positive tumor cells; 1+); negative
(less than 20 % positive tumor cells or no evidence of
membrane staining;-)"". The average score of each
antibody were expressed in mean = S.D.
Statistical analysis

Statistical analysis was performed using statistical
test by Sigma stat version 2.0. Normality test was checked
by Kolmogorov test. Independent-sample t-test (if the
distribution was normal) or a Wilcoxon signed rank test
(if the distribution was not normal) was used to observe
statistical differences between AR methods in each
antibody. The level of statistical significance was set at

0.05.

Table 2 Comparison of immunofluorescence staining by different antigen retrieval methods.

IF (0.05 % citraconic anhydride) IF (conventional method)

Cases Her-2 Ki-67 E-cedherin Her-2 Ki-67 E-cedherin
1 2+ 2+ 2+ 2+ 1+ 1+

2 Faut 1+ 3+ 2+ 1+ 3+

3 ho 3 2+ 2+ I+ 1+

4 Ik 2+ 1+ 2+ 1+ 1+

5 2+ 3+ 3+ 2+ 2+ 2+

6 3+ 3+ 1+ 2+ 2+ 1+

i 2+ 3+ 2+ 2+ 1+ 2+

8 - 2+ 3+ - - 3+

9 3+ 3+ 2+ 3+ 3+ 2+

10 1+ - oy 1+ - 1+

11 1+ 4+, 1+ - 3+ =

Average | 2.00+1.0 2.36+123 2.00+0.77 | 1.64+092 136+1.03 1.55+0.93

Results
Table 2 summarizes the results of immunofluorescence

staining with three antibodies by different AR methods

108

108

in the same section. Immunoperoxidase staining with
three antibodies in each section showed in Figure 1.

The localization of Her-2 protein showed plasma
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Figure 1 Representative micrographs showing IHC staining of formalin-fixed, paraffin-embedded breast tissue.

Her-2 protein showed plasma membrane staining (A), E-cadherin showed deposition on plasma membrane (B)

and Ki-67 showed nuclear staining (C). 20X

membrane staining (Figure 1A), E-cadherin showed
deposition on plasma membrane (Figure 1B) and Ki-67
showed nuclear staining (Figure 1C). Immunofluorescence
staining using Ki-67 staining showed nuclear positive

of red color while E-cadherin was stained red color at

plasma membrane (Figure 2A). Her-2 antibody showed
green color staining of the plasma membrane of tumor
cell, consistent with the expected location of the Her-2
protein (Figure 2B). When combined staining, the result

showed co-localization of Her-2 protein and E-cadherin

Figure 2 Representative micrographs showing IF staining of formalin-fixed, paraffin-embedded breast tissue. Ki-67

and E-cadherin detected by anti mouse IgG-conjugated Alexa (A). Her-2 protein detected by anti rabbit

IgG-conjugated FITC (B). Combined detection of Ki-67, E-cadherin and Her-2 protein in the same

section (C). 20X

J Med Tech Phy Ther e Vol.21 No.2 « MAY-AUGUST 2009

109

109

8/20/09, 11:23 PM



04

in plasma membrane of the same tumor cell in which
orange color was detected (red plus green color).
In different AR methods, we found that average scores

of immunostaining of three antigens obtained by AR

with 0.05 % citraconic anhydride solution were similar
to those of IP method, which is a routine method for
diagnostic tool (Table 3). On the other hand, conventional

AR method revealed the lower average scores of

Table 3 Comparison of the average scores of three antibodies staining by IF method

with different antigen retrieval conditions to I[P method.

Primary Average score

antibodies 1P New IF Conventional IF
Anti-Her-2 2.10+0.70 2.00+1.00 1.64 +0.92
Anti-Ki-67 3.00 + 1.34 * 236+ 1.12 1.36 +1.03 *
Anti-E-cadherin 2.09 +0.83 2.00+0.77 1.55+0.93

*P<0.05

immunostaining than those of IP method, especially
Ki-67 antibody was statistically significant (P < 0.05).
These antigens can be divided into two groups according
to localization of antigens expressed including nuclear
antigens (Ki-67) and membrane antigens (E-cadherin,
Her-2). We found the membrane antigens were effectively
unmasked by using both solutions. Ki-67 is a difficult-
to-detect antigen in which the antigenicity can be restored

by 0.05 % citraconic anhydride solution.

Discussion and Conclusion

We reported a new antigen retrieval technique that
allows multiple immunofluorescence labeling of formalin-
fixed paraffin-embedded tissue samples. Antigen retrieval
is a very important step for immunostaining because
it can break the protein cross-links formed by formalin
fixation and thereby uncover hidden antigenic sites.
However, different antigens are suitable for different

antigen retrieval methods. Previously reported, high

110

110

temperature (120°C) or strong alkaline hydrolysis can
reverse the cross-linking of protein produced by
formaldehyde fixation "®. In the present study, we used
citraconic anhydride solution in microwave compared
with the conventional methods (10 mM citrate buffer,
pH 6 in microwave treatment) to detect three biomarkers
for diagnosis of an invasive breast cancer namely
Ki-67, E-cadherin, and Her-2 protein in the same section.
The results showed that 0.05 % citraconic anhydride
solution unmasked the three antigens in the same section
of paraffin-embedded breast tissue whereas conventional
method was less efficient to unmask these antigens,
especially Ki-67 (nuclear antigen). This result agreed
with the report by Namimatsu et al., who used 0.056 %
citraconic anhydride solution and heat under an optimal
condition which was able to satisfactorily unmask
a wide variety of antigens for IHC such as CD4, cyclin
D1, granzyme B, and PAR4 antigenic determinants””.

Shi and coworkers employed 0.05 % citraconic anhydride
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as the AR solution and heat treatment in comparison
with different methods for immunostaining of
retinoblastoma protein (pRB) in FFPE tissue sections.
They found that this protocol has several advantages
including superior morphological preservation, greater
reproducibility, and more intense staining after retrieval ™.
The mechanism underlying this new AR method is
believed to be the reaction of formaldehyde mainly with
the the lysyl residues and the formation of intra-molecular
cross-links®”. The free amino groups of proteins form
aminomethylol groups and then combine with other
functional groups, such as phenolic, imidazole, and indole
groups to form methylene bridges. Citraconic anhydride
reacts with the free amino groups of proteins and replaces
the positively charged NH3+ groups of lysyl residues
with negatively charged carboxyl groups. At neutral pH
7.4 in hot water, adduct of citraconic anhydride and
amines will undergo slow hydrolysis, which will liberate
the original amines®".

In conclusion, 0.05 % citraconic anhydride solution
is the best retrieval solution for unmasking several
antigens such as membrane antigen (E-cadherin, Her-2)
and nuclear antigen (Ki-67) and useful for studying the
multiple co-localizations of biomarker in cancer tissue
using immunofluorescence method. In addition,

background staining in IF method was clear.
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Characteristic changing of Brevibacillus laterosporus SA14 by ultraviolet
and chemical mutagenesis

Sudawan Rattanaparikon', Suthidee Petsong', Uthoomporn Rattana', Monthon Lertcanawanichakul®* .

Abstract

Brevibacillus laterosporus SA14, Gram-positive spore-forming bacterium, could produce biocompounds which
inhibit the growth of Gram-positive cocci in cluster (Staphylococcus aureus), including methicillin-resistant
Staphylococcus aureus (MRSA). The characteristic changing of this bacterium was done by random mutagenesis,
using ultraviolet (UV) or 1-hexyl-3-nitro-1-nitrosoguanidine (NTG). Five mutants were isolated, three from UV
mutagenesis, named as UV1, UV2, LZ1; and two from chemical mutagenesis, named as NTG1, NT8. The cells and
culture broth of all mutants could inhibit the growth of indicating bacteria, Staphylococcus aureus TISTR 517 and
Bacillus subtilis ATCC 6633 and still had hemolytic activity when tested by means of spot on lawn and agar well
diffusion. The mutant cells were less resistant to acid, oxgall bile and antibiotics than those of wild type (SA 14).
However, only culture broth of LZ1 mutant gave the least hemolytic activity. It may be used for further study as a

model to develop the antimicrobial drugs.

Key Words:  Brevibacillus laterosporus, Mutagenicity, Hemolytic activity, Antibacterial activity
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Assessment of quality control product for thalassemia
screening using MCV and MCH approaches

Duangrudee Changtrakun', Kanokwan Sanchaisuriya'*, Goonnapa Fucharoen', Yossombat Changtrakun®, Supan Fucharoen' .

Abstract

A combined MCV/DCIP or MCH/DCIP is one of screening approach for thalassemia alternative to the OF/DCIP.
Based on this approach, the MCV and MCH values obtained from electronic blood cell counters are of important
that should be accurate and comparable. To evaluate the accuracy of thalassemia screening using the MCV and
MCH measured from different instruments and settings, two quality control (QC) products, the RBC_A (MCV > 80
fl and MCH > 27 pg) and RBC_B (MCV < 80 fl and MCH < 27 pg), were prepared and sent to 13 participated
laboratories. Rbc parameters of each QC product were measured routinely in each laboratory. By comparing to the
initial values obtained in our laboratory, it was found that all Rbc parameters of the two QC products were
accurately measured with the coefficient of variation (% CV) of 2.09 - 9.76 % for RBC_A and 1.11 - 11.04 % for
RBC_B. Regarding to the instruments, the % CV of most Rbc parameters were less than 2 % for both RBC_A and
RBC_B. To evaluate the accuracy of the MCV and MCH in application to thalassemia screening, the MCV cutoff
value of 80 fl and MCH cutoff value of 27 pg were applied. The RBC_A was treated as negative sample and the
RBC_B was treated as positive sample. By using the MCV approach, false negative results were obtained form 2
laboratories. In contrast, neither false negative nor false positive result was found with the MCH approach, suggesting
that MCH might be more appropriate for thalassemia screening than MCV. The results indicate that these QC
products might be used as an internal QC to evaluate the accuracy of Rbc parameters and as an external QC to

evaluate the performance of thalassemia screening using the MCV and MCH approaches of each laboratory setting.

