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Abstract

Background and Objective: Progranulin (PGRN) is a secreted glycoprotein growth factor with roles in wound
healing, inflammation, angiogenesis and malignancy. An orthologue of the gene encoding human PGRN was
identified in the carcinogenic liver fluke, Opisthorchis viverrini.

Methods: Sequence structure, general characteristics and possible function of Opisthorchis viverrini PGRN
(Ov-PGRN) were analyzed using bioinformatics. Expression profiles were investigated with quantitative reverse
transcription polymerase chain reaction (RT-PCR), western blot and immunolocalization. A specific peptide of
Ov-PGRN was used to investigate a role for this molecule in pathogenesis.

Results: The structure of the gene coding for Ov-PGRN was 36,463 base pairs in length, and comprised of 13 exons,
12 introns, and a promoter sequence. The Ov-PGRN mRNA is 2,768 base pairs in length and encodes 846 amino
acids with a predicted molecular mass of 91.61 kDa. Ov-PGRN exhibited one half and seven complete granulin
domains. Phylogenetic analysis revealed that Ov-PGRN formed its closest relationship with PGRN of liver flukes
in the Opisthorchiidae. Transcripts of Ov-PGRN were detected in several developmental stages, with highest
expression in the metacercaria, indicating that Ov-PGRN may participate as a growth factor in the early
development of O. viverrini. Western blot analysis revealed the presence of detected Ov-PGRN in both soluble
somatic or excretory/secretory products, and immunolocalization indicated high levels of expression in the teg-
ument and parenchyma of the adult liver fluke. Co-culture of a human cholangiocyte cell line and a peptide
fragment of Ov-PGRN stimulated proliferation of cholangiocytes and upregulation of expression of the cytokines
interleukins 6 (IL6) and interleukins 8 (IL8).

Conclusion: Ov-PGRN is expressed throughout the life cycle of liver fluke, and likely plays a key role in
development and growth of human cholangiocytes.

Keywords: Opisthorchis viverrini, liver fluke, progranulin, cholangiocyte, cytokines
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Introduction

Infection with the food-borne liver fluke,
Opisthorchis viverrini has been classified as a
group 1 biological carcinogen by the
International Agency for Research on Cancer'.
In regions where liver fluke infection is
endemic, opisthorchiasis is the principal risk
factor for cholangiocarcinoma (CCA)’. Focusing
on the contribution of the excretory and
secretory products (ES) of O. viverrini to
carcinogenesis, we targeted the O. viverrini
granulin-like growth factor, Ov-GRN-1, a
prominent component of the ES complement
that induces phenotypic hallmarks of cancer.
Ov-GRN-1 and other ES components including
extracellular vesicles enter cholangiocytes, the
epithelial cells that line the biliary tract, and
drive cellular signaling that promotes
carcinogenesis, including cellular proliferation
and migration, angiogenesis and wound healing
“°. We have confirmed the role of Ov-GRN-1 in
driving proliferation of bile duct epithelial cells
(cholangiocytes) by genetic manipulation of its
expression in the liver fluke both by
ribonucleic acid interference (RNAi) and
clustered regularly interspaced short
palindromic repeats (CRISPR) gene knockout.
Moreover, we have shown that infection of
hamsters with the gene-edited, infectious stage
of the liver fluke was feasible and that
proliferation of biliary epithelia is markedly
suppressed during infection with the AOv-GRN-1
(Ov-GRN-1 knockout) flukes**”.

The genome of O. viverrini encodes three
granulin-like genes including progranulin
(Ov-PGRN) and two opisthorchiid-specific
granulins (Ov-GRN-1 and Ov-GRN-2) that were
identified in in silico generated ES products of
O. viverrini *°. Mammalian progranulin has been
studied in depth; it is a secreted glycoprotein
comprised of multiple granulin domains. Each
granulin domain shows 12 conserved cysteine
granulin/epithelin modules'"". Cleavage of the

signal peptide releases the mature granulin,
which can be further cleaved into a slew of
active, 6 kDa peptides'. The granulin/epithelin
module (GEM) itself (contained within each unit)
and intact PGRN protein can both regulate
cellular proliferation'*”. The majority of the
granulin family members across the web of life
are in a multi-domain form mostly commonly
as multiple granulin domains, similar to PGRN.

