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Roles of MHC Molecules in Immune Responses and
Accomplishment of Viral Vaccines

Tirasak Pasharawipas®

Faculty of Medical Technology, Rangsit University Pathum Thani Province, Thailand

Abstract

It is believed that viral vaccine is a powerful tool to prevent viral infection. Occasion-
ally, there were reports of the low efficiency of viral vaccines some of which can be less than
50%. Major histocompatibility complex (MHC) is the polymorphic molecule that plays an
important role in inducing cell-mediated immune response of helper T cells (Th) and cytotoxic
T cells (Tc). There are two classes of MHC molecules, class I and II. Both classes have three
major loci: HLA-A, -B and -C in class I and HLA-DP, -DQ and -DR in class II. To date, over
thousand alleles for each MHC gene locus have been characterized. Based on genetic inheritance,
individuals have variation of MHC alleles. To induce specific T-lymphocyte clones, T-cell
epitopes require the association of the compatible MHC molecule to form an MHC-peptide
complex to induce specific T cell clone through T cell receptor (TCR) molecule. Thus, lacking
of appropriate MHC allele can be the cause of negative seroconversion in some individuals for
some particular antigen. This article discusses the association of MHC molecules and immune
response in prevention of viral transmission by the viral vaccine. A prospective plan for
managing seroconversion in vaccinated individuals is also proposed as a package of the viral

vaccine administration, particularly, the role of medical technologist.

Keywords: Viral vaccine, Major histocompatibility complex (MHC), Viral epidemic
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SuyTuiau® APC finthihhiauououdiou Tng
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Glmmqmﬁ LﬁadmﬂTmaqa MHC Qﬂﬁuwmwﬂ
Gunnadidaidonin uana MHC vosdad
siiaduldsumsiauateuansafiy ¥ MHC
Gumﬂﬂi (39071 swine leukocyte antigen (SLA)
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1 d' I ;’5 v o oaAaA
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dadavea MHC class I vinsiia mMsaignen
4 1 v
fanantianyuzi@eIiuiu HLA Tadddu q i
v
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M3ABUAUBININHANAUNVUNUINYB
Tatana MHC

weuALlauAeIMslutana MHC e
UsznoutduluianatFeaiou MHC-peptide
complex v?ammmm:é’ju T lymphocyte laau
Anrtafiuedad e Tngusuaaudoaniu
A3zLIUMIAGonT antigen processing titevild
Tutana MHC allele dhiufuulundmeduvide
T cell epitope NaY Wl MHC-peptide complex
roudslgainsadues APC tionszdu T cell
uaazlAal NITUIUNTT antigen processing Nelo9
UUUAD endogenous antigen processing pathway
(antigen processing class I) Lﬁ‘ ang Zél:‘u cytotoxic
T lymphocyte (Tc) oz exogenous antigen
processing pathway (antigen processing class II)
ions =@ helper T lymphocyte (Th) riulutana
TCR %04 T lymphocyte udazlpau* >
Ty MHC-peptide complex fuansafuaz
fiu TCR Lﬁ'anszéju T lymphocytes Taausiafiu
981991tW1z (MHC restriction)?® 27
Endogenous antigen processing
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Fauvmanwemmizdmsvivnmelusoadsy
(groove) ‘UENT:JLaqa MHC class I 'lé13}u MHC

. 4 y
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1nLwatimgﬂmLﬂiwzwmuLLa:agGlu rough endo-
plasmic reticulum (RER) gndudadieluianan
o Lo da .
1380 invariant chain (Ii) NUIIUIDIILUDY
Twana MHC class I nagtu MHC II-Ii
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Abstract

Streptococcus suis (S. suis) is an emerging zoonotic. This bacterium causes many
pathological conditions such as, meningitis, septicemia, endocarditis, septic arthritis and death.
To date, molecular serotyping method has not distinguished S. suis serotype 2 from serotype
1/2 because cps genes of these serotypes share highly similar sequences. In this study, multiplex
PCR assay was developed to distinguish S. suis serotype 2 from 1/2. New set of primers were
designed for amplification of variable regions in nucleotide spacer between cpsS gene and cpsT
gene combining with published primer set. The result indicated that the colony multiplex
PCR assay is able to differentiate these two serotypes in reference strains. For specificity
test, several gram positive and negative bacteria were tested and amplicons were detected only
when using universal primer set. The PCR showed limit of detection for S. suis at 100 CFU/
reaction. It was concluded that this assay is sensitive, specific, simple and cost-effective.
However, before this method could be performed for clinical microbiology laboratory or for
epidemiological studies the multiplex PCR assay should be further evaluated with more S. suis

serotypes and related bacterial species.
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Introduction

Streptococcus suis (S. suis) is a gram-
positive coccus bacterium existing as singles,
in pairs or in short chains. They can grow in
the atmospheric condition with 5-7% carbon
dioxide. Previously, these bacteria were clas-
sified into 35 serotypes, 1-34 and 1/2 by distinct
capsular polysaccharide.(l) However, serotypes
20,22,26,33 and 34 have recently been shown
to belong to new bacterial species. Therefore,
S. suis species currently comprises a total 29
serotypes.(2’ 3 S. suis could generally be found
in pigs and transmits to human being, causing
zoonosis. The most commonly severe illness
in human is S. suis serotype 2. The first case
of human infected by S. suis was reported in
Denmark in 1968.”) In 2018, the epidemio-
logical surveillance report of Department of
Disease Control, Thailand Ministry of Public
Health revealed 317 cases of S. suis infection.
Most reports were from northern region of
Thailand.® The majority of these cases caused
by consumption of raw pork such as spicy raw
pork salad, raw blood, etc. The most common
illness found in human caused by S. suis is
meningitis. Secondly, serious septicemia might
lead to toxic shock syndrome. Other illnesses
include sudden hearing loss (SHL) that leads
to infection with pus, peritonitis infection, etc.”

Diagnosis of patients, infected with
S. suis can be done in the laboratories by
bacterial culture from the patient’s blood
sample, cerebrospinal fluid or joint fluid.

Diagnosis can also be accomplished by

Nisarat Poonanan and Rerngwit Boonyom

biochemical test, but this would often give
inaccurate results. Moreover, diagnosis of
S. suis and identification of serotype can
also be done by coagglutination test using
serotype-specific antiserum. However, this
method is costly and cannot be conducted in
an ordinary laboratory.(g_“) There are reports
of cross reaction between serotypes(lz).
Moreover, some isolates were untypeable by a
coagglutination test using serotype-specific
antisera caused by mutations or deletions of
cps gene.(]3’ " As a result, reports were
ambiguous interpretation. At present, molecular
biology techniques, is a more specific, sensitive
and faster method for identification of S. suis.
Furthermore, multiplex PCR technique has been
developed for the investigation of various
serotypes of S. suis at the same time. An
example was conducted by Lui, ef al.,(ls) who
reported using of multiplex PCR to investigate
S. suis and had identified 33 strains of serotypes,
except serotype 32 and 34. Okura, et al.,(16)
applied multiplex PCR method to identify all
35 serotypes of S. suis. Additionally, Kerdsin

et al."”

used multiplex PCR to separate and
identify 29 serotypes of S. suis by using cps
gene that was specific for each serotype.
However, the previous studies had not been
able to separate S. suis serotype 2 from serotype
1/2. Therefore, this study aimed to develop
colony multiplex PCR assay to diagnose S. suis
serotype 2 that commonly causes serious illness

in human and was able to quickly distinguish

between S. suis serotype 2 and serotype 1/2.



Development of Colony Multiplex PCR for Rapid Identification of Streptococcus suis serotype 2 and 1/2

Materials and Methods
Bacterial strains

S. suis serotype 1, 2 and 1/2 reference
strains used in this study were purchased from
the culture collection of the Department of
Medical Sciences, Ministry of Public Health
of Thailand. Moreover, reference strains of

other bacteria are listed in Table 1.

Oligonucleotide primers design

Three sets of primer (Biobasic,
Canada) were listed in Table 2. The first set
of primer was according to the previous
study.m) These primers were specific for
S. suis serotype 2 and serotype 1/2. The second
set of primer was designed to distinguish

S. suis serotype 2 from serotype 1/2. This set

Table 1 Bacterial strains used in this study
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of primer generates different sizes of PCR
product from S. suis serotype 2 and serotype
1/2. These oligonucleotide primers were
designed by alignments of nucleotides spacer
between cpsS and cpsT genes from S. suis
serotype 2 strain P1/7 (accession number
BRO0O01000) and S. suis serotype 1/2 strain 2651
(accession number AB737816). This primer
set amplifies IS630 transposases encoding
sequences in nucleotides spacer sequences. The
third pair of primers were 16s rRNA universal
primers. This set of primer was used as PCR

condition control.

Genomic DNA Extraction
Genomic DNA from all bacterial

strains were extracted and purified by using

Species Strain Source
Streptococcus suis serotype 1 DMST 26745 a
Streptococcus suis serotype 1/2 DMST 26744 a
Streptococcus suis serotype 2 DMST 18783 a
Streptococcus pyogenes DMST 17020 a
Streptococcus pneumoniae DMST 7945 a
Streptococcus viridans clinical isolate
Staphylococcus aureus DMST 8013 a
Escherichia coli MG 1655 b
Salmonella Typhimurium SL 1344 o]

a: Culture collection of the Department of Medical Sciences, The Ministry of Public Health of Thailand.

b: E. coli Genetic Stock Center, Yale, U.S.A.

c: Salmonella Genetic Stock Centre, Alberta, Canada.
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Table 2 List of primer sets used in this study

Nisarat Poonanan and Rerngwit Boonyom

Primer set Primer Sequence (5°-3’) PCR product Source
name size (bp)
9t F: GATTTGTCGGGAGGGTTACTTG 455 Lun, et al., 2007."
R: TAAATAATATGCCACTGTAGCGTCTC
ond SuF F: CCGCCTAATAACAAGGTATCTATCC
SuR R: GGGCTGTGACATAATGAATCCTCC 988 This study
3 16F F: GTTGGTGAGGTAACGGCTCACCAAGG
16R R: CTCCACCGCTTGTGCGGGCCCCCGTC 697 This study

TIANamp Genomic DNA kit (TianGenTM,
China) according to the manufacturer’s
instructions. Briefly, bacterial cells were lysed
with lysozyme and proteinase K. Genomic DNA
in suspension was precipitated by 95% ethanol
and purified with silica membrane column.
Bacterial genomic DNA was eluted with
molecular biology grade water and stored at
-20°C until used.

Multiplex PCR and colony multiplex PCR
conditions

For multiplex PCR, 50 ng of bacterial
genomic DNA was used as template. For
colony multiplex PCR, DNA template was
obtained directly from a bacterial colony. A
single small bacterial colony approximately
1 mm in diameter was picked to PCR tube as
DNA template. The total PCR reaction mixture
(20 pL) consisted of 3 sets of primers (0.5 M
of each primer), 10 pL of 2X My TaqTM HS
Red Mix (Bioline, USA) and DNA template.