Key words: MCV, MCH, Thalassemia screening, Quality control product
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Rbe parameters % CV
Reference* All instruments Beckman Sysmex
(N=10) (N=13) (N=5) (N=5)
70819 RBC_A
Rbe 0.49 2.09 1.43 0.83
Hb 1.52 2.34 1.08 0.48
Het 0.75 5.50 1.40 2.06
MCV 0.22 4.41 1.01 1.47
MCH 1.45 2.42 1.56 0.90
MCHC 1.46 4.26 1.45 2.11
RDW 0.89 9.76 4.16 1.25
M70819 RBC_B
Rbe 1.97 1.11 1.09 0.62
Hb 0.49 1.28 1.25 0.74
Hct 0.27 453 0.96 1.73
MCV 0.13 4.14 1.30 1.72
MCH 0.51 1.25 0.75 1.05
MCHC 0.24 5.06 1.20 2.03
RDW 0.63 11.04 4.03 2.04

o]
* 1994 Beckman (Gen-S)
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Rbe HANIIANTINIG (mean + standard deviation)
parameters Reference* All Beckman Sysmex Abbott
(N=10) instruments LH Act5 Xt SF3000 (N=1)
(N=13) (N=5) (N=1) (N=235) (N=1)

#0819 RBC_A
Rbc 3.60 +0.02 3.65+0.08  3.59+0.05 3.58 3.67 £ 0.03 3.74 3.80
Hb 10.7+0.16 113+£026  11.3+0.12 10.5 11.3 £0.05 11.1 11.6
Hct 31.9 + 0.24 337185  32.6+0.46 29.6 35.4+0.73 335 35.0
MCV 89.1 £ 0.20 926+408  91.1+092 83.0 96.5 + 1.42 89.6 92.5
MCH 30.0 +0.44 309+075  31.5+049 29.5 30.9 +0.28 29.7 30.8
MCHC 33.7+0.49 335143 346+0.50 35.6 32.0 £0.68 33.1 333
RDW 13.6+0.12 136+132 132055 117 14.5 £ 0.18 10.7 15.2
#9819 RBC_B
Rbc 470 £0.09 478+0.05  4.74+0.05 476 4.81+0.03 4.81 4.85
Hb 11.9+0.06 1214016  12.1£0.15 12.2 12.140.09 12.1 125
Het 352+0.10 37.0£1.67 362035 329 38.4 +0.67 36.4 37.9
MCV 752+0.10  773+320  76.5+0.99 69.0 80.0 +1.38 75.7 78.2
MCH 253+0.13 254+032  25.6+0.19 25.7 25.1+0.26 25.2 256
MCHC 33.6+0.08 329+1.66  33.5+0.40 37.1 31.4+0.64 332 32.8
RDW 1530.10 158+1.75  154+0.62 12.6 17.1 £035 12.6 18.0

* Lﬂ%m Beckman (Gen-S)
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YoInANAAIIANANN RBC_A 1az RBC_B

RBC A RBC_B
Wy | MCV Screening | MCH | Screening | MCV | Screening | MCH | Screening
(1) result (pg) result (f1) result (pg) result
1 90.6 | Negative | 31.9 | Negative | 76.2 Positive 255 Positive
2 90.9 | Negative | 31.1 | Negative | 76.2 | Positive | 25.5 Positive
3 91.5 | Negative | 31.1 | Negative | 77.1 Positive | 254 Positive
4 92.5 | Negative | 32.2 | Negative | 77.7 Positive | 25.9 Positive
5 83.0 | Negative | 295 | Negative | 69.0 Positive 25.7 Positive
6 96.7 | Negative | 30.6 | Negative | 80.5 | Negative | 24.7 Positive
7 95.7 | Negative | 30.9 | Negative | 79-1 Positive | 25.0 | Positive
8 98.6 Negative 30.7 Negative 82.1 Negative 25.2 Positive
9 89.6 | Negative | 29.7 | Negative | 75.7 Positive 25.2 Positive
10 90.1 | Negative | 314 | Negative | 75.1 Positive 25.6 Positive
11 96.7 | Negative | 312 | Negative | 79€ | positive | 254 Positive
12 92.5 Negative 30.8 Negative 78.2 Positive 25.6 Positive
13 94.8 | Negative | 312 | Negative | /80 Positive 25.2 Positive

a 4 =]

Wsana sUnansAn
msusmslunulszn ~3 1dgae qanmuims

2 o g ¥ =)

seatniudesdinalnauguamnn lagmsmuguamnn

maen)Jifnmsedramiliaenslsnaniamiainauamnm

HaNMIIANaINAmesdadoauaannmizenu

13wy MAINlasens NUUAMNUTENLAZTUT0

A a ¢ 2 o va 1 A =
1A3DIATIZINALAAEA IR WU NALATBINAIN
128

128

wivdlumsanaialunamia laganniwesiiaiden
uas wlngiiiar sz “nsanuulslsutiesnivie
mAvsega 2 (M5 1) wagnyNmniinesng
sz nsanuulasimsn andmnniinesdue Ae Het,
MCV uaz RDW 19@28819 RBC_A uaz RBC_B
4 g v 4 4 . zx4 .

sutunanamsifiasosnuandeny nelillesnnuday

4' £ % % nd‘ 1 o
1pTedoNlsanmIaTIlanuanganulyl Iagany
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peaBIMInTIam MCV uaz Het 39 wmaliuday
isedlinamsnsiadam Het wag MCV fiuanshaiihl
waz Wwanszmuded RDW uiludidnnamnnn CvV
Y03 MCV"”

NARAMINTIVIAM MCV y0audaglsanginna (M
i 2 waggil 1n) u addiidiud udazuelinadl
upAshaFuAeLiNNARIthe RBC_A uaz RBC_B
&1 zitoun mslda MCV lumsasndansessd Hidle
Tnelsiasediiansdifinidensaludd 01 wwaliifn
navndasmvisenaauiasyld luvasfinamsasiniam
MCH I¥anisasiniaiiliuandain wazliuandis
ncdda (Ml 2 uazgUil 19.) WEh e MCH
onifhmnnfimesiming slumsdanseand Fidiemn
ahmsld MCV waziiledszifiuanugndesvesmslsin
MCV waz MCH lum3snsa@nnsessa Fiileveritisnu
udazuknndIeg MM asege Tagli
Mg RBC_A u‘ﬂuﬁmsinmuauﬁ Wuraauuaziiegn
RBC_B Lﬂu&"aasmmmuﬁzﬂuwamﬂ HagmMuUA
Iy UHanINTINAANTeINY MCV < 80 fl
359 MCH < 27 pg fin " unhiinamsasindanseaiiuuin
wuh maanefansedlaglial MCV 2l 2 ey
Alvnamsnsndansesdie MCV Whnaauiasn huwasd
mnlgar MCH ludanses yamihenu wisa jUwa
midansesldgndesnsaiy (mai 3) u adldi
HymierniAntulumsasadanseddasls MCV Tag
mnzegnidlunguiedaiiisn MCV fimuifeafy
naida~u & old IM ® 181 welilda MCH Tums
A5RAANTOINHZENE Billounu MCV Lag aaAaedny
NAM3ANEIYEY Sanchaisuriya K uazamz © fivud
mM3ls MCH fanuhlumsasianseamvesa fiily
wnnmsld MCV waziianulifindumals Mcv
37UAY MCH

mamsane 1 aliiiuindadudiaiuguaan
fnaiziivondatu unsalflssifiumsnsniamnniines
Wadeauadld iHlesmnmmsnnaianmmhonuiims
fisrinlasamsiialndifaiuadieds s wnsa
T5Us21iiudse " nEnnn1sasI9annseesa Siluves
whonmilFunmemsaansesdie MCV wie MCH 1¢
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nazldu aalviiuiimsld MCH enmang unh MCV
1 < =2 o Xo a = 1
agnlsAmMuMsAnaTIhmalsziiiuiies 13 msau
=2 4 ] o VY 5]
mnvenemsaneliaseuagunulssma azmlde JUN
AN NYIANNTUNAE IHAAADNIIATUNIUAIVAN

naziloanulsalaenanema Figveslsemalnesslyl

a A

ANANsINUSENA

midteildTums T yuuegammumite e
Thulszanal 2551 MaNIAIMENdevouuAY g 1inY
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A ¥ v v v a A d A A
dudelsa “wiusiunuameslemlasadwendeuinlalu Staphylococcus aureus
naonazlivesnszaduangihalsanennadiuasuni JNIAvoULIY

QIgUUA ModASdUNS'* Tsfsu:  dladnurun®™, USE neudu’, asnuod bu:our’, Tsade Janse’,
asruanund aamuur’’, Us:pou Beurd’, fisu um - nuius*

UNAALD

Staphylococcus aureus {WUNUATIZEUATNLIA N3INAN ﬂ'@iﬁtﬁﬂiiﬂﬁ@ﬁ?@é’ﬂymxmm Faugmsfnisenfmit
LLazUNﬂ%ﬁﬂﬁ’Lﬁﬂmnﬁquuiwuﬁqufi%'iﬁvlé' Al WA AN NATHNYRN S. aureus AD o 1 toxin el
uaz teuffedesnnidadu FuduemdnilFlumsdam  nndeyamsdnmndidui filunves S. aureus
nelsaquusmunBudelsanastunesnihiesdilsenouvessu wiiuiefiadeuiild (mobile genetic elements, MGE)
15U uuAmeslowd uaz pathogenicitiy islands (PAI) msAmil deems °1§’Ji]ﬂ’.)’]3ﬂgﬂ‘tl@\1§uf]"€ﬂ‘§ﬂﬁ@§J:1Ju MGEs
Tui¥e S. aureus el (methicillin-susceptible S. aureus; MSSA) uazapdoeEdaau (methicillin-resistant
S. aureus; MRSA) fusnlgnngihelsmennadiuaiuni ninms uiedusiiaas 50 deduinenldnnieds
wasdihelsmetnadiuasung anzunned a3 imMIMeNdeveuLAl ITHIRRUNgATMEY 2549 BuiReuligey
9550 WU Bu IWkDE wag sak wulufiosn S. aureus W esngurimiudaiihidosas 90 waz 88 mudidy
dufinuinmendu MSSA fie eta, kSF-PV (3ovaz 2 uag 10 ve4 MSSA amahéy) ustlainudu tst-1 walundu
MSSA uaz MRSA “m3udu staphylococcal enterotoxin WULANGANAUIZHINNGH MRSA uag MSSA og1ilily
“Wme @R (P < 0.05) ndnAe ndu MRSA Wyl sea it MSSA vaigii sec, sel uag sep wulu MSSA
innhlu MRSA wamsfnmiiy addiiiuhiesn 8. aureus fusnldnndihelsmenadiussunsisudela
suusManeyia vnslianoduaneguun 5y LKSF-PV - mafinendoyainsmaszinaiialuianavesduneladuy
dolilu S, aurens ondiszlomidomsinmmennagihonaglfifuiosmnemeiugnsm wiumsmuauuas

fosfiumsfaalulsmennaduil 1mgan MRSA lulsanegina

Mm °1ﬁ’m: Virulence genes, Staphylococcus aureus, Methicillin-resistant Staphylococcus aureus, MRSA, MSSA,