Opisthorchis and related species are
unusual with single domain granulin genes, the
most studied form being Ov-GRN-1 which has
been shown to promote cell proliferation and

wound healing®'**®

. Human PGRN plays a
notable role in stimulating cellular proliferation
and inflammation, which in turn promotes
tumor metastasis'>"”. Human PGRN is essential
for a range of organs, and mutations lead to
dementia-like disease in the brain®.
Notwithstanding that Ov-GRN-1 has been
studied extensively, Ov-PGRN from any of the
liver flukes has yet to be investigated. Here, we
describe the characteristics of the Ov-PGRN
protein and investigate the properties of a
synthetic peptide of Ov-PGRN-1 that lacks
identity to the orthologous human protein and
induced proliferation of the H69 cholangiocyte
cell line, a model for normal biliary tract
epithelium, and induced expression of
cholangiocyte proinflammatory cytokines.

Methods

Ethics statement

Hamsters were reared at the animal facility,
faculty of Medicine, Khon Kaen university. Study
design protocols and standard operating
procedures were approved by the Animal
Ethics Committee of Khon Kaen university
according to the Ethics of Animal
Experimentation of the National Research
Council of Thailand, approval number
IACUC-KKU-92/63.
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Developmental stages of O. viverrini

O. viverrini metacercariae were isolated from
infected cyprinid fishes from natural sources by
pepsin digestion as described®. Newly
excysted-juvenile flukes (NEJ) were prepared
from the encysted metacercariae by incubation
in 0.25% trypsin in 1X Phosphate-buffered saline
(PBS) supplemented with 2X 200U/ml penicillin,
200 pg/ml streptomycin (Gibco, Thermo Fisher
Scientific, Waltham, MA) for five min at 37°C in
5% CO, in air, after which NEJs were separated
from the discarded cyst walls using mechanical
passage through a 24G gauge needle. Flukes
were recovered from the biliary tract of Syrian
golden hamsters (Mesocricetus auratus) at 2
weeks and 6 weeks after infection with 50-100
metacercariae per hamster by intragastric
intubation, to recover juvenile and adult stages
of the helminth, respectively®.

Somatic adult worm extract (SAE) and
excretory-secretory (ES) antigen preparation

A soluble lysate of adult worms or
somatic adult worm extract (SAE) was prepared
from fresh or frozen and homogenized adult
worms as described 8. Briefly, adult worms (~20
worms) recovered from infected hamsters
(described above) were washed in cold normal
saline solution (NSS) containing 100 ug/ml
penicillin-streptomycin. The worms were frozen
in liquid nitrogen and homogenized with
glasses tissue grinder in phosphate-buffered
saline (PBS) containing 1X proteases inhibitor.
Lysate was lysed with ultrasonic homogenizer
with amplitude 20% at 20 pulses/min for 10 min
and centrifuged 10,000Xg for 30 min at 4°C.
Supernatant was collected and concentration
of protein determined by spectrophotometry
at 280 nm. SAE was aliquoted and kept at -80°C
until used.

For preparation of the ES products of adult
O.viverrini, the live adult worms (~200 worms)
collected from experimental hamsters described
above were washed in sterile NSS containing

antibiotics (100 pg/ml penicillin-streptomycin)
and transferred into Roswell Park Memorial
Institute (RPMI) 1640 culture medium (Gibco,
Grand Island, NY) supplemented with 1%
glucose, antibiotics and proteinases inhibitors
and maintained in culture medium (200 ul/fluke)
at 37°C, under 5% CO2 in air. After incubation
for 24 hr, the medium containing ES products
was removed, clarified by centrifugation at
3,000Xg at 4°C for 10 min, the supernatant was
concentrated using Amicon 8,050 ultrafiltration
cell (Amicon, Miami, FL) equipped with a YM10
membrane (cutoff, 10,000 daltons), dialyzed
against PBS pH 7.4, and sterilized by 0.22 pym
filtration. The protein concentration was
measured as above after which aliquots were
stored at -80°C*.