The final volume was adjusted to 20 UL with
distilled water. The amplification parameters
of PCR were 95°C for 5 min, followed by
30 cycles of 95°C for 30 sec, 56°C for 30 sec
and 72°C for 1 min. Then, final extension
was at 72°C for 5 min. The amplification
products were separated by 1.5% agarose
gel electrophoresis and visualized under UV

transilluminator.

Specificity and sensitivity of colony multiplex
PCR assay

For specificity test, six bacterial
strains including Streptococcus pyogenes
(S. pyogenes), S. pneumonia, S. viridans,
Staphylococcus aureus (S. aureus), Escherichia
coli (E. coli) and Salmonella Typhimurium
(S. Typhimurium) were used as DNA templates
for multiplex PCR amplification. In addition,
genomic DNA or colony of S. suis serotype 2
were used as positive control. The sensitivity

of colony multiplex PCR was performed by
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detection of 10°,10°,10%, 10°, 10, 10 and 1
CFU of S§. suis serotype 2 strain. The PCR
conditions were performed as previously
described. Then, PCR amplification products
were analyzed by agarose gel electrophoresis

and checked for predicted size product.

Results
Specific primers distinguish between serotype
2 and 1/2 of S. suis

The similarity level of nucleotide
sequences of nucleotides spacer between cpsS
and cpsT genes (approximately 6,700 bp) from
S. suis serotype 2 strain P1/7 (accession
number BR0O01000) and S. suis serotype 1/2
strain 2651 (accession number AB737816) is
shown in Fig. 1. The alignment results show
that these sequences were highly identical
(91.7%). However, nucleotides at position
1,275 to 2,180 of S. suis serotype 2 differed
from nucleotides location 1,283 to 2,171 of
S. suis serotype 1/2. These variable regions
were selected as a tool to distinguish between
serotype 2 and 1/2 of S. suis. Firstly, the

experiments were designed using polymerase

1 1000 2000 3000
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chain reaction combining with restriction
fragment length polymorphism (PCR-RFLP)
for separating S. suis serotype 2 and 1/2.
Then, primers upstream and downstream of
these variable regions were manually designed,
given name suF and suR primers, respectively
(Fig. 2). It was expected that this pair of
primers would generate PCR products
(approximately 1 kb) from S.suis serotype 2
and 1/2. PCR products from both serotypes
were then digested with Msel restriction
enzyme. Expected DNA fragments from
digestion of Msel restriction enzyme with
PCR products from S. suis serotype 2 were
predicted to generate 7 DNA fragments
(17, 34, 38, 51, 162, 168 and 518 bp). In
contrast, S. suis serotype 1/2 PCR products
gave 6 fragments; 17, 34, 43, 162, 196 and
526 bp (Fig. 2). Surprisingly, approximately
1 kb PCR product was amplified only from
DNA template from S. suis serotype 2 reference
strains, DMST 18783, while DNA template
from S. suis serotype 1/2 reference strain,
DMST 26744, generated PCR products in
under expected size (approximately 90 bp)

Similarity

4000 5000 6000

Fig. 1 The similarity level of nucleotides spacer between cpsS and cpsT genes from S. suis serotype

2 strain P1/7 (accession number BRO01000) and S. suis serotype 1/2 strain 2651 (accession

number AB737816). The X-axis indicates the length of sequences, and the y-axis indicates the

level of similarity at each position in the alignment.
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Fig. 2 The difference of variable regions of nucleotides spacer between cpsS and cpsT genes from

S. suis serotype 2 strain P1/7 (accession number BRO0O1000) and S. suis serotype 1/2 strain
2651 (accession number AB737816). A and B indicate nucleotide sequences from S. suis
serotype 2 and 1/2, respectively. Black shaded letters indicate identical nucleotides. Gray

shaded letters indicate different nucleotides. Gaps between sequences are indicated as dash

symbol. Black arrows indicate cleavage sites for Msel restriction enzyme on nucleotide

sequences from S. suis serotype 2. Gray arrows indicate cleavage sites for Msel restriction

enzyme on nucleotide sequences from S. suis serotype 1/2. Nucleotide sequences designed

as primers are underlined

(Fig. 3A). PCR products from S.suis serotype
2 and 1/2 were purified, sequenced and
determied similarity using BLAST (https://
blast.ncbi.nlm.nih.gov/Blast.cgi) program.
DNA sequencing result of PCR product from
S. suis serotype 2 showed 99.4% identity with
DNA sequences from S. suis serotype 2 strain
P1/7 (Fig. 3B). Additionally, DNA sequencing
result from PCR product of S. suis serotype
1/2 showed 100% identity with DNA sequences
from chromosome 1 of S. suis serotype 1 strain
NTCTC10237 (Fig. 3C). After that, genomic
DNA from S. suis serotype 1 reference strain,
DMST 26745, was extracted and used as
template for PCR amplification with suF and
suR primers. The PCR product showed the

same molecular weight as the PCR product

from S. suis serotype 1 (approximately 90 bp)
(Fig. 4A), and the nucleotide sequences of the
PCR product from S.suis serotype 1 showed
100% identity with DNA sequence from S. suis
serotype 1/2 PCR product (Fig. 4B). From these
results, it was concluded that the nucleotide
sequences amplified from S. suis serotype 1/2
and 1 were identical. In addition, this set of
primer was able to distinguish between S. suis

serotype 2 and 1/2 .

Identification of S.suis serotype 1, 1/2 and 2
by multiplex PCR and colony multiplex PCR
assay

Before using multiplex PCR for
serotype identification, all three pairs of

primers were individually performed for
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- 20 . 0 . < . o . 100 . 120 . 140 . 160 .
A 2
B 2

988 bp

90bp

s20 - si0 . sco . 550 . 500 - 620 - 610 - cco - 650
A 6o
B Y
. 700 . 220 . 740 . 760 . 700 . 500 . 020 . 040 - sco

X Download v  GenBank Graphics

Streptococcus suis strain NCTC10237 g bly, chromc 1
Sequence ID: LR594043.1 Length: 2070644 Number of Matches: 1

Range 1: 1252490 to 1252579 GenBank Graphics

Score Expect Identities Gaps Strand

167 bits(90) 7e-38 90/90(100%) 0/90(0%) Plus/Minus

Query 1 GCCTAATAACAAGGTATCTATCCAATCACACATTCCTCCATTATACTGTTATAAMAA 60
I[IIIllIIIIII\IIIlII]IIIIIIIHII!III\IIIIIIIIIIIIIIIIIIIIIII

Sbjct 1252579 CCGCCTAATAACAAGGTATCTATCCAATCACACATTCCTCCATTATACTGTTATAAAAAA 1252520

e it

Sbjct 1252519 CAAACTGGAGGATTCATTATGTCACAGCCC 1252490

Fig. 3 (A) EtBr stained agarose gel of PCR product amplified from S. suis serotype 1/2 and 2. Lane

M: 100 bp DNA marker, lane 1: negative control, lane 2: S. suis serotype 1/2 PCR product,
lane 3: S. suis serotype 2 PCR product. (B) . Nucleotide sequences alignment results of PCR
product amplified from S. suis serotype 2 and DNA sequences from S. suis serotype 2 strain
P1/7. A and B indicate nucleotide sequences from PCR product of S. suis serotype 2 and DNA
sequences from S. suis serotype 2 strain P1/7, respectively. Black shaded letters indicate
identical nucleotides. Gray shaded letters indicate different nucleotides. (C) DNA sequencing
result from PCR product from S. suis serotype 1/2 compared using Nucleotide BLAST to DNA
sequences from S. suis serotype 1 strain NTCTC10237. Query sequence file: PCR product from
S. suis serotype 1/2 sequencing, Subject file: DNA sequences from S. suis serotype 1 strain

NTCTC10237. 100% matches across 90 base pairs

monoplex PCR assay. Genomic DNA of
S.suis serotype 1, 1/2 or 2 were used as DNA
template to verify ability of each set of primer.
The results showed that monoplex PCR with
each set of primer produced expected amplifi-
cation products (Fig. 5SA) . Both S.suis serotype
1/2 and 2 gave a 455 bp DNA fragment from

the first set of primer. For second set of

primer, S. suis serotype 2 generated a 988 bp
PCR product, while S.suis serotype 1 and 1/2
produced 90 bp DNA fragments. For the third
pair of primers (universal primers), all serotypes
of S.suis generated 697 bp PCR products.
For multiplex PCR, amplification
of all the three serotypes of S. suis were

successfully observed in expected bands.
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bp
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Fig. 4 (A) EtBr stained agarose gel of PCR product amplified from S. suis serotype 1/2 and 1. Lane
M: 100 bp DNA marker, lane 1: negative control, lane 2: S. suis serotype 1/2 PCR product,
lane 3: S. suis serotype 1 PCR product. (B) Nucleotide sequences alignment results of PCR
product amplified from S. suis serotype 1/2 and 1. A and B indicate nucleotide sequences from

S. suis serotype 1/2 and 1, respectively. Black shaded letters indicate identical nucleotides.

2% primer set 3 primer set

6 7 8 10 11 12

1 primer set

bp

988 bp
697 bp
455bp

100 90 bp

Fig. 5 (A) EtBr stained agarose gel of monoplex PCR product from S. suis serotype 1, 1/2 and 2. Lane
M: 100 bp DNA maker, lane 1 to 4 PCR amplification with 1 primer set, lane 5 to 8 PCR
amplification with 2o primer set and lane 9 to 12 PCR amplification with 3¢ primer set. Lane
1, 5 and 9: negative control, lane 2, 6 and 10: S.suis serotype 1 PCR product, lane 3, 7 and
11: S. suis serotype 1/2 PCR product, lane 4, 8 and 12: S. suis serotype 2 PCR product. EtBr
stained agarose gel of multiplex PCR product using genomic DNA (B) or bacterial colony (C) as
template. Lane M: 100 bp DNA marker, lane 1: negative control, lane 2: S. suis serotype 1 PCR
product, lane 3: S. suis serotype 1/2 PCR product, lane 4: S. suis serotype 2 PCR product
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Amplified fragments of 90 and 697 bp for S. suis
serotype 1, 90, 455 and 697 bp from S. suis
serotype 1/2 and 455, 697 and 988 bp from
S. suis serotype 2 were obtained by agarose gel
electrophoresis (Fig. 5B). For simple and fast
genomic DNA was replaced by colony of
bacteria for template in PCR amplification. The
colony multiplex PCR results were concordant
to multiplex PCR using genomic DNA as
template (Fig. 5C). This showed that the
colony multiplex PCR assay was able to identify

and differentiate S. suis serotype 2 and 1/2.

bp

1000

106 108

bp

1000

500

10*
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Specificity and sensitivity of colony multiplex
PCR assay

For specificity, S. pyrogenes, S.
pneumoniae, S. viridans, S. aureus, E. coli
and S. Typhimurium were used to evaluate
specificity of the colony multiplex PCR. The
result represented that only S.suis serotype
2 generated all three bands of PCR products
(455, 697 and 988 bp). In contrast, other
bacteria produced specifically amplicons at
697 bp from universal primers (Fig. 6A). It was
concluded that the colony multiplex PCR was

specific for S.suis serotype 2.