Mobile genetic element, Bacteriophage, Pathogenicity islands

Taudiadne uminendeveuunu

*AudivguaziannmMIngINtemaiea fiammumsunnd anzmatiamsunmd uIngrasvenunn
‘miegaBiimenadin lsanennadiuasuns aazuvmem a3 sIneduvouuny

MAInoNYIm A3 AIZUNNEA A5 IMINYIABYBULAY

*FUHABRUUNANN
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Prophage - and pathogenicity islands - associated virulence genes in Staphylococcus
aureus isolated from patients at Srinagarind Hospital, Khon Kaen

Nutanan Hongsrichan* Chotechana Wilailuckana®", Preecha Homchumpa®, Aroonwadee Chanawong’,
Chokchai Wilachai®, Aroonlug Lulitanond®, Prajuab Chaimanee® Piroon Mutsikaphan®

Abstract

Staphylococcus aureus, a well-known human pathogen, causes a variety of infections in human, e.g. superficial
skin infection through life-threatening infection. S. aureus is able to produce many enzymes, including exotoxins
which lead to tissue inflammation and injury. Moreover, it also plays an importance role in clinical practice by
exhibiting resistance phenotype to methicillin. Many virulence determinants are located on mobile genetic elements
(MGEs), such as bacteriophages, pathogenicity islands (PAI), and genomic islands, and existed variably in the
bacterial population. Then, virulence genes can be used as genetic markers for clinical manipulations, and nosocomial
control measurement. The objective of this study was to determine virulence genes associated with those MGEs in
S. aureus samples both in methicillin-susceptible S. aureus (MSSA), and methicillin-resistant S. aureus (MRSA).
A total of 100 MSSA and MRSA isolates (50 of each) were randomly selected from clinical samples of patients at
Srinagarind Hospital during November, 2006 through June, 2007. All isolates were determined for the presence of
eta, lukDE, lukSF-PV, tst-1, sak, sea, sec, sel, and sep genes by PCR. In case of MRSA, staphylococcal cassette
chromosme mec (SCCmec) types were also determined in order to study the association among the determinants
and their allotypes. The results showed that most of S. aureus samples harbored at least one virulence gene, and
most of them carried [ukDE (90 %), and sak (88 %). High potential virulence genes, eta and [ukSF-PV, were
detected in 2 and 10 isolates of MSSA only. However, sea gene was detected more frequent in MRSA than MSSA
(P < 0.05). While sec gene was significantly recognized less in MRSA than MSSA isolates (P < 0.05). The other
staphylococcal enterotoxins such as sec, sel and sep were detected in small samples of S. aureus, and none was
found to harbor fst-1 gene. The molecular information associated to virulence genes on MGEs may be useful in

clinical practice and hospital epidemiology in Srinagarind Hospital, and other tertiary care facilities.

Key words: Virulence genes, Staphylococcus aureus, Methicillin-resistant Staphylococcus aureus, MRSA,

MSSA, Mobile genetic element, Bacteriophage, Pathogenicity islands
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YN
YV d”

WMIUNNOINITD Staphylococcus aureus Slugmz
iWhinuaiiGaunsnuin nanan isadimzaguiduniseu
AslsadamaranArmeriandluaunas “aiunhinannu
Taua msfa@eniimia  wsasnle audemsanise
lunszu Tafie nazetorzmelu Baduduniuededia

Aauanelsse 1880

AsuMIAUNUENNIBAAY Fi)e
a dy = A Aa KR v A
fose S. aureus flom "sFiaieiovaz 80 uinM
amslFeuniiFadudaudl a.a. 1940 uazeundsadulull
A.f. 1959 Usy uanu I5red1Aluszezduresns
Menls walutlagiiu S, aureus W30 TAMNMIANY
WUFNTIN W WsaRedeeIy oesllald  msTinun
189UV S. aureus Inpondeqn MANMIAREHTEA
a IS 1A 1 X A 1 o e11e
duesniilu esnguaenguliuaziedes isond1 methicillin
-susceptible S. aureus (MSSA) uag methicillin-resistant
S. aureus (MRSA)"Y inmsfnvunediuga ulidnms
49’ aa a 1A d' 14 v A 14! o
ABUUNTBAAU WUNNANWADITOINVEY mecA BN
W “as1zd penicillin-binding protein 2a (PBP2a)
AA va d . [ v A o & a
niigar widiiy transpeptidase Yimrhil Snsunhlala

a

Tnanauldisuienny PBP2 uddudusiniBadunay
1 A v Y v I v X Aa
ginguiiduaauanlaiosas Wunaliizend mecA

X 5% a I U4 [ A
Aedeeniiduaauannnsia Dumglidedseniinaumg
15U vancomycin” MRSA 390umum “@gnemsunng

2 g o . .

nnvu Ml urgnsiare uwsszualulanenna
nazguy MadnElas SRNAeITestuMIfeINGEadY
o o 1 1A I 1 =& a g
MAVADNINDINEU mecA 11U IUNIIVDIALOULD
1adeuNla (mobile genetic elements; MGE) sfiaviilai
159A71 staphylococcal cassette chromosome mec
(SCCmec) Tmunldiilu 7 sliamusedtsznounuane

o (4-6)

AU 113005912 AA875 polymerase chain

reaction®”

S. aureus Ao WAnelsa 4 1wIa $9
toxin uazteulsillananssiin® namsdavFouiioy
unve Staphylococcus aureus Wﬂﬁuﬁﬁﬂiﬂ WuN
X o 1 = 3 =) g a g A AY v
woanaiesnlszneuveddlun ufdueiadeunla
fefevaz 25 Usznouaas 51U IWsoU (transposon)
wa1 e uuamneslewly, pathogenicity islands  (PAI),

genomic islands®” wazsziau 1Ay de Guaslsauig
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siiaflu ulseneuves MGE 19U 84 Toxic shock
syndrome toxin-1 (tst-1), staphylococcal enterotoxin
(SEs), ﬂ’cju toxin ﬁaaﬂqm‘%ﬁu 1%aa 15U exfoliative toxin,
leukocidin uag hemolysin Fwuameslewly naz PAI
ananulashilsuiona faludnwaiziuede (ysogeny)

1012 gauanganullou reving ¢

Tualunves S. aureus'
FaUMIANEsIAYDIdUADI5AN “NWUSAU MGEs 1
NNURANNANANNBNNHUFNIINYDAUTD S. aureus nag
91958 NLINIANANINTULTIVIMIAB L ATNNGEE 18
gl I T YumsTy aumIssnavedseuiaz
% 4 a o dydu '3 4‘ =S
1wiuglulsmening  mdTeiiiiaglsy dmednm
a =) 1 . v 1
MeMITZNAVeeBURlsA (virulence genes) launa sak
sea, sec, sel, sep, eta, tst-1, lukDE, [ukSF-PV 61umju
% 1 g} 1 d' d;l 1 aa = d’
#1081 S. aureus MInguNhuashodosnuddadun
uenlaanlsaneruiadsuasuns anzunnedl aj

WMINIagVaULAUAIEID PCR

(74 ad
9 ﬂllﬁgﬁﬁﬂ']'i
1. suaniSenlsdnm
o T é’ I 5’ d‘ I PR
f108191%0 S. aureus Wwirenusnldangie
Tsangnnadiuasuns lnerenljianmsmiiegasiine
adtin Tsanernadiuasuni serinifeungainieu
W.A. 2549 daAeuliguBN WA, 2550 1wadiedldsy
] ] ) . . . vg
M3 wegiuszuy (systemic randomization) Taelais
Nefiheduag 100 Medn Mwundu MSSA uay
MRSA 98198 50 #1981 1HONIMNAIGTUAMING DU
MsVNALRLINMaNNUTINGa A1INA dUMTIRY a1ga
DUl (deoxyribonuclease; DNase) (Becton Dickinson,
Cockeysville, USA) uazanuligie 13¢ugadn cefoxitin
England)
isonndedufuiamlu skimmed milk (Oxoid) W «

(Oxoid, Basingstoke, Hampshire,

Adsasea (VWR International, Poole, England) Jovay
15 ﬁqquﬁ -20 PIANIBAFY  IUNTILMNANIMA DU
FoyafIpd I WwazHamng suannlide 136w
83w swsmnazianzilasn auiudan uves

Q
o/ 1

YegLazMInDUIUAaz B
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wwafiise 1wiussdeildlumsdnmni ihise
MRSA mﬁuﬁ N315 Hgu sak, sec, sel, sep, lukDE,
tst-1, 18WUF Mub0 HEU sea, 189Ug 85/2082 (nen
lanndsgmaiihBuaud) uay 1eWug IVa iy 2172
f8u wkSF-PV gofianualdSuanueyianging
wnimendegula dsemadi wivediedeiiitu et
(exfoliative toxin A) iHhugedetuinenldnndihe
Tsanennadsuesuni  1eus 0703302621 Feld3y
MstudulasManNgianauIy udd
2. M35 NANIDUIBNAZATIIMBUTU MRSA

M3 fediBueesnedahmids Cetyltrimethyl
ammonium bromide (CTAB) phenol-chloroform
extraction™® Tawls 0.2 mg/ml Lysostaphin (L0761,
Sigma-Aldrich Inc., Germany) 1Hu 15iafides ae
wituzad iduied AaldiAuliNgamni -20 ssrnsaide
wnhezthinldnmdell fidwed faldhinase

puAAMNIDIRIOUD Budu D8 S. aureus w3

avImiu nue nazam wiimstesniFadudiens
A3MBU mecA @935 multiplex PCR Taw 1% primer
16SIRNA-F (5 -GTAGGTGGCAAGCGTTATCC-3 )
uaz 16SrRNA-R (5'-CGCACATCAGCGTCAG-3)"",
primer nucF20 (5'-TGCTATGATTGTGG TAGCCATC-
3) uag nucF120 (5-TACAGTTTCATGATTCGTCCCC-3')
ag primer MECA P4 (5TCCAGATTACAAC TTCACCAGG-
3') waz MECA P7 (5'-CCACTTCATATCTTGT AA
CG-3") @ "ulszaey w5y M-PCR Twfisen 25 ul
sznouaie 1X PCR buffer, 200 pM dNTP (Promega,
Medicson, WI, USA), 0.5 pM nucF20, nucR120, MECA
P4 uay MECA P7, 0.2 uM 16S rDNA-F uag 16S
rDNA-R, 1 U Taq polymerase (New England Biolabs,
Ontario, Canada) naz@duieiedn 1 ul UfAsen M-
PCR 152n0U@IY pre-denaturation 95°C 5 Wl uag
gAY denaturation ‘ﬁ 95°C 1 W, annealing ‘ﬁ 53°C
1 W4, extension ‘17‘; 72°C 1 W 30 39U uag final
extension 72°C 7 wiil lawldiaTes PCT-200 (MJ
Research Inc, USA) PCR product ﬁvlﬁﬁﬂﬂ uenAIY 1.5 %
agarose gel (Promega, USA) electrophoresis Uagdonaae