Phylogenetic analysis

Progranulin protein sequences were
retrieved from GenBank. Sequence homologies
were analyzed using the basic local alisnment
search tool (BLAST) search program®. Signal
peptide and cleavage site was predicted with
SignalP - 5.0 (https://services.healthtech.dtu.dk/
service.php?SignalP-5.0). Promoter sequence
and transcription site was predicted at https://
www.fruitfly.org/seq_tools/promoter.html.
Asparagines predicted to be N-glycosylation sites
were analyzed at https://services.healthtech.
dtu.dk/service.php?NetNGlyc-1.0. The protein
sequences of PGRN from diverse taxa were
retrieved and compared to PGRN of O. viverrini
by ClustalW multiple sequences alignment
analysis using BioEdit version 7.2.6 25,26. The
phylogenetic tree of PGRN protein sequences
was analyzed and constructed with Maximum
likelihood method with Jones-Taylor-Thornton
(JTT) model with 1,000 bootstrap replication by
using software MEGA version 11.0”". Progranulin
protein sequences in phylogenetic tree
including THD19177.1 Fasciola hepatica,
TPP59761.1 Fasciola gigantica, KAA0196540.1
Fasciolopsis buski, VDP74698.1 Echinostoma
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caproni, CDS24124.1 Echinococcus granulosus,
CDI98749.1
VUZ39807.1 Hymenolepis diminuta,
CAH8605806.1 Schistosoma intercalatum,
CAHB8636088.1 Schistosoma haematobium,
CAH8621661.1 Schistosoma bovis,
XP 018648777.1 Schistosoma mansoni,
CAXT73857.1 Schistosoma japonicum,
CAH8659303.1 Dicrocoelium dendriticum,
KAA3673437.1 Paragonimus westermani,
KAF6780227.1 Paragonimus kellicotti,
KAF5405781.1 Paragonimus heterotremus,
TGZ71538.1 Opisthorchis felineus, KAG5441482.1
Clonorchis sinensis, XP_009174632.1
Opisthorchis viverrini, KRX87044.1 Trichinella
pseudospiralis, XP_003371171.1 Trichinella
spiralis, XP_024506721.1 Strongyloides ratti,
KHN88158.1 Toxocara canis, NP_492981.1
Caenorhabditis elegans, XP_035590678.1
Oncorhynchus keta (chum salmon),
XP_028930903.1 Ornithorhynchus anatinus
(platypus), AAI05335.1 Bos Taurus and
NP_002078.1 Homo sapiens.

Echinococcus multilocularis,

A liver fluke specific peptide fragment of PGRN
The peptide LQSKKDISDAHRMQC (amino
acids position 627 - 641) designated “Ov-PGRN-
L627C6417 was selected because it appeared
to be liver fluke PGRN-specific (does not share
identity to human PGRN) and was predicted to
be highly immunogenic in rabbits, and therefore
suitable for raising a specific polyclonal
antiserum. The peptide was synthesized and
was used to generate the polyclonal anti-
O. viverrini progranulin antibodies by
immunizing New Zealand rabbits (Genscript,
Piscataway, NJ).The peptides used in cell culture
were evaluated for the presence of
lipopolysaccharide (LPS) using a chromogenic
LAL endotoxin assay kit (GenScript, Piscataway,
NJ, USA) according to the manufacturer’s
instructions. A standard curve was generated
using LPS concentrations ranging from 0.1-0.01
endotoxin units (EU) per ml (0.01-0.001 ng/ml)

for sample measurement. The absorbance of
the reaction was measured at 545 nm using a
microplate reader (Varioskan™ LUX microplate
reader, Thermo Scientific, Waltham, MA USA).