108 102 10 1

CFU/reaction

Fig. 6 (A) The specificity of the colony multiplex PCR assay. Lane M: 100 bp DNA marker, lane 1:

negative control, lane 2: S. suis serotype 2 PCR product, lane 3: S. pyrogenes PCR product,

lane 4: S. pneumoniae PCR product, lane 5: S. viridans PCR product, lane 6: S. aureus PCR

product, lane 7: E. coli PCR product, lane 8: S. Typhimurium PCR product. (B) The detection

limit of the colony multiplex PCR assay in different bacterial concentrations. Lane M: 100 bp

DNA marker, lane N: negative control
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For sensitivity, detection limit of test
was performed by dilution of S. suis serotype
2 from 10°to 1 CFU. Then, bacterial cells from
each dilution was used as template for colony
multiplex PCR. The result showed that
sensitivity of the colony multiplex PCR was
10 CFU/reaction (Fig. 6B).

Discussion

Serotypes identification of S.suis are
usually done by antiserum coagglutination
test. There are cross-reaction using typing
sera between serotypes 1/2 and 1, and serotypes
1/2 and 2. Some study reported that there
were unencapsulated strains causing exhibited
agglutination with antiserotype serum."? ¥
For this reason, multiplex PCR techniques have
been developed for differentiation of S. suis
serotypes. Previously, Kerdsin, et al’ aligned
all ¢ps loci of S. suis 15 serotypes (serotype
1,3,4,5,7,8,9, 10, 14, 19, 23, 25 and 1/2)
and compared with each other to obtain the
specific sequence to be used as templates for
designing of primer. They presented that the
cps loci of S. suis serotype 2 and 1/2 share
high genetic similarity. After that, Liu, et al™
sequenced genomes of S. suis 33 serotypes
using whole genome sequencing. The sequencing
results indicated that no serotype-specific
genes were found to distinguish between
S. suis serotype 2 and 1/2. In the present
study, it was illustrated that nucleotides on

nucleotides spacer between cpsS and cpsT

genes of S. suis serotype 2 differed from

Nisarat Poonanan and Rerngwit Boonyom

nucleotide sequences of S. suis serotype 1/2
approximately 900 bp. The DNA sequences of
this region belonged to IS630 transposases
encoding sequences. The results were concor-
dant with the previous study which concluded
that the critical difference between the serotype
2 and 1/2 loci is a 906 bp fragment containing
IS transposases.(zo) In addition, it was found
that this nucleotide region from S. suis serotype
1/2 shared identical characteristics with DNA
sequence of S. suis serotype 1. For this reason,
this location was used to design the pair of
specific primers for separation between S. suis
serotype 2 and 1/2. The results showed that
the multiplex PCR assay was successful for
identification and differentiation of S. suis
serotype 2 and 1/2.

Recently, in silico serotype determination
from whole genome sequencing (WGS) was
able to differentiate these serotypes.m) A
novel high resolution melting (HRM)
assay was developed for distinguishing
single-nucleotide polymorphism within cpsK
gene between S. suis serotype 2 and 1/2 as well
as 1 and 14.%? Moreover, a PCR-RFLP
detection method amplifying a fragment of
cpsK gene digested with BstNI restriction
endonuclease was developed to distinguish
between serotype 2 and 1/2 and between
serotype 1 and 149, Additionally, Lacouture
et al. developed a mismatch amplification
mutation assay (MAMA)-PCR of cpsK
gene to differentiate serotype 2 from 1/2 and

serotype 1 from 14.%9 However, routine diagnostic
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laboratories required reliable inexpensive
and feasible high-throughput approach to
correctly identify S.suis serotypes. Therefore,
the multiplex PCR is useful for routine
laboratories to identify S. suis by PCR-based
method without inexpensive instruments or
using antiserum.

Although results showed that S. suis
primers for the PCR method did not amplify
any PCR product from other species of
Gram-positive and Gram-negative bacteria,
only 3 S. suis serotype reference strains, 1, 2
and 1/2, were used to verify the PCR method.
This study is the first step for method development
showing the possibility of the multiplex PCR
assay to distinguish between serotype 2 and 1/2.
However, before establishment of the method,
it should be further validate with all 29 serotypes
of §. suis and S. suis closely related specie
such as S. gallolyticus and S. parasuis.
Moreover, a greater number of S. suis serotype
2 and 1/2 strains should be evaluated further
with this multiplex PCR assay.

In this study, bacterial colony used as
template in PCR amplification had several
advantages such as simplicity and time saving.
The technique did not require multi-step DNA
extraction procedures. Additionally, this study
showed that the detection limit of the colony
multiplex PCR for identification of S.suis was
10> CFU while Liu, et al 4% presented that the
detection limit of their multiplex PCR assay

using DNA template to identify 33 serotype of

7355

S. suis was in the range of 10* CFU to 10°
CFU. For identification of S. suis serotype 2,
the detection limit was shown to be 10* CFU.
Moreover, Kerdsin, et al"” presented that
the limit of detection in their new multiplex
PCR assay using DNA template for serotyping
of 29 S. suis serotypes was 10° to 10° CFU
and the sensitivity of S. suis serotype 2 was
10° CFU. This clearly indicated that using
bacterial colony for PCR template in the
colony PCR assay had higher limit of detection

for bacterial detection.

Conclusions

The newly developed multiplex PCR
assay using bacterial colony as PCR template
is a rapid, simple, cost-effective and reliable
alternative to conventional methods for
distinguishing S.suis serotype 2 and 1/2.
Nevertheless, the colony multiplex PCR assay
should be further evaluated with more S.suis

serotypes and related bacterial species.
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Abstract

Binary toxin produced by Lysinibacillus sphaericus (Ls) is highly active against mosquito
larvae of important insect vector. The binary toxin shows a homology structure to pore forming-
aerolysin family, a toxicity of which has been discovered against several cancer cell lines. To date,
a cytotoxic data of Bin toxin is unavailable for mammalian cells including cancer cells. Herein,
the binary toxin was tested for its biological activity on several cell types. Two components of the
binary toxin, BinA and BinB were produced separately in Escherichia coli host cell. The biological
tests of BinA and BinB mixture revealed high toxicity to Culex quinquefasciatus larvae, while no
activity was detected for a human-hemolysis. Interestingly, the binary toxin showed cytotoxicity
towards cancer cells, melanoma SK-MEL-28 cell (ATCC HTB-72) and papilloma carcinoma KB
cell (ATCC CCL-17), but it was inactive against the normal human cell, fibroblast Hs68 cell. These
findings promise a possibility of bacterial toxin being a candidate for anti-cancer substance. In the

future, the anticancer activity of the binary toxin will be investigated in several other cancer cells.
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Introduction

Presently, it is possible to say that more
people around the world would have died from
infectious diseases transmitted by mosquitoes
such as malaria, dengue hemorrhagic fever,
Japanese encephalitis and lymphatic filariasis.
Mosquitoes of genus Anopheles, Aedes and
Culex serve as primary vectors for transmission
of these diseases. Among the three mosquitoes
genera, Culex is the most genetically various due
to its expanded geographical distribution".
Lysinibacillus sphaericus (Ls)is a Gram-positive
spore-forming bacterium which can produce
larvicidal crystal proteins. A binary toxin or Bin
toxin is one of the active proteins among those
toxins. According to its name, two homologous
proteins designated as BinA and BinB are required
together to exert a larvicidal activity. Bin toxin
is highly pathogenic to Culex and Anopheles
mosquito larvae, important primary vectors for
disease transmissions. Biological insecticides,
including the binary toxin have been chosen to
control these mosquito populations and disease
transmission because of their high specificity,
environmental safe and no adverse effects on
human®.

Previous studies demonstrated that BinB
showed specific binding to glycoprotein
receptors, a glycosylphosphatidylinositol (GPI)
anchored O-glucosidase on larval epithelial
cells®?. Upon the receptor binding of BinB, the
complex of binary toxin is internalized into the
target cells, eventually causing larval death.

In turn, BinA has been proposed to be a toxic
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component. The cytopathological changes of
Bin-treated Culex larvae were observed in the
cytoplasmic organelles, disruption of nucleus,
mitochondrial swelling and endoplasmic
reticulum breakdown. Bin toxin was shown to
induce mitochondria-mediated apoptosis in
Culexlarvae, leading to larval death® . Likewise,
a similar mechanism was previously reported for
the intoxication process of Bacillus thuringiensis
(Bt) 0-endotoxin in Culex pipiens larval cells®.

The molecules of the binary toxin reveal
their high homology structure. Moreover, the
conformational structure of the binary toxin
belongs to aerolysin B-type pore forming toxins
(PFTs)(7’ ® PFTs mediate actions through cell
surface receptors leading to cell death. Recent
studies provided the evidences that Bf-PFT
parasporin could induce cytotoxicity and
apoptosis in human cancer cells” ' Conse-
quently, the binary toxin has been proposed
to share the action with this protein family.
Currently, no data has been available for the
cytotoxicity of binary toxin on a variety of cells.
Therefore, information about its cytotoxicity on
other target cells (such as human cancer cells and
bacterial cells) will be useful for medical
applications.

The present study revealed that binary
toxin can kill human cancer cells; melanoma
SK-MEL-28 and papilloma carcinoma KB. On
the contrary, the absence of cytotoxicity against
normal human fibroblast Hs68 and non-hemo-
lytic activity of the binary toxin would be

essential for the development of a potential
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candidate for cancer therapy in the future.

Materials and methods
Binary toxin expression and purification

The binary toxin was expressed as
recombinant BinA and BinB proteins separately.
E. coli BL21(DE3) pLysS cells harboring
pRSETC-BinA or pET28b-BinB were grown in
Luria—Bertani (LB) medium containing 100 g/
mL ampicillin and 34 pg/mL chloramphenicol
for BinA and 50 pg/mL kanamycin and 34 pug/
mL chloramphenicol for BinB. The culture cells
were induced with 0.2 mM isopropyl B-D thio-
galactopyranoside (IPTG) and continued growing
at 18°C for 5 hrs. Both proteins were purified
using histidine affinity chromatography. The
supernatant fraction was loaded into a HiTrap™
Chelating HP 5-mL column prepacked with a
precharged Nitt (GE Healthcare Life Sciences).
The bound (His)6—tagged BinA and BinB were
eluted with wash buffer containing 100-250 mM
imidazole. Then, imidazole was removed by
desalting column (GE Healthcare Life Sciences).
The proteins were analyzed by 12% sodium
dodecyl sulfate—polyacrylamide (SDS) gel. The
concentration of protein was determined by

spectrophotometry at 280 nm absorbance.