0.5 mg/ml ethidium bromide (Boehringer Mannheim,

134

134

Germany) PCR product #lgnn primer il g N
228, 162 uag 100 base pairs MNAAY  Primer ﬁ‘l%
Tums@nunil “uaszilag Operon, Germany
3. M523 dUBUAYEI SCCmec typing

MIN3 oU SCCmec MMNIT Oliviera uazamuz”
4. asasyemdunelsail “wiusiusuamesTemanaz
MGE 19735 simplex uag multiplex PCR

msasamBunelsai “wiusfunuameslemlauay

MGE la#75 simplex wag Multiplex PCR Primer “45U
msanamdudelsaiamedlslumsanunil Tnsuk PCR
peniihi 4 U§i5en 1 ael3lu msait 1 udasnaeana eu
25 ul Uszaeudiy 1X PCR buffer (NEB), 200 pM dNTP
(Promega, USA), primer usiay 1019u9u 0.5 pM, Tag
polymerase (NEB) 1 U uag DNA 984 Fodhods 0.5 ul
naziihnduasy 25 W U§Asen PCR isuifienfums
ATIBUEUBY mecA B annealing figamindl 55°C
5. MIANNvaya

Hoyafildnnmaanamsuiiferiosiuuuamesle
wlauaz MGEs thinlianzdlasmmaievazluudas
nqudnegnnazSeuifisvlasld 86 Z-test

msAnmadil lgsumsiusesdniossumsisenn
ANNIINMIVIIBIINMTING TUNYE IInendeveunan
\avil HE510216
HANSANEN

10814 S. aureus MFFums uusanadihosn
100 118 Tunaiilu MSSA uag MRSA agwag 50 faga
Frechefinen S. aureus Wiftosriinden Taghifige
wiinaug udlewasiis i 55 feehe nenifiu MSSA
S 33 §iede naz MRSA 22 §hedhe Fredhai
wmaefushedinBesiaduiindes udsmolala
909 S. aureus woldhsmnuinanuai esiagu
(predominant colonies) HAY8IFIBL1 1ATITUEN
o adly msei 2
1. wamma auanuhdesdiugain

Hamma euanuhdedugain wul MSSA
fianuhdosiduganynaiiaing evluszdy
axdwmfy MRSA S asqa aiffdesmansvinm
(multi-drug resistance) A® Aodeen ciprofloxacin,

cotrimoxazole, gentamicin, Iag clindamycin Sewaz 100
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M13519N 1 Primer N1Flumsamamiunslsa “Niusiuuuamesloma

Reaction  Genes

Primer

Sequence 5' to 3'

PCR product Reference

Reference

(bp) strain
I eta ETA-3  CTAGTGCATTTGTTATTCAAGACG 119 SNR (15)
07033026
ETB-4 TGCATTGACACCATAGTACTTATTC
lukDE ~ LukDEl  ACATGAAAAAGGTTCAAAGTTGAT 425 N315 This study
ACG
LukDE2 TCCGGCTGCCTTAAGTACTAACG
tst-1 tst-1-1 GCTTGCGACAACTGCTACAG 559 N315 (14)
tst-1-2 TGGATCCGTCATTCATTGTTAT
2 sep sepl GACCTTGGTTCAAAAGACACC 275 N315 (16)
sep2 TGTCTTGACTGAAGGTCTAGC
sak sakl GCATCAAGTTCATTCGACAAAGG 395 N315 (17)
sak2 CTTTGTAATTAAGTTGAATCCAGGG
sea sea-F GCAGGGAACAGCTTTAGGC 520 Mu50 (14)
sea-R GTTCTGTAGAAGTATGAAACACG
3 lukSF-  LukSF-  ATCATTAGGTAAAATGTCTGGACA 425 Ju2172 (18)
PV PV1 TGATCCA
LukSF-  GCATCAACTGTATTGGATAGCAAA
PV2 AGC
sel sell TATCTAACGGCGATGTAGGTCC 579 N315 this study
sel2 AGCTTTCTGGAAGACCGTATCC
Bl sec secF CTTGTATGTATGGAGGAATAA CAA 297 N315 (19)
secR TGCAGGCATCATATCATACCA

M5 2 1 aedeganenire MRSA uag MSSA Mngthe 100 118 sgniieungainmen 2549-3gumeu 2550

AIBUAINTID MRSA (n = 50) MSSA (n = 50) 393
GhL) 12 1 23
Iuny 23 12 35
ihRandsnnvaoaax 2 1 3
#70614910 nasopharynx 0 1 |
nUBY 8 20 28
Thanesmznolu 1 1 2
Modeaidulatia 2 1 3
A 1 1 2
flaang 1 2 3
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"wiungueniléammafioite MRSA nwuh fedes
fosfomycin uag fusidic acid ¥ovay 28 (14/50) uay
fowaz 4 (2/50) MuMAU U MRSA uaz MSSA
fot aaehifee vancomycin
2. %ave9 SCCmec type
NAMINTI BUBHAYI SCCmec T MRSA WuLNB
2 %iia Ao type-III SCCmec MU 31 Mo (Govaz
62 499 MRSA) uag type-IlIA SCCmec 3 19 M098N
(50802 38 Y99 MRSA)
3. anu wiusvesuurauaNNhde 15iuganay
MRSA wag MSSA
fiodansisiinves MRSA MSSA

Auuuyuruanlsde 15dugasn 9 ¥ia wudl MRSA

uag

nn wﬁuﬁgadam ciprofloxacin, trimethroprim-
sulfamethoxazole, gentamicin, 8% clindamycin, é]la@]'a
81 erythromycin, fosfomycin, fusidic acid Soway 98,
14, uaz 2 muddy uddeadhines vancomycin Mh
“una @ ﬂfju type-III SCCmec G%{E)Giam fosfomycin
Youaz 19.3 vauzi type-lIA Apsioen fosfomycin (i
Souas 5.3 vauzil MSSA ifeviavmaliesdugain

sniuiiiestosas 2 whilufines trimethroprim-
sulfamethoxazole
4. Bunelsal “wWuifunuameslemauas PAI
namMInIIlaNitunelsa 9 siafineITeeiy
wameslemanay PAT dan adly ms1edt 3 wuh
S. aureus fmululsawennadiuaiund oy WkDE ua
sak W "ilvig) Ingmwzngu MRSA nanae aswuiu
lukDE lu MRSA uaz MSSA Souaz 94 uag 86 g
MU ud llupnseegwditle 1@ aa (P > 0.05)
sak wilu MRSA ¥ovaz 96 vaiziinulu MSSA Yevay
80 9AMINA OUNN 96 (Z-test) WU UANGINAY
a8ty dyn 8d (P < 0.05) weoeysnulasu
Aolsans eewdinll  ifuduiiwuialyluszmnsves
S. aureus Tugfihefidhsums¥am o lswennadiuaiuns
"W¥ungudu leukocidin MfinBaunonIMguum fo
lukSF-PV namsanunasel nummzlushegaide MSSA
1 10 fhedn Anludesaz 20 mngudu SEs wu
31 MRSA uaz MSSA 8y SEs fiuansaiuethaiiife
AN AA (P < 0.05) NANNAD ATIINY sea, sec,
sel, sep 1 32 (5ovaz 64), 12 (Fovaz 24), 1 (5ev

M319N 3 MINTLNUMIBY SCCmec Uazdunelsa 9 sia lU¥e S.aureus NhuazfedvenNTFadunuenlann

Ahelanennadiuasuni auzume a5 NHINEIGEYTEUNAY STHINIAOY WOAIMEY 2549- Hgeu 2550

Gene MRSA MSSA All S. aureus  P-value'

Type-1III Type-1I1A Overall

SCCmec SCCmec (n=50) (n=150) (n=100)

(n=31) (n=19)
tst-1 0 0 0 0 0 NT
eta 0 0 0 2 (4%) 2 >0.05
lukSF-PV 0 0 0 10 (20%) 10 <0.05
lukDE 28 19 47 (94%) 43 (86%) 90 >0.05
sak 30 18 48 (96%) 40 (80%) 88 <0.05
sea 28 4 32(64%) 15(30%) 47 <0.05
sec 2 1 3 (6%) 11 (22%) 14 <0.05
sel 0 1 1 (2%) 10 (20%) 11 <0.05
sep 0 0 0 (0%) 4 (8%) 4 <0.05

A: " Z-test; NT: not tested,
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az 2), 0 (Fevaz 0) Medlungn MRSA muady
T MSSA nu 15 (Sewaz 30), 26 (Sewas 52), 10 (Fou
az 20) uaz 4 (Sewaz 8) mumau lag A0 130
MRSA U51078U sea 1auganilu MSSA uadu SEs w9
adunuly MSSA iandn  wennniidanudndie Bu
sea Wulu type-III SCCmec MRSA 310NN GH
type-IIIA SCCmec

o v A 1 U A o/ =y a2

miuBunelsaguINAVHAMI Ao BU eta wulu
f108N S. aureus Tulsmennadiuasuns thisd 2 A1vE
Wz MSSA wiiu  Hadiegdma sauenldan
unaiaveadthemiiumsnenladanmelaiien uaz

¥ d! 4 1 2l % o/ J

nnt wnzveadihe dadals wnsa qUla9 “wiusiy
analzeININAdlinell  uazduneliaguuedn
o doa 44w o ,
FUANUIAD £s1-1 BAUNYIVDINUNNIE toxic shock syndrome