RNA extraction and quantitative real-time RT-PCR

Total RNA of flukes was extracted with
TRIZOL reagents (ThermoFisher Scientific,
Burlington, MA) following the manufacturer’s
instructions, and contaminating genomic DNA
was removed by treatment with DNase |
(ThermoFisher Scientific, Rockfort, IL). The RNA
concentration was measured by Nanodrop 2000
(ThermoFisher Scientific, Wilmington, DE).
Complementary DNA (cDNA) was converted
from 500 ng of flukes total RNA by using a
RevertAid first strand cDNA synthesis kit (Thermo
Fisher Scientific, Waltham, MA) for gPCR
templates. gPCR was performed with biological
duplicate samples using a SYBR Green kit
(Takara Bio USA, Inc., Mountain View, CA) in a
thermal cycler (Light Cycler 480 Il, Roche
Diagnostics GmbH, Mannheim, Germany). Each
gPCR reaction consists of 1 uL of cDNA, 10 pL
SYBR Green Master Mix, 10 mM forward and
reverse primers for specific Ov-PGRN gene
(forward primer, Ov-PGRN-out-f: 5’-TGTCGGTTC-
GGGATCCATTG and reverse primer, Ov-PGRN-rev:
5’-ACTTACATTAACGAAAGGACAGC), and distilled
water to a final volume of 20 uL. The thermal
cycle was started with a single initiation cycle
at 95°C for 10 min. The cycle was followed by
40 cycles quantification mode of PCR, each PCR
cycle consists of denaturation at 95°C for 15
sec, annealing at 53°C, single acquisition mode
for 30 sec, and extension at 72°C for 30 sec.
After the final PCR step, the specificity of the
real-time PCR reaction was confirmed using
melting curve analysis. The evaluation of PGRN
expression was performed by relative gene
expression analysis using housekeeping genes.
The endogenous actin gene (GenBank
FL620339.1) was used as a reference control®.
The control group was prepared the same gPCR
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reaction as described above except for the
difference in a pair of primers for liver fluke
actin gene instead (forward primer, Ov-actin-F1:
5’-AGCCAACCGAGAGAAGATGA, and reverse
primer Ov-actin-R1: 5’-ACCTGACCATCAGG-
CAGTTQ). The relative Ov-PGM mRNA expression
from different developmental stages of O.
viverrini, the fold change (R) was calculated by,
2°% where ACt = Ct value of Ov-PGM — Ct of
value Ov-actin®.

Western blot analysis

To detect PGRN in somatic adult worm ex-
tract and ES product of O. viverrini, 2 pg of SAE
and 5 pg ES products were separated in 15 %
SDS-PAGE and probed with anti-Ov-PGRN-
L627C641 peptide. In brief, electrophoresed
proteins were transblotted onto nitrocellulose
membrane, after which the membrane was cut
into strips and blocked for non-specific binding
with 5 9% skim milk in PBST for 1 hr. The
membranes were first incubated overnight with
purified polyclonal anti-O.viverrini progranulin
antibodies generated by immunizing a New
Zealand rabbit with the peptide Ov-PGRN-
L627C641 (see above) at dilution 1:300 then
incubated for 120 min in goat anti-rabbit 1¢G
conjugated with horseradish peroxidase
(MerkMillipore, Tumecula, CA) diluted 1:2,000 in
PBST. After additional washes with PBST, the
membrane was exposed to enhanced
chemiluminescence reagent (MerckMillipore,
Billerica, MA) and reactive signals visualized
using autoradiography using Kodak BioMax film
(Millipore Sigma, Burlington, MA)

Immunohistochemistry

Paraffin-embedded sections of adult
O. viverrini were de-paraffinized using xylene.
Sections were rehydrated in an ethanol series,
serial solution, with two incubations for each
stage; 100%, 90%, 80% and 70% ethanol, 5 min
each. Sections were immersed in citrate buffer
(pH 6) and autoclaved for 10 min for antigen

unmasking, followed by blocking with 3% H O,
in methanol. Thereafter they were incubated
overnight at 4°Cin rabbit anti-Ov-PGRN-L627C641
peptide sera diluted 1:10, or pre-immunized
rabbit 1gG in PBS. Sections were probed with
anti-rabbit 1¢G Fc monoclonal secondary
antibody (HRP conjugate) (GenScript, Cat. No.
A01856, Piscataway, NJ) diluted 1:1,000 in PBS.
Peroxidase reaction products were visualized
with 3, 3-diaminobenzidine (DAB) (Sigma-Aldrich,
St Louis, MO). Counterstaining was performed
with Mayer’s hematoxylin for 5 min. A positive
signal was indicated by a reddish-brown color
under light microscopy.