Mosquito-larvicidal activity assay

Larvicidal activity assay of the binary
toxin was performed against the second-instar
C. quinquefasciatus larvae obtained from
Department of Medical Sciences, Ministry of

Public Health. Purified BinA and BinB were
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mixed at 1:1 M ratio, followed by two-fold
serially diluted with distilled water in different
concentrations. Then, 1 mL of each protein
dilution was added to each well of a 24-well
tissue culture plate containing 10 larvae/well in
1 mL water. The BinB protein was used as a
negative control. Mortality was recorded after
incubation at room temperature for 48 hrs.
Median lethal concentration (LC50) was
calculated from three independent experiments

using Probit analysis(] b,

Cell Lines and culture conditions

Human cancer cells, melanoma SK-
MEL-28 (ATCC HTB-72) and papilloma carci-
noma KB (ATCC CCL-17) as well as normal
human fibroblast Hs68 (ATCC CRL-1635) were
purchased from American Type Culture Collec-
tion (ATCC, Rockville, MD, USA). All cell types
were grown in an incubator at 37°C with 5%
CO2 in Dulbecco’s modified Eagle’s medium
with a high glucose concentration (DMEM—HG;
Gibco, Grand Island, NY, United States) containing
100 pg/mL penicillin, 100 pLg/mL streptomycin
(Gibco) and 10% fetal bovine serum (HyClone,
Cramlington, UK). Medium was changed every

3 days, when they reached 80% confluence.

Cell viability assay

Viable cell was assessed using MTT
(3-(4, 5-dimethylthiazol-2-yl)-2, 5 diphenyl
tetrazolium bromide) assay (Sigma). In brief,
cells were washed 3 times with PBS and detached

with 0.25% trypsin-EDTA. Viable cell density
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was counted by tryphan blue exclusion and
diluted with DMEM—HG to make concentration
of 5x10" cells/mL. The cells were plated 24 hrs
prior to testing in 96-well plates at a density
of 5,000 cells/well in 100 pL of the medium.
Each protein toxin was dissolved in medium to
produce 8 concentrations of 1000, 500, 250, 125,
62.5, 31, 15 and 7 pg/mL, respectively. After
24 hrs the cells were treated with the bacterial
toxin by adding 100 pL/well of each concentra-
tion in 3 replicates, then cells were further
incubated for 24 hrs before determining the cell
viability by MTT assay. Human fibroblast, KB
and melanoma cell lines were washed three times
in PBS and then incubated with 50 pL of MTT
solution (5 mg/mL MTT in PBS). After 45 min,
the unreacted solution was aspirated, and the
insoluble intracellular formazan product was
solubilized and released from cells by adding
100 pL of iso-propanol and incubated for 10
min. The absorbance at 570 nm was then
measured using a plate reader spectrophotometer
(VersaMax). Blank growth medium and protein

buffer were used as negative controls.

Hemolytic activity assay

Hemolytic activity assay was performed
using human red blood cells (RBCs). RBCs were
washed several times in PBS by centrifugation
for 3 min at 3,000 g until the supernatant was
clear. Then, RBC were diluted to 3-5% cells and
mixed with purified BinA and BinB protein at

the concentration of 1 mg/mL. The reactions were
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incubated at 37°C for 30 min. The reaction was
stopped by centrifugation and the supernatant
was removed. Hemoglobin were measured using
spectrophotometry at 541 nm. The 10% Triton
X-100 was used as a positive control and PBS
was used as a negative control (blank).
The relative absorbance compared to that of the
suspension treated with 10% Triton X-100 was

calculated as the percentage of hemolysis.

Results
Binary toxin expression and purification

The recombinant BinA and BinB
proteins (pRSET C-BinA and pET28b-BinB,
respectively) were expressed in E. coli BL21
(DE3) pLysS. Both histidine tagged BinA and
BinB proteins were produced as soluble proteins
under IPTG (0.2 mM) induction after incubation
at 18°C for 5 hrs. The proteins were purified by
histidine affinity chromatography. Non-specifically
bound proteins were washed twice with wash
buffer containing 25 mM imidazole and 50 mM
imidazole, respectively. The bound (His) 6—tagged
BinA and BinB were eluted with elution buffer
containing 100 mM and 250 mM imidazole,
respectively. The imidazole was removed by
desalting column. The (His) 6—tagged BinA and
(His) 6—tagged BinB proteins appeared as major
bands of 42 and 51 kDa, respectively. The
purified proteins are shown in Fig. 1. The high
purity of the binary toxin was achieved with an
approximate 95% purity indicating the efficient

protein purification.
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Mosquito larvicidal activity of binary toxin
The mosquito larvicidal activity of the
binary toxin was tested against the 2" instar
Culex quinquefasciatus larvae. The mortality
was recorded after feeding toxins for 48 hrs. The
median lethal concentration or LC50 was

calculated by using the probit analysis. The BinB
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protein was used as a negative control. High
toxicity was achieved when BinA and BinB were
combined at 1:1 molar ratio (Table 1). Neither
BinA nor BinB alone was significantly toxic
to mosquito larvae although high protein

concentration up to 1 ng/mL was applied.

Table 1 Mosquito-larvicidal activity of the purified BinA and BinB against Culex quinquefasciatus larvae.

The mortality was recorded after feeding the toxin for 48 hours

Sample LCso*
BinA >1000 ng/mL
BinB >1000 ng/mL
BinA + BinB 17 ng/mL

* The LC50 (median lethal concentration) was calculated from three independent experiments by using Probit analysis

at 95% confidence.

Anti-cancer activity of binary toxin

The cytotoxicity of the binary toxin was
also tested on other target cells including human
cancer cells and normal human cells. Upon
binary toxin treatment, BinA and BinB proteins
were evaluated for anti-cancer activity. The
effects of binary toxin on several types of cancer
cells including human papilloma KB cells and
melanoma SK-MEL-28 cells showed the apparent
induction of cell swelling and bursting of target
cells (Fig. 2A). Whereas normal human fibroblast
cells treated with the binary toxin showed intact
cells as spindle-shaped. The killing efficacy of
Bin toxin against these human cancer cells and

normal human fibroblast cells was also studied

Fig. 1 12% SDS PAGE analysis of purified
binary toxin proteins

Purified BinA protein (42 kDa)

Purified BinB protein (51 kDa)

Lane 1

Lane 2
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using MTT assay. The binary toxin was found
to have consistent cytotoxic activity against both
human cancer cells at a dose of 1 mg/mL (Fig.
2B). There were the dramatically significant
decreases in cell viability compared to untreated
cells. Binary toxin (BinA+BinB) exhibited
higher cytotoxicity to human melanoma than to

human papilloma cancer cells whereas BinB

Papilloma
carcinoma KB

Melanoma
SK-MEL-28

Normal human
fibroblast Hs68

BinA + BinB
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protein exhibited higher cytotoxicity towards
human papilloma than to human melanoma while
BinA protein showed comparable toxicity towards
both human papilloma and melanoma cancer cells
(Fig. 2B). However the binary toxin, BinA alone
and BinB alone showed no cytotoxic activity
towards normal human fibroblast cells that remain

similar to untreated cells.

BinA only

BinB only
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772 Melanoma cells
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Fig. 2 Cytocidal activity of binary toxin on human papilloma KB cells, melanoma SK-MEL-28 cancer
cells and normal human fibroblast Hs96. Untreated cells were used as negative control. A total
of 5x10” cells/mL was pre-incubated at 37 °C for 24 h and then treated with BinA+BinB, BinA
or BinB (final concentration, 1 mg/mL) for 24 h at 37 °C. (A) Morphological alterations of cells
induced by binary toxin (BinA+BinB), BinA or BinB. (B) % Cell viability of Bin against cultured

cancer cell lines and normal cells was determined using the MTT assay. Means + SEM are

shown. Each error bar represents the standard error of the mean (SEM) from triplicate experi-
ments by One-Way ANOVA. Statistically significant differences between untreated control and

toxin treatment group are indicated by asterisks (* p value < 0.05 and ** p value < 0.001).

Hemolytic activity of binary toxin

Hemolytic activity assay was performed
by using human red blood cells (RBCs). The
three samples of binary toxin, BinA, BinB and
BinA+BinB mixture were incubated with RBCs
at 37°C for 30 minutes. The hemolytic activity
was assessed by measuring hemoglobin released

in the supernatant. In comparison, BinA and BinB

alone did not show the hemolytic activity when
compared to TritonX-100. The increasing of
hemolysis was observed for the mixture of
BinA+BinB toxin, but it is insignificant
comparing to TritonX-100 (Table 2). The result
suggested that Bin toxin did not have the ability

to lyse human red blood cells.
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Table 2 Hemolytic activity of 1 mg/mL Bin toxin. Human red blood cells (RBCs) were incubated at 37°C

for 30 minutes. Values are mean+SEM of three independent experiments

Sample % Hemolysis
BinA 1+£0.64
BinB 1+£0.30
BinA + BinB 2 +0.19
10% TritonX 100 100 = 0.01
PBS 0 + 0.01

Discussion and Conclusion

Despite mosquito larvicidal actions of
L. sphaericus binary toxin inside the Culex
midgut cells as the primary target have been
widely reported, there are no evidences of the
effects of binary toxin on other non-target cells
including cancer cells and red blood cells. In this
study, the biological activity, cytotoxicity on
cancer cells and hemolytic capacity of binary
toxin have been determined. Naturally, binary
toxin is produced as a crystal toxin inside
L. sphaericus during sporulation phase. Here,
binary toxin was produced as soluble recombinant
proteins by E. coli BL21(DE3) pLysS. The
larvicidal activity on target cells of these soluble
recombinant binary toxin is shown by high
toxicity to C. quinquefasciatus larvae with LC50
about 17 ng/mL that is in the range of a previous
report(u). Thus, the binary toxin have been used
as one of the biological insecticides. The reason
for using biological insecticides instead of
chemical insecticides is not only to avoid the

negative effects of chemical insecticides but also

that biological insecticides have no adverse
effects on human. In addition to the toxicity to
target insects, the cytotoxic action of binary
toxin on cancer cells and hemolytic activity on
red blood cells were simultaneously investigated.
Interestingly, upon binary toxin treatment in
human papilloma and melanoma cancer cells,
both binary toxin subunits, BinA alone and BinB
alone induced alterations in cell morphology,
with either cell swelling or bursting, and
subsequent cell lysis. Moreover, the binary
toxin can kill human cancer cells; melanoma
SK-MEL-28 and papilloma carcinoma KB as a
result of the marked reduction of cell viability
via the measurement of MTT assay. An advantage
of the binary toxin is that no cytotoxic effects
appeared on the normal human cells. Previous
study has provided evidence that the binary
toxin causes the decrease in mitochondrial
energy production and metabolism as shown by
down-regulated NADH dehydrogenases and
protein transporters(13). The binary toxin also

induces apoptosis through intrinsic pathway in
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Culex larval cells, leading to larval death®.