Tsiwvludeegramselumsanmiil

a d =
s sUnansAn

A A . v X

Bunelsavse virulence gene lasuanu wlamnadu
Tunguiindde Staphylococcus fMadoyadduw 1 a3
Touhiudelsameaiiineguudu whdueninaouils
(MGEs)® 2 1quendeanu 11150ms5unInsenedu

1 & [ ' a A d‘ v I .
maniulddusaduuaiisedu uwazealsidu genetic
marker “W3UTIuNA 1eMUGlA Buielsa Agy e ldun
sak, sea, sec, sel, sep, lukDE, lukSF-PV, tst-1 Wag eta
munaguudlunvesuuameslemauas PAI fudedn
oglulaslulsnvea S. aureus” ) saupameslewlauay PAI
dhaiilu MGE udilvinauazlase Hufiuandaiu nande
wuameslawmaiduly # nsaunsninlylud lunvse
A5UNATTUIUMS 1011500 w5y 51915 Tnsindenau

Snlds@unslsalidis " PAI fvwnalwgainwe

o/

QA A A A A A v ° '
AnidudlunvesnuanSesiiaoununsnidlyludumia

mumzilesnafiduiinerdesiumsiadouds®? nn
MIANWINUN S, aureus MNgH MRSA az MSSA
Ungdu sak uag wkDE Tudlundsiesas 88 uaz 90
muaay lagiamnzegudingn MRSA Suduiinnud
1 g X 1 A & A X = v a
ifuirenelsalituns eswliall teSevay 90 Bu sak
AIUANMT 309 staphylokinase #aifingal NUALDY
a I ¥ a [ X A I o X
aolsdu Junalfifemamhaneiiiete ielize
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sanuiileidoldddatn  maasanuh 1wiugla S

1 a = A
staphylokinase 1a B1IPIYDIUVIYANA NUAFNIU

11UB18OYDYD S. aureus eVUTHUS 160

]
ISUAl

1A
AUTWUNTY sak WU S, aureus NND1IAIUAUINNN

Sung uag

Aa o

anludy  Wuldldn S, aureus T3Tmumsdiuen

=

NimzAuiaeala dATU 1 AAIIImIATIINAY

3N S. aureus NUNUAWMBSloIANNEY sak AUle &

1
=

Mungpd® Famsdnmily adlifiundy sak wolu
etaiFe S. aureus Muenldnndiheiiy v
funelsa 1Weydnndamii fie B “Ane leukocidin
fi0 WkDE wag IkSF-PV toxin i “ianigiandui
awﬁﬂﬁﬁé’ﬂymmﬂu bi-component leukocidin 1sgnou
§1 subunit govq WkDE famawulunguiiogis
S. aureus Tulsamennadiuaiuni 170 u_aguifen
fudu sak lagmmnengu MRSA MInsznevesdu lukDE
Tu S, aureus unnshafulmunguiiesefidnm Ben
Nejma Anwnluilsemagiide Meaumnsmnuey wkDE
Tu MRSA lddasiesas 92.4% nag 19Mug Community-
acquired MRSA (CA-MRSA) fiszinalmiludSae
uamsdnmane MSSA Tudihe implant orthopedic
infection nulu “a uitfiosnd Aedosaz 67 *

B IWkSF-PV 15U leukocidin Snafiantisioonsy
Tuitgiuhifuurelsaguusaiinylu CA-MRSA® uiih
madnnilazlimlu MRSA ust PVL toxin Tu MSSA
Hanw e litiesldndl MRSA #ineamdihe HIV
1" 933nA21891A15 necrotizing pneumonia nlse

LagNMINVYANUYUIUNINTIANE

WNAATUATUNS
994 Chumpol uazanz®” eaulilul a.d. 2006 uag
S. aureus gy PVL thnhagfianmmaanansmaiug
n33M 1il0991n agr type v09 S. aureus wianimulda 4
sia (lilan awwamsdnnld) u addifiuin PVL 1h
ssnunnlulsznns S, aureus Tugnsuisniaveuunu
nazdlalifu clone fidnuiin Taeily S, aureus Ml
ukSF-PV wutioe® ualissaumingany ukSF-PV
Tughoen S. aureus inelsn snhfesas 10 wuiiwly
M3AAH®  msasrenudu wkSF-PV Tu MSSA
Faflu genetic marker “Wayiionatreliurméquainu
fhefidniFedoanussinie bty
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MuUMINIENBVeINguEu SEs i S aureus Ao
sea, sec, sel Wag sep wuseway 47, 40, 11 uag 4
muddy dlefinsanifeuifisussniungu MRSA wag
MSSA Wy MRSA WU sea a0 MSSA (P < 0.05)
Youzion sec, sel uaz sep nulu MSSA _an (P < 0.05)
wenMniganu sea wiy type-III SCCmec 1NN type-
IIA SCCmec MRSA SEA toxin U toxin ﬁvlé'%’umi
Anedunteune wuteslu S. aureus Mnl¥IAA

) 1 = 1 d‘ v - 1
Wgunelsannutieevise lu

MIIunn®?, sepsis®
WULaY 19un eta (508az 2) WAL fst-1 MNMGY U A
i Uszannsved S. aureus Tuwadaminvouuny
Ngunelsaguunng esiailiiosnn
Tag qUnwuI S, aureus Nusaldaingiiels
=) a A 1 % % Jd af
nenNasuAsUNS Houaalsa “wiusMuuameslomanay
PAI viangsiia vustanuludnni 9 1wy wkDE oy
DA v 4 e o X
sak  wdudu quulusaniuandeiuld ms@awiil
n aaldidiud 1eugues MRSA fnululssnenna
pwildnuaiziiiu clone HipsnAAMIHAINHAIDYBIBUNGH
SEs tipnhngu MSSA misdnassilifumsdnuaie
4 e
usneIRDEUADlIATUNIYBY S. aureus Tulsanenina
ATuAsUNIAIEImAlia PCR  dayaanuvainnalgsnia
o a A U ) d o o o
Wugnssnludadunelsa endudsgloni wiudnun
18RNFIFINEINITzIalsane1u1a (hospital
epidemiology) uag U yuMBAEINIAAIBOBIAL
naanssNUssA
msansildsums T yunnurminedevouuny
muldlasans 1 yuinddelml Jadssanar 2549
nulanadny wnInerdeveuunu Imsdnm 2550
nazgUEIRBIAZIAINMINTIIMINFUAMIMIMIUYme
(A1) AUZMANAMIUNNG  NHING1FLVOULAY AL
FI98v0¥euAN Dr. Keiichi Hiramatsu uag Dr. Teruyo
Tto MviInenasguinula Yszmaqifu uazdasm anansd
A3 UW. MQYING AINNFTO MAIBIYATIIMNY AQY
UNNEA AFATTFNGINE NHINYIFENHAND NHANN
AYLATZHUUATITEE1NBY  uazHINNMIEa%IINeN
AatA l3anenasiuasuns aazunmgm 93 ninenay
1 d' v ¢ < é’ o/ ] =S d,,
Youunu Nlianueyanziinureiogluns@nuil
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Apolipoprotein E gene polymorphism and dyslipidemia in Thais

Nisa Decharatchakul', Chatri Settasatian® °, Nongnuch Settasatian® ** , Nantarat Komanasin® °, Naruemon
Leelayuwat™ ®, Suchart Sirijaichingkul’, Yaovalak Teerajetgul” *, Duangrudee Changtrakun®

Abstract

Apolipoprotein E (apoE) is a constituent on lipoprotein surface and plays an important role in lipid metabolism.
There are three common isoforms of human apoE, designed apoE2, apoE3 and apoE4 that are coded by three
polymorphic alleles of the APOE genes, €2, €3 and €4. Polymorphism of APOE influences the blood lipid
concentration and may contribute to susceptibility to dyslipidemia. The present study was therefore to investigate
the role of APOE polymorphism on blood lipid levels in Thai individuals. A total of 121 normolipidemic and 125
dyslipidemic subjects were recruited. DNA was isolated from peripheral blood leukocytes and APOE genotypes
were determined by PCR-RFLP. Allele frequencies of €2, €3 and €4 were 9.3%, 77.8% and 12.8%, respectively.
The respective prevalence of APOE genotypes for £2/€2, E3/€3, €4/E4, E2/€3, €2/E4 and E3/E4 were 1.2%,
62.2%, 0.8%, 11.8%, 4.5% and 19.5%. The frequencies of APOE allele and genotype of both groups as well as
the relation of APOE genotypes to the risk of dyslipidemia were not significantly different. The elevation of some
lipid parameters observed in male subjects and the higher level of lipid profile in dyslipidemic group may be due

to other factors and gene polymorphisms.

Key words: Apolipoprotein E Gene (APOE), Polymorphism, Blood Lipid Levels, Dyslipidemia
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wazmst eFinvedlanuazlszmalng” Tsailiinnn
naneilador” vedaeiu 1dun eng wd anudm aneidl
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Hosematugnssn Hudu® edwlsimunilado e

1nsaflesfudismamuauviersuidsungdnsau

Tomng u wadwnamsiszavluiuluideanalnd
dlumamnailafemeiugassuilionandnidedd
uddeanuguviseanilateol sedudlidosn auny

a211/1aly115@ud (apolipoproteinE; apoE) 1iu
arginine-rich glycoprotein Usznaudmonsneziilu 299 i
fluesdisznounileiinuoguuiisveslalulysiu®
Nunum aglunszuiumsiunuedsuveslalllysiu
wazluMImUANIEAUWIBMTA remnants ¥4 triglyceride
rich lipoproteins (TGRL, laun chylomicrons 1ag very
low density lipoproteins; VLDL) Feianadu
atherogenicity 490091003zl 1d0a” Iag apoE
shwthitiii ligand WvlalWTsfulumssuy receptors
VUAIYOIIBAAAY 15U heparan sulfate proteoglycans
(HSPGs) uag low density lipoprotein (LDL) receptor
family® wyweind apoE 3 lolswoinde apoE2, apoE3
waz apoE4 sufundnnanndada (alleles) 3 siave
osTlalTusiudsu (APOE) vulasTulsudishumia
19q13.2 Ao €2, €3 nwaz &4 mumau mliladlulnil 6
B0 AD E2/E2, E3/E3, €4/€4, €2/€3, €2/€4 uoy €3/
&4 Taw apoE 1 3 Telwrlesusianuandaiudisia
vesnsnesiilusmumidl 112 uaz158 Fensmozilung

DMLY apoE2 iU cysteine (Cys) ud apoE4

1flu arginine (Arg) "W apoE3 fighwmis 112 1y Cys
uaz fmums 158 1 Arg®

Imsdnmunlszinaiosas 60 Y99ANNLANAN
sgdu TC lundazautuegfuiugnaan (genetically
determined) las¥ovay 14 iuwannanuvainvany
NMANUFNIINTEY APOE™ Ti)s@n apoE2 uag apoE3 wu
1Al high density lipoproteins (HDL) ug apoE4 wulu
TGRL fu "wlna) % apoE3 uag apoE4 as3ufiu LDL
receptor family lad 1uﬂlm$ﬁ apoE2 Julalud
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M3IM3A TGRL remnants W319Meveefiiii apoE2
sz nimwanas dmMs ¢ 4 TGRL remnants luldon
i Smsifinduves TG luidea shlvilem W type
T hyperlipoproteinemia®™ 541" sestalsanasnidoniirle
usuemsAnemuh AR apoEe shiflsedu TC wag LDL-C
mnhiidlelevefumuudu Fufudiil apoE2 Fefluwn
Tiiuiziloafulsanasaideailaldnanh ™ i
apoE4 sinwuhilsediu TC nag LDL-C 9% wenaniid
msaninuhadauuy e4fianm “wisiulsasinshe
Taud lsanaeaidearls™ amzndaniloilome™ uaz

(15.16) !