Notably, the cytotoxic effects of Aeromonas
hydrophila aerolysin type [-pore forming
toxins which is similar to BinB structure can
induce apoptosis by perturbing host membrane
permeability and allowing the leakage of
cellular components via pore formation”” '* 1.
In addition, the concentration of binary toxin
(1 mg/mL) for anti-cancer activity is higher than
that of larvicidal activity (LC50 = 17 ng/mL).
Thus, it is likely that binary toxin could exert its
activity via pore forming action on cancer cells,
probably causing the disruption of membrane
integrity and increasing permeability. Together
with the role of apoptosis in the inhibitory effects
in cancer cells, it is possible that the pore forming
action of binary toxin could kill human papilloma
and melanoma cancer cells through the pathway
of apoptosis. In addition, the hemolytic activity
test was carried out concerning its cytotoxicity.
The result revealed that binary toxin could not
lyse the human red blood cell. This would
promise the safety of binary toxin as a cancer-
treatment drug. It has been reported that bacte-
rial toxin can selectively recognize lipid
on susceptible cell membrane'®. The direct
interaction with membrane lipids is also possible
to take place for binary toxin"”. Accordingly,
the susceptibility of cancer cells might be
supported by different composition of membrane
lipids on the cell surface. Transmembrane of
cancer cells facilitate the lipid membrane flipping
from inside to outside. However, the specific

protein receptor of cancer cells cannot be
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excluded from the activity of binary toxin. The
findings promise a possibility of bacterial toxin
as a candidate for anti-cancer substances that
focuses on damaging cancer cell membranes
instead of binding to specific receptor. Alterna-
tively, the proposed pore forming action of
binary toxin could facilitate the entry of other
chemotherapeutic drugs into cancer cells.

In summary, this report is the first to
identify a binary toxin from L. sphaericus
exhibiting cytotoxic activities against human
cancer cells. However, the anticancer activity and
specificity of the binary toxin still necessitates
further investigation for more cancer cells. For
the future work, lipid membrane interaction of
binary toxin will be performed for model lipid
bilayer specific to cancer cells and normal cells.
In addition, the mechanism of action also needs

to be clarified.
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Abstract

Nitric oxide (NO) is a signaling molecule with an important role in vascular homeostasis.
Decreased production of NO is observed in individuals with endothelial dysfunction, which is
an important step in the pathogenesis of atherosclerosis and cardiovascular disease (CVD).
Dyslipidemia is considered as a risk factor of atherosclerosis and CVD. Therefore, the objective
of this study was to determine NO metabolite levels in serum of dyslipidemia subjects by
a simple chemical reaction, Griess method, in order to evaluate endothelial dysfunction. Two
hundred subjects, 35-60 years old non-smokers with no history of diabetes and hypertension,
were recruited and divided into two groups; dyslipidemia (total cholesterol > 200 mg/dL,
triglyceride > 150 mg/dL and LDL cholesterol > 130 mg/dL) and normolipemia. General data,
age, sex and body mass index (BMI), were collected. Serum NO metabolite levels were slightly
lower in dyslipidemia subjects (43.99 * 9.34 puM)) than in the normolipemia (46.03 * 15.19
UM). However, they were not significantly different. In addition, serum levels of NO were not
correlated with age, sex and BMIL. In conclusion, NO metabolite levels did not change in
dyslipidemia subjects, compared to normolipemia; therefore, it may not be appropriate for

evaluating endothelial dysfunction.
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Introduction

Nitric oxide (NO) is a signaling
molecule in the vasculature, mainly produced
from vascular endothelial cells.""? NO plays
an important role in vascular homeostasis.”
Its functions include vasodilation and platelet
inhibition. Because of its short half-life (6-30
seconds), there is no storage of NO and its
levels depend on levels of synthesis, catalyzed
by nitric oxide synthase (NOS). There are 3
NOS isoforms; 1) NOS-1 (neuronal NOS,
nNOS), expressed in nervous tissue and
function in neurotransmission, 2) NOS-2
(inducible NOS, iNOS), expressed in immune
and endothelial cells and activated by compounds,
including cytokines and lipopolysaccharides
(LPS) to mediate inflammation and 3) NOS-3
(endothelial NOS, eNOS), expressed in
endothelial cells to maintain vascular
integrity.(4)

Cardiovascular disease (CVD) is a
major cause of death among non-communicable
disease in Thailand. Dyslipidemia is a
primary risk factor of CVD and associated
with atherosclerosis and other risk factors
of CVD, including insulin resistance and

5.6
9 Moreover, prevalence of

hypertension.
dyslipidemia has been increasing in Thailand.”
Pathogenesis of atherosclerosis and CVD
involves endothelial dysfunction, which is an

6,8.9
( ) Decreased

early marker of atherosclerosis.
NO levels have been shown as a marker of
endothelial dysfunction, and its chemical

analysis can be done by a simple Griess

Apinya Mechuer, et al.

method."*"? Since it is less expensive than
immunological assay used for other markers,
analysis of NO is a good candidate marker to
reveal endothelial dysfunction. The present
study aimed to determine NO metabolites
(NOX) in dyslipidemia individuals in order to

evaluate endothelial dysfunction.

Materials and methods
Sample collection

This research project was approved by
the Ethical Review Sub-Committee Board
for Human Research Involving Sciences, Tham-
masat University, No. 3 (projectno. 131/2561).
Two hundred subjects, who came for annual
health check-up at the Public Health Service
Center 27, Health Department, Bangkok,
Thailand, were recruited into the study. They
were 35-60 years old, non-smoker with no
history of hypertension, diabetes or any other
serious illness at the time of recruitment.
The subjects were classified into two groups:
dyslipidemia (n = 100) and normolipemia
(n = 100). Dyslipidemia was determined by
blood lipid results (total cholesterol >200
mg/dL, triglyceride >150 mg/dL and LDL
cholesterol >130 mg/dL).

Biochemical analysis

Blood collection was done after 12
hours of fasting and serum was prepared. Blood
lipid profile (total cholesterol, triglyceride and
HDL-cholesterol, (HDL-C) was analysed by
using FUJIFILM FDC NX500 dry chemistry
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automate (FUJIFILM Europe GmbH Medical
Systems Division, Germany). LDL-cholesterol
(LDL-C) was calculated using the Friedewald
equation. After lipid analysis, serum samples
were kept at -70°C until the analysis of nitric

oxide.

Analysis of nitric oxide

Nitric oxide was analyzed as its
metabolites (nitrate and nitrite, NOX) by using
Griess assay.(]o’ 'Y The principle is based on
the reaction of nitrite and sulfanilamide,
forming diazonium salt, which is then reacted
with N-(1-Naphthyl) ethylenediamine dihydro-
chloride. As a result, an azo compound is
formed and monitored by spectrophotometric
measurement at 540 nm. First, serum was
deproteinated by using acetonitrile. After the
centrifugation at 10,000xg for 15 minutes, the
deproteinated supernatant was then used for
the analysis. Griess reagents consisted of 50
UL sulfanilamide (1%), 50 pL N- (1-Naphthyl)
ethylenediamine dihydrochloride (0.2%) and
100 pL vanadium chloride (III) (0.5%). Nitrate
standard (0-100 M) or supernatants (100 uL)
were mixed with Griess reagents and incu-
bated at 60°C for 15 minutes. Then the
absorbance at 540 nm were measured. The NOX
levels were calculated against linear standard
curve. Precision and accuracy of the method
were determined (CV = 3.95% and recovery =

101.87%).
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Statistical analysis

Descriptive statistics is used for
demographic variables (sex, age and BMI) and
biochemical laboratory results (lipid profile and
NOX). The laboratory results were shown
as mean * SD. The difference of general
characteristics between two groups was tested
by using the Chi-square test. Student’s #-test
was used for comparison of means between
two groups and correlations were tested by
using Pearson’s correlation.The p-value less
than 0.05 was considered as statistically
significance. The SPSS software version 12
(SPSS Inc., Chicago, IL, USA) was used for

all statistical analysis.

Results

Subjects were classified into two
groups, dyslipidemia and normolipemia.
Dyslipidemia subjects had total cholesterol
> 200 mg/dL, triglyceride >150 mg/dL and
LDL-C >130 mg/dL, while normolipemia had
total cholesterol <200 mg/dL, triglyceride <150
mg/dL. and LDL-C < 130 mg/dL. General
data of the subjects are shown in Table 1.
The average ages of dyslipidemia and
normolipemia subjects were 51.33 + 6.70 and
50.94 * 6.70 years, respectively. The female
to male ratio were 55:45 and 66:34 in
dyslipidemia and normolipemia, respectively.
There were no statistically significant differences

in age, sex and BMI between dyslipidemia and
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Table 1 Age, sex and BMI of dyslipidemia and normolipemia subjects

Normolipemia Dyslipidemia
Variable (unit)
n =100 n =100
Age (year) 51.33 + 6.70 50.94 + 6.70
Female to male ratio 66.0:34.0 55.0:45.0
BMI (kg/mz) 22.22 £ 2.08 21.74 £ 2.23
NO (uM) 46.03 = 15.19 43.99 + 9.34

Data are presented as mean + SD.

normolipemia groups. All the subjects had
normotensive blood pressure and normal
fasting blood glucose. Blood lipid profiles
are shown in Fig. 1. Dyslipidemia had

significantly higher levels of total cholesterol,

300

&
<}

8

150

8

Serum concentration (mg/dL)

%2
o

triglyceride and LDL-C (241.62 * 28.09,
209.24 £ 58.33 and 168.68 * 31.96 mg/dL,
respectively) than those in normolipemia
(174.57 £16.26, 81.64 +27.05 and 105.47 *
16.65 mg/dL, respectively). In contrast, HDL

ONormolipemia W Dyslipidemia

Cholesterol Triglyceride

LDL cholesterol HDL cholesterol

Fig. 1 Blood lipid profile of dyslipidemia and normolipemia subjects. Total cholesterol, triglyceride, LDL

(LDL-C) and HDL (HDL-C) cholesterol were determined in serum of dyslipidemia (black bar,

n = 100) and normolipemia (white bar, n = 100). Data are shown as mean + SD. *; p < 0.05

when compared with normolipemia
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cholesterol was lower in dyslipidemia (50.38
+ 12.88) than that in normolipemia (57.67
+ 12.19 mg/dL). Correlations among blood
lipid profiles were tested and shown by
correlation coefficient; r (Table 2). It was found
that positive correlations among total choles-
terol, triglyceride and LDL-C were significant
at moderate to strong levels. However, a
negative correlation of HDL-C to total
cholesterol, triglyceride and LDL-C was
observed at lower levels.

Serum levels of NO were shown as
NOx levels. Dyslipidemia subjects had slightly
lower NOx levels (43.99 £9.34 uM) than those
from normolipemia subjects (46.03 = 15.19
UM). Nevertheless, they were not significantly

different. Then, normolipemia and dyslipidemia
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groups were subdivided by age, sex and BMI
for further analysis. When categorized by age,
there were no differences in NOX levels in
different age groups (Fig. 2A). Female and
male subjects with either normolipemia or
dyslipidemia had similar levels of NOX (Fig.
2B). In addition, dyslipidemia subjects who
were underweight (<18.5 kg/mz), normal
weight (18.5-22.9 kg/mz), overweight (23.0-
24.9 kg/m?) and obese (25.0-29.9 kg/m?), had
similar levels of NOX, compared with normoli-
pemia subjects (Fig. 2C). When correlation
tests were performed between NOX and blood
lipid profile, it was found that NOx levels were
not significantly correlated to age, sex, BMI,
total cholesterol, triglyceride, LDL-C and
HDL-C (Table 2).

Table 2 Correlations between nitric oxide and blood lipid profile (total cholesterol, triglyceride, LDL-C

and HDL-C)
Correlation coefficient (p value)
Nitric oxide Total C Triglyceride LDL-C HDL-C
Nitric oxide 1
Total C 0.027 (0.703) 1
Triglyceride 0.013 (0.859)  0.693 (0.000)** 1
LDL-C 0.048 (0.503) 0.915 (0.000) **  0.601 (0.000)** 1
HDL-C 0.013 (0.859) -0.163 (0.021)* -0.392 (0.000)*  -0.301 (0.000)** 1

ok

correlation.

, significant levels were at p < 0.01; *, significant levels at p < 0.05; Correlations were tested by using Pearson’s
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Fig. 2 Serum levels of nitric oxide (NOX) in normolipemia and dyslipidemia, categorized by age (A), sex
(B) and BMI (C). Age subgroups were 35-40, 41-50 and 51-60 years old (n = 10, 32 and 58
for normolipemia; n = 10, 33 and 57 for dyslipidemia group, respectively). Female and male
ratio were 66:34 and 55:45 in normolipemia and dyslipidemia groups, respectively. BMI
subgroups were <18.5, 18.5-22.9, 23.0-24.9 and 25.0-29.9 kg/m2 (n =8, 57, 31 and 5
for normolipemia; n = 10, 59, 30 and 1 for dyslipidemia group, respectively). NOx levels in
dyslipidemia are shown in black bar and normolipemia in white bar. Data are shown as mean

+ SD. The number of age subgroups
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Discussion

In the present study, dyslipidemia and
normolipemia subjects were studied. It was
observed that total cholesterol, triglyceride,
LDL-C and HDL-C were significantly correlated.
As previously shown, there are correlations
among blood lipid profile.m) Total cholesterol,
triglyceride and LDL-C were related at
moderate to high level, while HDL-C was
associated with total cholesterol, triglyceride
and LDL-C at lower level. Moreover, the
levels of triglyceride in the dyslipidemia group
were over two folds that of the normolipemia
group. Triglyceride has been shown as an
independent risk factor of CVD since triglyceride-
rich lipoprotein can penetrate the endothelium
and be phagocytosed by macrophage, contrib-
uting to plaque development.(M’ ' Therefore,
according to the published guidelines,
management of hypertriglyceridemia is
recommended, including lifestyle intervention
and triglyceride level-lowering medication.'”

Moreover, NOX levels in dyslipidemia
subjects were slightly lower than those in
normolipemia subjects (43.99 +9.34 VS 46.03
T 15.19 uM). However, no significant
differences were observed. Previous reports
showed decreased NO levels in diabetes,
hypertension, obesity and metabolic
syndrome.(”'lg) The levels were correlated with
endothelial dysfunction, oxidative stress and
inflammation.”” Even though NO is primarily
produced from endothelial cells, microbial

products and proinflammatory cytokines also
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induce production of NO from immune
cells.?" In this study, subjects were recruited
from patients who came for annual health
check-up and were presumably healthy.
However, it is possible that NO is induced in
immune cells; and therefore hinders reduction
of NO synthesis by endothelial cells. Indeed,
previous studies have shown inconsistency in
some conditions.** *® It has been explained
that this can be compensatory process to the
loss of NO by dysfunctional endothelial cells.
In addition, another study showed that
rheumatoid arthritis, whose pathogenesis
involves inflammation and endothelial
dysfunction, has elevated levels of NO
metabolite and there is an association between
NO metabolite, inflammation and endothelial
dysfunction.(24) This may explain why the
reduction of NO metabolites was not seen in
the present study.

Moreover, it has been shown that serum
NO metabolites increase by age and men have
higher NO levels than women. > ?® In addition,
serum NO metabolites are elevated when BMI
increases.”” However, serum levels of NO
metabolites were not different among age,
sex and BMI subgroups in the present study.
This agrees with a previous study showing that
age, sex and BMI have no correlation with
dyslipidemia.(zg) It is possible that there are
other factors affecting plasma NO levels and
causing the conflicting results.

This study showed that NOX levels did

not have correlations with studied variables,
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inconsistent with our hypothesis. The
explanation of the results could be the effects
of confounding factors. It was shown that diet
and exercise affect plasma levels of NO
metabolites.ag) Consequently, these two factors
may affect plasma NO metabolites and the
interferences mask the correlations between
NOX levels and endothelial dysfunction
observed in dyslipidemia. In addition, the
sample size in our study may be too small to
represent the population.

In conclusion, our results reveal that
serum NOX levels had no association with
age, sex, BMI, total cholesterol, triglyceride,
LDL-C and HDL-C. Therefore, assessment
of NO may not reflect endothelial dysfunction
in dyslipidemia. Further study should be
done in larger sample size with exploration
of confounding factors and other markers of

endothelial dysfunction.
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Evaluation of Lymphocytes using MTT Assay
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Abstract

MTT assay is a technique used to detect immunological property of cells. However,
the limitation of this technique is the aggregation of cells in experiment wells. The PBMC
aggregation, which is found after stimulation with PHA, affected absorbance measurement.
To reduce PBMC aggregation, the present study investigated the optimal concentration and
incubation time of PHA to induce PBMC proliferation under chelating agent (EDTA)
supplemented medium. Peripheral blood samples were provided for PBMC isolation using
Ficoll-Hypaque density gradient centrifugation. The PBMC was induced proliferation under
various concentrations of PHA with a supplementation of EDTA. The reactions were measured
by MTT assay. The results showed that PHA at a concentration of 1 pLg/mL presented a low
amount of PBMC aggregations resulting in significantly high absorbance value, whereas, a
concentration of 5 pg/mL PHA showed high aggregation amount of PBMC and a low absorbance
value as compared to that at 1 pg/mL PHA. EDTA was found to be an effective supplement for
reduction of aggregation in PBMC cultures and it was concluded that optimal concentration of

PHA and supplementation of EDTA can reduce PBMC aggregation in reaction for MTT assay.
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PBMC induced with PBMC induced with
1 pg/mL PHA 5 pg/mL PHA

control group

Fig. 1 Appearance of PBMC under control medium (A) and PBMC after induced with 1 pg/mL PHA
(B) and 5 pg/mL PHA (C) for 72 hours. The aggregated PBMC demonstrated by red arrow
under inverted microscopy (20X).
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Fig. 2 The average of absorbance value of PBMC stimulated with 1 pg/mL PHA and 5 pug/mL PHA for
72 hours as compared between the control group and the internal test groups. Data were shown
as mean = SD of OD570/630 nm. (*p value < 0.05)
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HedAey (p value < 0.05) (Fig. 4A) dwungu
\wad PBMC fignnazfiudas PHA anududu
5 lulasniudedadans Wnammsganauueda
Indigafiulunngianm fe 0.279 + 0.0339,

control group

PBMG aggregation after inducing with 1 pg/mL PHA at different times

1h 2h 3h 4h &h

PBMC aggregation after inducing with 5 pg/mL PHA at different times

1h 2h 3h 4h &h

Fig. 3 Appearance of PBMC stimulated with 1 pg/mL PHA and 5 pg/mL PHA for 1, 2, 3, 4 and 5

hours. The aggregated PBMC was observed under inverted microscopy at 10x



7388

ngaN Aalszietgra uaznae

A PBMC induced with 1 pg/mL PHA
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Fig. 4 The average of absorbance value of PBMC stimulated with (A) 1 pg/mL PHA and (B) 5 pg/mL

PHA for 1, 2, 3, 4 and 5 hours as compared between the control group and the internal test

groups. Data were shown as mean + SD of OD 570/630 nm (*p value < 0.05)
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Fig. 5 The average of absorbance value of PBMC stimulated with (A) 1 pyg/mL PHA and (B) 5 pg/mL
PHA for 1, 2, 3, 4 and 5 hours. PHA-stimulated PBMC samples, incubated at different times,

were changed medium and cultured for 72 hours. Data were shown as mean + SD of OD

570/630 nm and compared between the control group and the internal test groups. (p value

< 0.05)
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o [ control group
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Fig. 6 Effect of EDTA on PHA-PBMC reaction. PBMC was cultured with 1 pg/mL PHA and a supple-
mentation of 2 mM EDTA at different times. The cell viability was analyzed by trypan blue assay.
Data were shown the percentage of cell viability and compared between the control group and

the internal test groups. (Mean + SD and *p value < 0.05)

EDTA lugianadsfiu wumsifiangufieuves  0.2354 +0.0453 “‘T;\‘il,l,ﬂﬂ@hﬁnﬂﬂfjllﬁ 3 uazngu
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o
o

control group

PBMC with 1 pg/mL PHA

PBMC with PHA after use EDTA
PBMC with PHA before use EDTA
PBMC with PHA and EDTA

BEBEOO

1
o
1

o
>
1

o
~N
h

Absorbance measurement of PBMC
at 570/630 nm (meantSD)
o °
- w

0.0-
control group test groups

Fig. 7 The average of absorbance value of PBMC cultured with 1 pg/mL PHA and a supplementation
of 2mM EDTA at different times. The OD measurement was analyzed by MTT assay. Data were
shown as mean + SD of OD 570/630 nm and compared between the control group and the
internal test groups. The different letters (a, b, ¢ and d) indicate a significant different.
(o value < 0.05)
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Emergence of Colistin Resistance in Carbapenems
Resistant Enterobacteriaceae strains

Nittaya Singpoltan

Department of Medical Technology Maharat Nakhonratchasima Hospital,

Nakhonratchasima Province, Thailand

Abstract

The multidrug resistant organisms are major problem of public health worldwide.
Enterobacteriaceae is one of the family that is increasing in drug resistance especially to
carbapenems, a broad spectrum and high potency antibiotic. Colistin has been used as the last
resort for the treatment of carbapenems resistant strains. In the recent years, there are many
reports of colistin resistance by gene transfer via the mechanism of plasmid mediated colistin
resistance gene, mcr-1. This research aimed to study the emergence of colistin resistance and
the resistance gene profile in carbapenem resistant Enterobacteriaceae (CRE). During August
to December 2019, 80 isolates of CRE (68 Klebsiella pneumoniae, 8 Escherichia coli and 4
Enterobacter cloacae) which were isolated from the clinical microbiology unit, Maharat Nakhon
Ratchasima Hospital were studied. The bacteria were identified by using a Vitek 2 compact
instrument. Antimicrobial susceptibility testing was performed by disk diffusion method. The
minimal inhibitory concentration (MIC) of colistin was done by microbroth dilution method via
pm’ blaOXA4s-like’ blalMP’ blaKPC’ blaVIM and mer-1)

were detected by multiplex PCR. The results showed that colistin-resistance rate was 18.8%

Sensititre machine. Six resistance genes (blaN

(15/80) whereas the mcr-1 gene was not found. The detecting resistance gene profile of 15
colistin resistant isolates were bla 9 isolates, bla 5 isolates and one isolate without
NDM OXA48-like
any resistance gene was detected. Although the mcr-1 gene was not found, it showed that the
colistin resistance mechanism does not depend only on this gene and it is still necessary for

further study to avoid the emergence of more colistin resistant in CRE isolates.