15aANL 8N (Alzheimers disease) UAARLNG

!
yAaA

9 Sugni €3

= d' ] o % Jd o 1 (
MIANEIN HUANN “Husaanan
dadanunuNNIZAU TC uag LDL-C san 9iaNN
d' \J A L% v \ yd‘du =)
1" sadolsariaeaidealatieeninioadauuy €2 uag
&4 faiu €3 daaa iy atheroprotective allele
ANNDDARAYDY £2, €3 uay &4 hnlszmnsuday
49’ as 1 o (9) 1 . = 4‘
somanaNNuangaiu® laangu Caucasians HAa2ud
YOI E2, €3 uaz €4 dada nAvievas 8, 77 uay 1510
= v A d 4‘
msdnlulszma 15303y Iallinuanudves €2, €3
uay €4 daaawhnuiesay 8, 80 uay 12%? dJszind
ailuwhiviesas 4, 90 uaz 67 wandunuievas 5,
88 way 7% nazauimviamnuiosay 11, 83 uay 6%
o o v d' v A 4’
MUY 1AeTINUEIANNAVOY €3 dadaIzwLIINT A
Tudsgmnamnngu sesasn "wilvg Ae €4 dada®™
Tunguilszimaglyluazenisnuriioanudves €3 dada
Tagwasi iiiniosaz 79 wlsgmnnslungulszmadun
] a = Ad'l = aA d' o A
15U g1gAszile Piju I uaziMUaNANNATEIES dada
Teawmavsosaz 80 U= uonaniinnNdvee 4 Dada
d! =) I .. 5’5 1 .
#aiAT atherogenicity W lungw Caucasians wag
AuBNSIuIZiANND aninguilszimady asiuszmng
1 o v A =3 =y Ad' \
nguiszmanziuanuazdnindedilon 1" eadolsa
vaealdealananingulszimadu
lwlszmalnelafins@awnngifuanuvainviae
NMINUNIINTDY APOE lagmisdnwnounthiinuii
ANNDDRAAULY E2, €3 uay &4 Av3vuay 6.5, 85.9
uaz 10.9 muaau®®  Ansnumsanenlulszmnnsine
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N ImwanuNdafanY €2 Hanu “NUSAUMINIZAY
TC, TG waz LDL-C NanaaiieifSoumeuiy €3
dadauuy €4 HANH “WANSAUMIAMAINGN TUlD

) ! = L% o/ d
RASWUI E4 HANN UWUDNUMT

nisuineuiu €3%
dinanui “sadelsaanud1i‘on Alzheimer's Sndae™
pgnlsAmumsAnmdeana “uiussznieanuvain
NANEMINUGNIINYDY APOE Auanzluiivluideatia
Undgebiinmsfnsundenlusemdlng Fafumsinm
afailfaifagquse ediflenramanumarnnatsma
WUFNIINYed APOE uazszavluiiuziiadng luidea
vosauInenduitiinngssduluiuludenlnfisouifioy

[ 1 d'd % o/ =) a a
Aunguiiszavleiuluifenialn

(74 Aas =
9 ﬂallﬁgﬁﬁﬂ'ﬁﬂﬂﬂ'l
v U v 4' =

ngudredanlFlunsdnm

AMIANEINTANIUAITTUIDIAIUTHTITHANTIDY
NNANLNITHNIIETIINMIITOTUNYEE 1INy
youuAundr ngusiediuiue 1 daslneminivuims
A379 ¥MNA 01UUINs vnmaianisunnduay
MuMMNIA AULINATAMTUNNG NNINLNBIVBULAU
NUNIING 246 AU Ndaanululudugenitnginlasams
v L4 d! 1A A LY
feanN sl #alidenmsu awedlsavasniaoniila
i electrocardiogram (ECG) Min@ Nszauihmaluldon,
10U L3y (alanine aminotransferase; ALT, aspartate
aminotransferase; AST Wag alkaline phosphatase; ALP),
blood urea nitrogen (BUN) wag creatinine g luinaui
Un@nazlifianudulaitn 9 01 1 dasgauieesniiy

pangu Ao nquindszavlviuludenlndinnu 121 au
waznguniszavlvivluidearalndim 125 au inami
d‘ VA A % 1 A L% = a a A = % L%
nlnasninlviulnaeadalnd fe Nszevlviiv
siialasiiavisde lWUAMNG Taunlisedu TC > 240 mg/
dL, TG > 200 mg/dL, LDL-C > 160 mg/dL %3 HDL-
C < 35 mg/dL®
< =) QU v A
MISNVRALIASUNAIDY AN
R1L1A0AAL UIADAMYDID 1 NATN IAIAD1YNT
4 4 L < dgvo o

BAZIATONANIBENNNBY 12 FNe wan 1N ls sy
A379320U FBS 1a3sunnideaniilsidenngonlsa

IS v A [ ' Ao & = A A 1A
WU 19AUIGeA NN ’JHSBSN"NMEEJNmﬂLﬂE}ﬂVﬂNN 13

144

144

fndoaudagnldlumsnsin ALT, AST, ALP, BUN,
creatinine, TC, TG uag HDL-C “wi¥uideaflld EDTA
Wy siudeandddslums Aedlduenndiadensnn
Tagldymien 13931 FlexiGene DNA kit (QIAGEN,
Hilden, Germany)

MINTIIMSZAD 151l luden

#3797a133a FBS, ALT, AST, ALP, BUN,
creatinine, TC, TG waz HDL-C fheiasediinnzioniuiia
Beckman CX4 (Beckman Coulter, Fullerton, CA) g
1$vhen “13031) (Trace®, Clayton, Australia) "33y
LDL-C ldmamsannalagld Friedewald equation®”

msasmd lulnilues APOE

ATIMANNRAINANEY0I APOE Menatia polymerase
chain reaction-restriction fragment length polymorphism
(PCR-RFLP) 1511390135984 Zivelin A uazamz® sy
hadlelnaves forward uag reverse primers (Invitrogen,
Carlsbad, CA) @® 5 TGTAAAACGACGGCCAGTCAA
GGAGCTGCAGGCGGCGCA-3’ uag 5’-GCCCCGGCC
TGGTACACTGC-3’ MUy un Nawe luljasen
PCR #5935 25 uL U32noual8 primer usiay
sUAANNITNTY 0.3 uM, dNTPs (Promega, Madison,
W) 200 uM Tubuffer i un uves MgCl, 1.5 mM
(QIAGEN), 1X Q-solution (QIAGEN), Tag DNA
polymerase (QIAGEN) 0.5 unit uazﬁzﬁmaﬁamﬂﬁju
§o¢19 100 ng ¥ PCR Tnglfia3es Thermal Cycler
PTC 100 wag PTC 200 (MJ research, Ramsey, MN)
szneudetuneudendail Ao denaturation figamnf
94 °C 1Wuna 6 il mudie PCR cycle ﬁqquﬁ 94 °C
40 3w, gamai 65 °C 40 3N uazgamigil 72 °C
2 ¥ I 36 39U uag final extension ﬁqquﬁ
72 °C \flunm 5 Wi wé’qmﬂﬁuuﬂwawﬁmwﬂ PCR
poniilu 2 iaen viaenaz 10 uL wazhldeudeioulss
Afl I (New England BioLabs, Harts, UK) 3 unit uag
Hae 1 (New England BioLabs) 5 unit iy figaumal
37°C funa 24 $1lua udsn euvNABY LveA
Buied lgnnmsdesdneds electrophoresis 1 2 % high

resolution agarose gel (Promega)
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MFUATIANN aa

Aangideyana afdaalisunsu SPSS version 15
u aedeyaiflusundoua: udsusumnasgu wums
A OUMINITNBYOITOYAlE Kolmogorov-Smirnov Test
fFoyadudsiiluddiavdeiiosfifinansznediy
nwpldand (normal distribution) léun anudulaiia
creatinine uag LDL-C/HDL-C "widioyafifimanszans
nuulashidn@ezgnulasdeyaliiiua logl0o Aeu wia
YIMANIANMN adldszylihemane @ P < 0.05
do1NANNUANAINDENHTY 1Ay  1azn1TIIANY
“wiusszrieilulndves APOE funngluivluiden
Amndluaulngld logistic regression 1ie3ianzimean
Odds Ratio (OR)

HANISANEN

mMIfJeunsuadiulsdgniadiinuagnanis
avn iailudensfiasagsniner 1 fasia eangu
wuher 1 fasniszdvleiuAaUndfiduadsvesany
aulaiia 01g dstiniane 326U FBS, creatinine, ALT,
AST, TC, TG, LDL-C, TC/HDL-C, LDL-C/HDL-C uag
TG/HDL-C anhen 1 fiasiiisedvluifuludentnd
28Ny MAYNIN A (M3t 1) waziilefinsanis
siavedloihiluideavesnduitinizluinludondalnd
91 1 a3 wlng) (Sewaz 43.2) dszay TC TAy LDL-C
Lann@ saudan @e d TG andindiegadeiny
Sovaz 13.6 (lildu asmaluman

d' a Jd 1 = 1 1 d'd o/ =) a 1 d'd £ 2 a a
A1INN 1 1 aanndiweiine WisuimeussninaguiilvivludeanfuaznquiillvivludeaiaUng