Keywords: Colistin resistance, Enterobacteriaceae
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floxacin 5 'lulasniu, piperacillin/tazobactam
110 lulAsn3u, ertapenem 10 ‘lulasn3u, imipe-
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ilihiufigamgdl 35 esmuwaided szoziom
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Table 1 Zone diameter and MIC breakpoints of carbapenems and colistin for Enterobacteriaceae

according to CLSI

Zone diameter breakpoint (mm) MIC breakpoint (ug/mL)
Antimicrobial agent
S | R S | R
Ertapenem >22 19-21 <18 <0.5 1 >2
Imipenem >23 20-22 <19 <1 2 >4
Meropenem >23 20-22 <19 <1 2 >4
Colistin* - - - <2 - >2

*Interpreted according to EUCAST"™®
S; susceptible, I; intermediate, R; resistant

3.2 35 Sensititre' " =ARIS™2X (Thermo
Fisher Scientific, Cleveland, OH, USA)
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Pt 4 o ¢
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Table 2 The sequences of oligonucleotide primers
Product
Primer Sequence (5’ to 3’)
Gene size (bp)
NDM-F 5’- AACGGTTTGGCGATCTGG C -3 b/aNDM 621
NDM-R 5’- GGCGGAATGGCTCATCACGATC -3’
IMP-F 5’- GCGGAATAGAGTGGCTTAAYTCTC -3 b/alMP 232
IMP-R 5’- GTA CGGTTTAAYAAAACAACCACC -3
OXA48-F 5’- GGGCGTGGTTAAGGATGAACAC -3 bla OXA4S 438
OXA48-R 5’- TTATCATCAAGTTCAACCCAACCG -3
VIM-F 5’- GATGGTGTTTGGTCGCATA -3’ blaVIM 390
VIM-R 5’- CGAATGCGCAGCACCAG -3’
KPC-F 5’- CGTCTAGTTCTGCTGTCTTG -3’ b/azKP c 798
KPC-R 5’- CTTGTCATCCTTGTTAGGCG -3’
MCR1-F 5’- GGGTGTGCTACCAAGTTTGC -3’ mcr-1 1126
MCR1-R 5’- CATTGGCGTGATGCCAGTTT -3
Table 3 Characteristics of 80 Enterobacteriaceae isolates
Specimen (n)
Organism
sputum urine blood other total
Klebsiella pneumoniae 45 8 10 5 68
Escherichia coli 1 3 4 - 8
Enterobacter cloacae 1 1 2 - 4
Total 47 12 16 5 80
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Table 4 Antimicrobial susceptibility profile of 68 carbapenem resistant K. pneumoniae
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Antimicrobial agent %Susceptible % Resistant
Amoxicillin/clavulanic acid 0 100
Ceftriaxone 1 99
Ceftazidime 1 99
Cefepime 6 94
Amikacin 81 19
Gentamicin 75 25
Netilmicin 71 29
Ciprofloxacin 6 94
Piperacillin/tazobactam 0 100
Ertapenem 0 100
Meropenem 14 86
Imipenem 10 90

Table 5 Susceptibility results of 15 colistin resistant in carbapenem resistant Enterobacteriaceae isolates

%Susceptibility
Organism Resistance gene

ETP | IMP |[MEM| CIP | AK | GN | NET | CL

K. pneumoniae (13) | bla OXA4B-like (5) 0 20 20 0 100 | 100 | 100 0
blaNDM 8) 0 0 0 0 0 0 0 0

All (13) 0 8 8 0 38 38 46 0

E. coli (1) blaNDM 0 0 0 0 100 0 0 0
E. cloacae (1) none 0 0 0 100 | 100 | 100 | 100 0

ETP; ertapenem, IMP; imipenem, MEM; meropenem, CIP; ciprofloxacin, AK; amikacin,

netilmicin, CL; colistin

GN; gentamicin, NET;
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Table 6 Laboratory testing results of 15 colistin resistant in carbapenem resistant Enterobacteriaceae
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isolates
MIC (pug/mL)
Organism Specimen | Resistant gene
ETP MEM IMP CL
1. K. pneumoniae sputum bla OXAdB ke >4 >8 >8 4
2. K. pneumoniae sputum blaNDNI >4 >8 8 >4
3. K. pneumoniae sputum blaNDNI >4 8 2 >4
4. K. pneumoniae urine bla OXA4S- ke 2 1 1 >4
5. K. pneumoniae urine blal\‘D,\/I >4 8 8 >4
6. K. pneumoniae sputum blaNDM >4 >8 >8 >4
7. K. pneumoniae sputum b/azNDNI >4 8 2 4
8. K. pneumoniae urine blaNDNI >4 >8 8 4
9. K. pneumoniae sputum bla OXAdB ke >4 >8 >8 >4
10. K. pneumoniae sputum bla OXA4B e >4 >8 >8 >4
11. E. coli blood b/aNDM >4 4 2 >4
12. K. pneumoniae blood blaNDM >4 >8 >8 4
13. E. cloacae blood not detect >4 >8 >8 >4
14. K. pneumoniae sputum blaNDI\/I >4 >8 8 >4
15. K. pneumoniae sputum bla OXA4B- ke >4 >8 8 >4

ETP; ertapenem, IMP; imipenem, MEM; meropenem, CL; colistin
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Prevalence of Thalassemia Carriers of Foreign Spouses
Attending at the Antenatal Clinic, Metropolitan Health
and Wellness Institution, Bangkok
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Abstract

Thalassemia is one of the genetic disorders considered to be a serious health issue in
Thailand. The proportion of thalassemia carriers in the Thai population differs from one region to
another. Each year, more than 10,000 new thalassemia cases are diagnosed, some of which have
severe anemic symptoms. Currently, Thailand is facing the settlement of many migrant workers from
neighboring countries, thus, it is very important to assess the prevalence of thalassemia carriers, as
well as the possibility of newborns with severe thalassemia conditions in this population. In this study,
the data of thalassemia diagnosis in migrant workers were collected from January to December 2019
at the Metropolitan Health and Wellness Institution’s Antenatal Care Clinic in Bangkok. The total
number of 162 (81 couples) migrants were recruited with 56 (34.57%) Burmese, 58 (35.80%) Laos
and 48 (29.63%) Cambodian. Diagnosis of beta-thalassemia was carried out using the capillary
electrophoresis while alpha-thalassemia-1 SEA and THAI type deletions were analyzed by real -time
PCR. The results from 162 migrants showed that there were 5 (3.09%) with beta-thalassemia trait,
54 (33.33%) with HbE trait, 3 (1.85%) with double heterozygous alpha-thalassemia-1 SEA type
deletion and HbE trait, 12 (7.41%) with homozygous HbE and 8 (4.94 %) with alpha-thalassemia-1
SEA type deletion trait. In addition, one couple from Laos was found to carry a risk of having a new
born with beta-thalassemia/HbE disease. When the Hardy-Weinberg Formula (HWF) was used to
genetically estimate the number of the new born with severe thalassemia diseases per 10,000
pregnancies, it was predicted that 3 babies would be born with homozygous beta-thalassemia,
75 with beta-thalassemia/HbE disease and 12 with Hb Bart’s hydrops fetalis. Taken together, these

data suggest that the intensive control, prevention and management of thalassemia diseases at the

national level are very important issue to be implemented.

Keywords: Thalassemia, Thalassemia trait screening, Severe thalassemia, Metropolitan Health and

Wellness Institution, Bangkok
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Table 1 Percent of various types of Thalassemia in this study

Thalassemia type Individual (%)

Heterozygous beta thalassemia 5 (3.09)
Heterozygous Hb E 54 (33.33)
Homozygous Hb E 12 (7.41)
Heterozygous alpha thalassemia-1 SEA type deletion 8 (4.94)
Double heterozygous alpha thalassemia-1 SEA type deletion / Hb E 3 (1.85)
Normal 80 (49.38)

Total 162 (100)
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Table 2 Beta-globin allele and alpha-globin allele frequency of individuals in this study
BO
Individual
Thalassemia type BA or BE aa = B
(%) .
B
Heterozygous beta thalassemia (beta 5 (3.09) 5 5 0 10 0
thalassemia trait)
Heterozygous Hb E (Hb E trait) 54 (33.33) 54 0 54 108 0
Homozygous Hb E 12 (7.41) 0 0 24 24 0
Heterozygous alpha thalassemia-1 8 (4.94) 16 0 0 8 8
(alpha thalassemia-1 trait)
Double heterozygous alpha 3 (1.85) 3 0 3 3 3
thalassemia-1 / Hb E
Normal 80 (49.38) 160 0 0 160 0
Total 162 (100) 238 5 81 313 11
__ SEA 4
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Table 3 Comparable of estimate the number of the newborn babies with severe Thalassemia
diseases per 10,000 pregnancies in 2004, 2017 and 2019

Report Severe Thalassemia diseases
(Nationalitystatus, (number newborn babies per 10,000 pregnancies)
Year of report) HomozygousBthal Bthal/HbE | Hb Bart’s hydrops fetalis
Thai, 2004"" 1 37 7
Thai, 2017""? 1 22 9
Immigrant workers, 2019 3 75 12
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Outcome of The Prenatal Beta-Thalassemia
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Abstract

Beta thalassemia ([-thalassemia) is an inherited hemoglobin disorders and can be found in
Thailand. -thalassemia can be found in 3-9% of Thai population and 13% approximately abnormal
hemoglobin E (HbE), which is found mostly in northeastern Thai population. As a result, Thai
couples are at risk of giving birth to babies with -thalassemia major. The objective of this study
was to develop a program for control and prevention of [-thalassemia. This retrospective descriptive
research collected data from medical records and DNA [-thalassemia records at Khon Kaen
Hospital during October, 2016-September, 2018. A total 6,151 couples were screened for thalassemia
using complete blood count (CBC) and dichlorophenol indophenols precipitation test (DCIP). All
positive screening samples were confirmed by hemoglobin typing (HPLC) and reverse dot blot
hybridization (RDB) analysis using {3-thalassemia test kit (Southeast Asia Panel, SEA) 22 panels
which was a new technique. Only one blood tube was used in the entire process from screening
through the molecular confirmation. Couples at risk were assessed by clinician and referred to
genetic counseling, prenatal diagnosis and/or termination. The screening tests classified 235 (3.82%)
couples as [3-thalassemia carriers (MCV<80 fl and MCH<27 pg). Genes that cause thalassemia
major were found in 92 (1.5%) couples based on molecular confirmation. After genetic counseling
and prenatal diagnosis, 14 (0.23%) fetuses with P-thalassemia major were found. Thirteen couples
(0.21%) made decision to terminate their fetuses and only one couple made decision to continue the
pregnancy (Bo—thalassemia/HbE) and planned to receive bone marrow transplantation in the future.