Parameter Normolipidemic group Dyslipidemic group P-value
m=121) (n=125)
Gender; Female (96) 80 (66.1) 73 (58.4) 0.212
Male (%) 41 (33.9) 52 (41.6)
SBP (mmHg) 110.63 +£13.33 114,72 £ 12.30 0.014
DBP (mmHg) 70.75 + 8.38 73.25+£8.28 0.021
Age (years) 43.19 + 7.99 47.17+7.53 <0.001
BMI (kgfmz) 22.38+£2.98 23.88+3.12 <0.001
FBS (mg/dL) 77.25 £ 6.80 80.24 £ 8.16 0.003
BUN (mg/dL) 11.15+2.48 11.77 £ 2.74 0.097
Creatinine (mg/dL) 0.99 +0.21 1.06 £0.23 0.009
ALT (mg/dL) 18.93 + 7.69 21.02 £8.07 0.023
AST (mg/dL) 26.14 +5.70 27.71 £6.13 0.038
ALP (mg/dL) 57.55+16.13 60.69 + 16.14 0.088
TC (mg/dL) 195.39 +£23.27 243.69 £ 40.11 < 0.001
TG (mgsdL) 90.65 + 35.63 172.81 + 101.27 < 0.001
HDL-C (mg/dL) 50.10 + 10.76 52.74 +16.85 0.533
LDL-C (mg/dL) 126.97 + 20.65 158.39 £ 41.02 < 0.001
TC/HDL-C 4.01 +0.69 4.98 + 1.34 < 0.001
LDL-C/HDL-C 2.63 +0.62 3.26 £ 1.21 <0.001
TG/HDL-C 1.90 £+ 0.93 3.72+3.19 < 0.001

= o ¥ o 3
INAAAAZHIBUTAITINIY (F002) A3 11A03 U uAAIANIlY mean £ SD MINATOUANUUANANNIAEA 1S

independent t-test (SBP = systolic blood pressure, DBP = diastolic blood pressure, BMI = body mass index)
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MINN 2 1 WANNAdada €2, €3 uay €4 VBN
91 1 AN Avdevaz 9.3, 77.8 nag 12.8 MuAG

d'QJ a2 ~ | o/ Qg.ll 1 1
anuadadauazilulnivesen 1 dasns esnguliuan
ghaty Aulnilinuinn ade €3/€3 sosannde €3/&4
91 1 diasnguniszavlvivndlinudluln e2/€2 uay
e4/€4 wanwvldmdndeslunguitdiszdvleiiuialnd

msnsznedianuddlulnivesie eenguiiluliau

ng w9a Hardy-Weinberg (nqulusiuluaennd x*
4.025, P = 0.546 uazngulvivludearalnd €2
2.821, P = 0.728) u avhanudves APOE 8ada
Tusemnsudaziulifimsdsunlamsesicnasilunng

1 -4' 1= -4' 9 1 1T Aa

1 Wewmnliiimsadeudhevesnguiszanns lsiia
mM3dnidenlaesssnmnd vieliinamsnangiuguesiu
APOE \flugiu

a15NN 2 annddadanazdlulnives APOE lunguiiilvinludentnfuazngunitlvivludentialnd

Frequency; n (%)
Allele/genotype Normolipidemic group  Dyslipidemic group Total
(n=121) (n=125) (n = 246)
Allele
&2 23 (9.5) 23(9.2) 46 (9.3)
&3 190 (78.5) 193 (77.2) 383 (77.8)
&4 29 (12.0) 34 (13.6) 63 (12.8)
Genotype
E2/E2 - 3(2.4) 3(1.2)
E£3/E3 75 (62.0) 78 (62.4) 153 (62.2)
E4/E4 - 2 (1.6) 2(0.8)
E2/E3 17 (14.0) 12 (9.6) 29 (11.8)
E2/&4 6 (5.0) 5(4.0) 11 (4.5)
E3/E4 23 (19.0) 25 (20.0) 48 (19.5)

. . 3 " = a0 = =t g =
Chi-square analysis 1“Ifﬁluﬂ"li1’|ﬂﬁﬂﬂﬂ']'luuﬂﬂﬁ'IQ'H"N'G_TQWSUEN?I']"Iilaﬂaﬁfllla?ﬁliuthlﬂ“UEN APOE TZHIMNUNAND

] " A @ = - " oaa s = = - ] J
L!.Elm‘l”lﬁ‘]f']ﬂ!.m%‘i%ﬁ'ﬂﬂﬂi!ll‘l"li.lh].“[!ﬂu(lul,aﬂﬂﬂﬂﬂL!a%ﬂQHﬂﬂJhlﬂjiJu<1ulaE)ﬂNﬁﬂﬂﬂ Nﬁﬂ']‘i‘l’lﬂﬁﬂ'ﬂthWUﬂ'ﬂl!Mﬂﬂﬂ"N

(P-value > 0.05)

Py = 1 Aa o o
MINN 3 1 aIRaveInsAnEInguiiiszauluil
luidealnd wunszdu TG uag TG/HDL-C vodmeii

Aulniluny £3/€3 fa andmdaninlulniuuuifediv

146

146

wesnndlulniluuy €2/€2 uas £4/€4 lunguidl
szavlvsiuluideafimlafianunuisy (M3en 2) aatil

Faimstangulmilassn €2/€2 1hiv £2/€3 Wungu
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1590 3 1 aaszduleiueeg Tumandgauazmovengs

v

nszaulviuludealndnenmusiavesd ulnives APOE

E/E3 E3/E3 E3/&4 EVEL
Parameter P - value
(n=17) (n=75) (n=23) (n=6)
TC (mg/dL)
Total 195.00 + 20.11 193.91 +24.35 199.13 £21.67 200.67 2695  0.747
Male 195.25 +22.79 196.46 + 25.76 196.56 +28.83  198.50 +16.26  0.998
Female 194.92 +20.23 192.55 +23.73 200.79 £ 16.61 201.75+33.43  0.584
TG (mg/dL)
Total 89.00 + 35.52 87.20 +32.75 102.57 £45.09  92.83 +27.59 0.570
Male 108.50 =+ 49.80 104.46 + 36.98" 11578 £39.11  109.50 +31.82  0.885
Female 83.00 + 29.93 78.04 + 26.35" 94.07 +47.96  84.50 +25.57 0.728
HDL-C (mg/dL)
Total 50.47 +9.41 50.57 +11.12 48.83£11.09  48.00+10.30 0.847
Male 47.75 £8.18 51.08 + 14.31 51.00+14.11  39.00+4.24 0.617
Female 51.31 +9.91 50.31+9.17 47.43 £8.95 52.50+9.47 0.623
LDL-C (mg/dL)
Total 126.76 + 14.77 125.52 +20.29 12991 £25.17 13433 +22.70  0.773
Male 125.50 = 14.84 123.96 + 24.62 122.56 +34.06 138.00+14.14  0.848
Female 127.15 + 15.33 126.35 + 17.81 134.64+17.23 132,50 +27.91  0.502
TC/HDL-C
Total 3.94 +0.53 3.94 +0.62 4.24 +0.89 430+ 0.92 0.346
Male 4.15+0.62 4.03 +0.85 4.10+1.20 5.14 + 0.98 0.528
Female 3.88 +0.52 3.89 +0.47 4.33 +0.66 3.88 £ 0.61 0.062
LDL-C/HDL-C
Total 2.58 4 0.44 2.57 +0.58 2.80 + 0.79 2.90 + 0.80 0.595
Male 2.67 +0.44 2.59+0.78 2.60 = 1.05 3.58£0.75 0.547
Female 2.55+0.46 2.56 + 0.44 2.92 +0.57 2.56 + 0.65 0.161
TG/HDL-C
Total 1.83 +0.82 1.80 + 0.82 225+1.27 2.02 +0.85 0.445
Male 2.35+1.23 2.19 + 1.00" 2.51+1.32 2.87+1.13 0.764
Female 1.67 +0.63 1.59 + 0.63" 2.08 + 1.25 1.59 +0.22 0.568

AT Imesaequaauly mean £ SD AINATBUAMLUANA19TENHA19S Tu'Inl1Fad@uuy ANOVA taznis

NAAOUANLUANA 1952 T1UNA LY independent t-test (711 P-value:- a = 0.001 1aE b = 0.003)

€2 carriers UazIIN E4/€4 191U £3/€4 1T €4 carriers
e msadt 4 dlenReuifeusyiulviusiinsheluudas
lniwuhmengudlulniuuy €2 carriers nag £2/€4
fifn TC/HDL-C _ahludwds wmeiiih £3/€3 fimn
TG wag TG/HDL-C snhuag LDL-C/HDL-C shnh
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mamde uennnimuhmeiiiu €4 carriers §i TG
andunands  iflenfisuifisuanuuandieszning
ulndwydrer TC/HDL-C uag LDL-C/HDL-C luing
naIzuandiy lag €4 carriers A1 9 auaz £2/€4

1
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AN 4 1 aesgvlviuig lumavdauasmnevesnguniszivleinluteafiaUnfusnmustinvesdulnives APOE

£2/62 + E2/83 E3/E3 E4/EL + E3/84 E2/E4
Parameter P-value
(n=15) (n=178) (n=27) (n=5)
TC (mg/dL)
Total 235.07 +42.73 244.65 +39.11 246.89 + 42.09 237.20 + 45.83 0.784
Male 243,17 +25.77 242.25+41.12 237.09 + 39.22 243.67 = 44.43 0.982
Female 229,67 +51.94 246.33 + 38.02 253.63 + 43.90 227.50 £ 64.35 0.475
TG (mg/dL)
Total 19560+ 11630 168.78 = 101.09 160.89 = 80.58 231.60 + 155.27 0.665
Male 249.00 + 129.17 20625+ 111.89" 202.09 + 04,32h 264.67 + 181.33 0.836
Female 160.00 + 98.38 142.72 + 84.67 132.56 % 56,76 182.00 + 149.91 0.939
HDL-C (mg/dL)
Total 49,13 + 15.25 53.82+ 17.42 51.93 +16.77 51.20 + 15.50 0.818
Male 42,67+ 11.34 56.28 £ 21.19 55.55 +21.00 41.00+9.17 0.420
Female 53.44 + 16.56 52.11 % 14.24 49.44 + 13.32 66.50 + 3.54 0.478
LDL-C (mg/dL)
Total 146.93 + 37.07 160,00 + 38.54 162.74 + 47.19 141.50 = 61.15 0511
Male 150.83 + 38.32 151.23 + 40.99 141.00 + 41.34 158.50 + 41.72 0.904
Female 144.33 + 38.31 165.72 + 36.17 177.69 + 46.22 124.50 + 91.22 0.101
TC/HDL-C
Total 5.08 = 1.42 4.90 + 1.28 5.15+ 1.52 4.95+1.49 0.908
Male 6.03 % 1.66° 48141.58 4845179 5.984031" 0.235
Female 4.45+0,84° 4.95+1.03 536+ 1.32 3.40 = l),‘,i")'l 0,041.
LDL-C/HDL-C
Total 3.17 + 1.03 321+ 1.14 3.48 + 1.44 3.05 + 1.59 0.880
Male 3.68 = 1.15 298+ 1.39° 3.04 = 1.61 427+0.15 0.377
Female 2.83 +0.84 337+0.93° 3.78 + 1.29 1.84+1.27 0.020
TG/HDL-C
Total 4.55+3.51 3.63 +3.52 334+ 1.68 4.84+3.13 0.579
Male 6.76 = 4.42 4.61=4.588" 399+ 1.80 6.20+3.12 0.443
Female 3.08 = 1.80 2.94+1.90" 2.89 = 1.48 2.80 +2.40 0.970

1 a g1 < = ! 1 Av o o ' 1A | ¥ aa
AMmNAneTae i auilu mean + SD * Hanuuandnedniiiy dguema suanuuandesziislulndde afuuy

ANOVA 1azmna auanuuanaesziiaimals independent t-test (A1 P-values:- a = 0.002, b = 0.018, ¢ = 0.032,

d =0.021, e = 0.043 uag f = 0.018)

asi 5 ldhnsiSeuifieussaulviuveann
lnilsenier 1 i esndu nuhsgduleii '
Tngjvesnguitiiszavloiuludoaiadndiien sndings
AfszsuloiulndenUnfodheiiie Wy oniussdy

HDL-C aghiuandnin szaulviiunamniimesves

148

148

91 1 dasne eanguindidlulniluvy €2/64 wudien
Tsiuananai
4910-/ 1 =S | 1A o % d o
wenanddanuyadlulndlifianm “uinsiy
4, v a A o~ i~ A \
ANl sagennzlviuluideadnlnd 1Ho91A%NANN
1¥0NUTDYAL 95 Y8 Odds Ratio NnArlAIATEN 1.00
(3dlén aamalums)
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‘ﬂ' Iy o/ L ! o/ v A a A | o/ g.’l !
a3 5 Wisumeuszauluiudng Auanugnvesdadauazaiiadlulndluer 1 A eangu

&2 &3 &4 E2/E3 E3/83 E3/E4 E2/E4
Parameter

(AN = 46) (AN = 383) (AN = 63) (n=29) {n=153) (n=48) (n=11)
TC (mg/dL)
Group 1 1965+ 21,6 194.6 + 23.6 1994 +223 195.0 + 20,1 1939244 199.1 £21.7 200.7 = 27.0
Group 2 230.8 +45.6 2445+ 38.8 248.1 £42.6 2442+ 33.6 244.6 = 39.1 243.4+41.2 237.2+458
P-value 0.011* =0.001* =0.001* =0.001* =0.001* <0.001* 0.133
TG (mg/dL)
Group 1 90.0 £ 33.1 89.2+ 348 100.6 +41.8 89.0 + 35.5 87.2+328 102.6 = 45.1 92.8 +27.6
Group 2 211.5+122.1 168.2 +£99.1 172.5 = 94.1 180.1 £114.7 168.8+ 101.1 159.3£82.4 231.6 = 155.3
P-value =0.001* =0.001% =0.001* 0.010* =0.001* 0.002 * 0.058
HDL-C (mg/dL)
Group 1 498 £95 50.4 <109 48.7 £ 10.8 50594 506111 48 8= 11.1 48.0x 10.3
Group 2 48.6 + 14.7 535+17.2 51.2+16.0 51.0+15.7 53.8+174 52.7+17.2 51.2+15.5
P-value 0.740 0.280 0.698 0.910 0.479 0.564 0.691
LDL-C (mg/dL)
Group 1 128.7 + 16.9 126.2 + 20.4 130.8 + 24.4 126.8 + 14.8 125.5 £20.3 129.9 +£25.2 1343 +22.7
Group 2 1403 + 41.8 159.7 £ 39.0 163.2 + 48.8 157.2+31.4 160.0 + 38.5 158.7 + 46.6 141.5 +61.2
P-value 0.226 <0.001* 0.023* 0.002* =0.001* 0.055 0.796
TC/HDL-C
Group 1 4.1=06 4.0+0.7 42+09 39405 39+06 42+09 4309
Group 2 50=1.4 49+1.3 5215 52415 49+1.3 5015 50%1.5
P-value 0.003* =0.001* 0.003* 0.005 * =0.001* 0.038 * 0.395
LDL-C/HDL-C
Group 1 2.7£05 26£06 28+£08 26+£04 2.6 0.6 28+08 29+08
Group 2 3111 32412 35+14 33411 32411 33+14 3.0+ 1.6
P-value 0.113 <= 0.001* 0.022* 0.030 * 0.002 * 0.104 0.845
TG/HDL-C
Group 1 1.9=0.8 1.9£09 22+£1.2 1.8£0.8 1.8 +0.8 22x13 2008
Group 2 4832 36+£33 3619 42+£3.7 3635 3317 4831
P-value = 0.001* <0.001* 0.001* 0.017* <0.001* 0.024 * 0.061

AN EIeesA1euaauilu mean + SD MINATOUANUIANATEN NG HaBAIDY independent t-test,

* P-value < 0.05, (Group 1 = Normolipidemic group, Group 2 = Dyslipidemic group)
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Prevalence of musculoskeletal disorders in patients who received
treatments from the Office of Medical Technology and Physical Therapy
Health Service, Faculty of Associated Medical Sciences, Khon Kaen University

Wanida Donpunha'”, Rungthip Puntumetakul ?>, Sugalya Amatachaya .

Abstract

Nowadays, the number of patients with musculoskeletal disorders has been increasing both in public and private
hospitals. A study regarding prevalence of these conditions is vital for health promotion and prevention for people
in the community. This study aimed to report the prevalence of musculoskeletal disorders in patients who received
treatments from The Office for Medical Technology and Physical Therapy Health Service, Faculty of Associated
Medical Sciences, Khon Kaen University during October 2006 - September 2007. The results showed that there
were 688 new cases who were treated during official time (Sixty percent were female). Most of these patients were
middle-aged (forty-five percents of aged between 45-64 years old). Forty-one percents of the patients were employed
by the university whereas the rest worked outsides. There were 905 lesion sites. The three most frequent areas of
disorders were lower back, neck and upper back respectively. Most of these patients worked in the Faculty of
Associated Medical Sciences, Faculty of Nursing, and Faculty of Dentistry respectively. The most frequently found
of the disorders was neck problem. The findings may contribute to further study for development of appropriate

health promotion and prevention programs for patients with musculoskeletal disorders.

Key words: Musculoskeletal disorders, Prevalence, Physical therapy

'The Office for Medical Technology and Physical Therapy Health Service,
*Department of Physical Therapy, Faculty of Associated Medical Sciences, Khon Kaen University
*Corresponding author (e-mail: wanida_ams@yahoo.com)
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Balance and obstacle crossing ability in independent ambulatory spinal
cord injury patients

Sugalya Amatachaya' ", Kitti Sombanda®, Kalyarat Rungrattanachiwin®, Sukanya Jaikla®, Wantana Siritaratiwat',
Worawan Kamruecha'

Abstract

Patients with spinal cord injury (SCI) are frequently having impairment of movement control particularly
a complex task such as walking and balance control. This study investigated ability of 18 independent ambulatory
SCI patients to control their balance by using Berg Balance Scale (BBS), Timed Up and Go Test (TUGT) and to
walk over small obstacles (wide or high obstacles at the size 1, 4 and 8 cm., 6 conditions totally), which are the
sizes that commonly found at home and in the community. Each obstacle was placed at the middle of the 10-meter
walkway. Results demonstrated that most of independent ambulatory subjects still had problem in balance control
that resulting in exposing to a high risk of fall (BBS = 32.83 + 13.66 scores and TUGT = 45.57 + 18.83 seconds).
In addition, 39 % of subjects were unable to successfully walk over obstacle(s). There were clinical significance
of balance control (BBS) between subjects who were able and unable to successfully walk over an obstacle
(> 6 scores). The results may indicate that the development of balance control and obstacle crossing in patients with

SCI who are able to walk independently is important to decrease risk of accident after discharge.

Key words: Spinal cord injury, Balance, Crossing ability
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Reliability in using the Modified Gross Motor Function Measurement-66
Thai version by Physical Therapy students

Korakot Hensangvilai'*, Araya Yankai?, Mattana Angsupaisal’, Rumrada Intachom® .

Abstract

The motor assessment tool in children is very limited in Thai. The purpose of this study was to determine
the reliability in Thai Physical Therapy students, using the Modified Gross Motor Function Measurement-66.
The Modified GMFM-66 was developed from the GMFM-66 & GMFM-88 and the Modified GMFM-88 in Thai
version. Two cerebral palsied children were assessed by using the Modified GMFM-66 Thai version, taping with
VCD and scoring the evaluation according to Modified GMFM-66 scoring system. Then the third year Physical
Therapy students who have never used GMFM, were instructed the Modified GMFM-66 Thai version and evaluated
both children through VCD. The over 70 percent agreement was signified for the reliability of using the Modified
GMFM-66 Thai version. The data was analyzed by using descriptive statistic in percentage, mean and standard
deviation. The results from 113 students who scored both children demonstrated the over 70 % agreement in all
dimensions at 79.87 £ 7.79 and 87.16 * 6.18 %. The number of students who was unable to pass the agreement
of using the Modified GMFM-66 Thai version in the two CP were 11.50 % and 3.9 % respectively. Therefore,
the Modified GMFM-66 Thai version was proved as a reliable tool and suitable for clinical teaching in Thai
physical therapy students. It is believed that if the students practice this tool regularly, the Modified GMFM-66

Thai version will be more accountable in movement assessment in pediatric Physical Therapy clinic.

Key words: Assessment, GMFM, Cerebral palsy, Physical Therapy students
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Modified Gross Motor Function Measurement (GMFM)
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Modified Gross Motor Function Measurement (GMFM)
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Modified Gross Motor Function Measurement (GMFM)
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