In conclusion, the program established in this study is effective for control and prevention of

*Corresponding author E-mail address: bbecOlmonticha@gmail.com
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[-thalassemia by reducing number of new cases with these diseases. This program can suggest a

guideline to prevent the birth of babies with [J-thalassemia major and related issues.

Keywords: Beta-thalassemia genes, Genetic counseling, Prenatal diagnosis
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Thalassemia Screening Process

Result Process Turnaround time

Screening test
MCV, MCH, DCIP

Positive _— B 1 week
Hb typing
Not rule out O, B  —— — 1 week
Thalassemia or Hb E
DNA analysis -

R
Positive and Risk for
. . — 1 week
thalassemia major
Pre-Natal Diagnosis
— 1 week
No thalassemia major |—» Thalassemia major

To pregnancy Termination

Fig. 1 Thalassemia Screening Process in Khon Kaen Hospital
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E.

Fig. 2 [3-thalassemia test kit (Southeast Asia Panel, (SEA) 22 panels) by Reverse Dot Blot hybridiza-

tion technique (Green: “Positive Control” result; Blue: “Negative Control” result and White:

types of beta globin mutations result.)

A: Positive for Codons 41/42-TCTT,

. Positive for Compound heterozygous Hb E and Codon 17 A>T

B
C: Positive for Compound heterozygous Hb E and Codons 41/42-TCTT
D

: Positive Control and E: Negative Control

Widu 4 &l Feanszoznmnn@uilFnm
9-10 &l titeinTematihdensifedomsn
lunssd uazanoimsunsadeunnmsiinams
dengasadiiu 22 dlenn
agslsAimudnsmmmavieatfiiimsves
Audndadiile Tsawennaveuunu limunsoase
JAN=Hinaved (6[5)0—thalassemia, rare abnormal
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Qv
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HEANFULIMS 1o 6,151 § ansnsaAamuand

o o v A A Vv ¥

nFumsanfianseslsandadiisld Sevar 98.2
Taginanvfansesmedsidiadonuns MCV/
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40 9y (%at‘laz 0.65) Wne Bo—thalassemia 9 1Y
(5owaz 0.15) Wing B*-thalassemia 2 519 (Fowaz
0.03) Telulanadlulnadud 1 19 (3ewaz 0.02)
Tsawmmdafiilosiaguuss (homozygous B’
thalassemia) 1 919 (3ovaz 0.02) waz B*/Hb E
thalassemia 13 519 3owaz 0.21)
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fiugenanfuionazusifiiimanluasadiilulsn
mmmﬁaéﬁLﬁaﬁﬁmmﬁqmm 14 19 (3p8a2 0.23)
ﬁw@qézmiﬁﬁﬁﬂau“lﬁlgamiﬁﬁa 1 118 $o8az 0.02)
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CDI17(AST), IVS2.654 (C>T), IVS1.1(G>A/T),
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HsfindTaulnadudly A,A 72 510 EE/EF 4 910
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manaeiugiia -28 (A>G) 32 11y sesawnilu
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2 waz 1 nemuddy Aviiadlulnaduiu AJ-A
27 510 EFA 7 319 uaz A FA 1 19 uenanild
wumsnaeug (SB) -thalassemia 1fuwiia 12.6
kbdel 2 1o Taglvinaiduaudemsasiadieinaiia
reverse dot blot hybridization (RDB) %af319

GenoFlow B-thalassemia Genotyping Test kit
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Table 1 Outcome of the prenatal Beta-thalassemia control program in Khon Kaen Hospital

Test : Result Total
6,151 (100%)
CBC and/or DCIP : Positive 5,539 (90%)
H b typing 235 (3.82%)
: Risk for homozygous B-thalassemia 2 (0.03%)
: Risk for 3/Hb E 2383 (3.79%)
DNA analysis
No risk for B-thalassemia major 100 (1.63%)
Risk for p-thalassemia intermedia 36 (0.59%)
: B*/Hb E thalassemia 34 (0.55%)
- (6p)°/Hb E -thalassemia 2 (0.03%)
Risk for B-thalassemia major 92 (1.5%)
: BO/BO thalassemia 1 (0.02%)
: B%Hb E thalassemia 89 (1.45%)
: B*/Hb E thalassemia 1 (0.02%)
: BB thalassemia 1 (0.02%)
Prenatal Diagnosis 92 (1.5%)
: Normal 26 (0.42%)
: Hb E carrier 40 (0.65%)
: Bo—thalassemia carrier 9 (0.15%)
: B*-thalassemia carrier 2 (0.03%)
: Homozygous Hb E gene 1(0.02%)
: BO/BO —thalassemia 1(0.02%)
: B°/Hb E thalassemia 13 (0.21%)

Continue pregnancy 1(0.02%)
Termination 13 (0.21%)
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Table 2 The results of DNA and Hb typing analysis in 235 risk couples for major 3-thalassemia

Genotype Mutation Hb typing (Number) Number Percent
p°-thalassemia 91 38.72
CDs 41/42 (-TTCT) A2A (87) 45 19.15
EE/EF (1)
EF (7) 21 8.94
CD 17 (AST) AA (17)
EF (2)
EFA (1)
EE/EFBart’s (1) 12 5.11
VS 2.654 (C>T) AA (6)
EE/EF (3)
EF (3) 6 2.55
VS 1.1 (G>A/T) AA (6) 4 1.7
CDs 71/72 (+A) AzA 3)
EF (1) 2 0.85
VS 2.1 (G>A) A2A 2) 1 0.43
CDs 27/28 (+C) AA (M)
B*-thalassemia 35 14.89
-28 (A>G) AA (25) 32 13.62
EFA (6)
AJFA (1)
CD 19 (A>G) AA (1) 2 0.85
EFA (1)
VS 1.5 (G>C) A2A (1) 1 0.43
(GB)O-thaIassemia 2 0.85
12.6 kb del AJFA (1)
EF (1)
B E_thalassemia 42 17.87
CD 26 (G>A) EE/EF (35)
EF ()
EE/EFBart’s (2)
EA with High Hb F (2)
EFA (1)
Normal 58 24.68
AA(53)
A2FA 3)
Rare Abnormal Hb (2)
Unknown mutation 7 2.98
EF(5)
EFA(2)




waawsvesnmsnIuguuazileanidsawmmaadilouyunsyNeITIuAUNMIngIaIdaneneunasn

7427

Table 3 The prenatal diagnosis results in 14 subjects that are affected for severe thalassemia

syndromes
Severe thalassemia syndrome Mutation Number Percent
Homozygous Bo-thalassemia CDs 41/42 (-TTCT) 1 714
RC-thalassemia/HbE 13 92.86
CDs 41/42 (-TCTT)/HbE 8 57.14
CDs 71/72 (+A)/HbE 2 14.29
VS 1.1 (G>T)/HbE 1 7.14
CD 27 (+C)/HbE 1 7.14
CD 17 (A>T)/HbE 1 7.14
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iSED
the perfect ESR system
iSED Advanced Rheology Technology

iSED’s micro-flow cell captures the critical kinetics of Red Blood Cells in a highly
Controlled testing environment. Utilizing a very small sample - 100 microliters-

the jSED captures the impact of the most critical phase of the early-phase in the
phenomenon of RBC sedimentation, the so-called Rouleaux formation, to pro-

duce ESR results that are unaffected by the variables commonly associated with
traditional ESR testing, such as mixing of the sample and temperature.

Most importantly, iSED results are not affected by the hematocrit.

P> Results in 20 seconds
P 100pL sample -
& No disposables Ad
® Works directly off primary EDTA tubes i

p Closed container sampling (oo

. . ® Fully automated R T
Slmply insert the 5 Random access \LCOR
primary EDTA tubes continuous feed operation

and walk away! @ High throughput (up to 180 samples per hour!)

Seditrol® ESR Quality Control Exclusively for iSED
& 18 month shelf life

P 31 day open vial stability

P No refrigeration required

P Barcoded, piercable vials, ready to load

P No transfer of QC material required
> Free QC Data Management Program with peer data and 24/7 access

order information specifications
@ S EReRaEInE Principle of Measure photometrical rheoscope
Results printed results (1-130mm/hr)
112-00101 iSED® Automated ESR Analyzer 1 each Sample Requirements 100pL whole blood (500uL dead volume)
112-05000 Test Card; 5000 iTests 1 card Tube Requirements 13 x 75mm test tube in EDTA
! anti-coagulant, capped
112-10000 Test Card; 10,000 iTests 1 card
Barcode Reader Internal
112-20000 Test Card; 20,000 iTests 1 card POTer Bicrna
112-40000 Test Card; 40,000 iTests 1 card Interface Serial R$232 port for LIS connection
DSCo6 Seditrol® Quality Control Kit 6 x4.5mL Power Requirements 100-240VAC; 50-60Hz; 160W
112-12-001 iWash™ 4 x 500mL Weight 13.6 kgs (30 Ibs)
Dimensions 36 x27x34cm (14.3x10.5x 13.4in)
DISTRIBUTOR :
Bangkok Inter Products Co., Ltd,
91/247-251 Suwinthawong Road, Minburi, Bangkok 10510
SCIENTIFIC Tel: 662 543-7430 Fax: 662 543-7900

WWW.ALCORSCIENTIFIC.COM Email: info@b-i-p.co.th  Website: www.b-i-p.co.th
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