Cellular proliferation

The human cholangiocyte cell line, H69 was
maintained as described®. H69 cells were
cultured in the presence of the Ov-PGRN-L627C-
641specific peptide. Briefly, 1.5x10> H69 cells
were seeded into wells of a 24 well cell culture
plate (SPL Life Sciences, Korea) and cultured
with complete medium for 24 hr. Complete
medium is defined as Dulbecco’s modified
Eagle’s medium (DMEM)/Ham-F12
supplemented with 100 u/ml penicillin-
streptomycin, 25 pg/ml adenine, 5 pg/mlinsulin,
1 pg/ml epinephrine, 13.6 ng/ml T3-T, 10 ng/ml
epidermal growth factor and 0.62 pg/ml
hydrocortisone, sterile-filtered through a 0.22
UM membrane, and then 10% fetal bovine
serum was added”. Cells were then fasted for
4-6 hr in low growth factor media (DMEM/
Ham-F12 supplemented with 100 U/ml
penicillin-streptomycin with one-twentieth of
the growth factor contents of complete media).
The cells were cultured with 0.8 and 1.6 uM
PGRN peptide, or 0.2 pM recombinant
Ov-GRN-1 %, or vehicle control PBS in low growth
factor media for 24 and 48 hours. The viable
cell number was determined using an
tetrazolium salt (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay with
absorbance 570 nm as per manufacturer’s
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instructions (Invitrogen, Oregon, USA). The three
replicate experiments were assayed for each
condition. Cell number was determined at 570
nm using a plate reader (Asys UVM340,
Biochrom, Cambridge, UK). The concentrations
were established using a standard curve before
transforming into relative proliferation
compared to control groups. Cell proliferation
assays were carried out in triplicate. The data
were presented as the mean + SE of three
independent replicates using GraphPad Prism
software. One-way ANOVA with a post-hoc tukey
test was used for statistical significance
comparison. p<0.05.was considered to be
statistically significant.

IL-6 and IL-8

IL-6 and IL-8 gene expression levels from
the H69 cholangiocyte cell line co-cultured with
Ov-PGRN specific peptide was measured by
gRT-PCR. Briefly, H69 cells were treated with
Ov-PGRN specific peptide as described above
and subsequently total RNA of harvested cells
incubated with 0.8, 1.6 uM of Ov-PGRN specific
peptide was extracted using TriZol°Reagent
following company instructions (ThermoFisher
Scientific, Burlington, MA). 500 ng of total RNA
was converted to cDNA by using a RevertAid
first strand cDNA synthesis kit (Thermo Fisher
Scientific, Waltham, MA) for gPCR templates.
cDNA was amplified using PCR with
gene-specific primers designed to amplify a
portion of the coding sequences. gPCR was
performed with biological duplicate samples
using a SYBR Green kit (Maxima SyBr green gPCR
master mix, ThermoFisher Scientfic, Vilnius, EU)
in a thermal cycler (Light Cycler 480 Il, Roche
Diagnostics GmbH, Mannheim, Germany). Detail
of primer sequences for IL-6 (forward; 5’-AC-
CCCTGACCCAACCACAAAT-3’, reverse; 5’-CCTTA-
AAGCTGCGCAGAATGAGA-3), IL-8 (forward,;
5’-GTGCAGTTTTGCCAAGGAGT-3’, reverse;
5’-CTCTGCACCCAGTTTTCCTT-3’)*. The gene
expressions were normalized with internal

control using Beta-actin (forward; 5’-TCCCTG-
GAGAAGAGCTACGA, reverse; 5’AGCACTGTGTTG-
GCGTACAG)28.PCR reactions consisted of 12.5
ul of SYBR Green Master Mix (ThermoFisher
Scientific, Vilnius, EU), 0.5 ul (10 mM) each of
forward and reverse primers, 1 pl (equivalent
to 50 ng of total RNA) of first- stand cDNA and
water to a final volume of 25 pl. PCR cycling
conditions consisted of initiation with pre-heat
for one cycle at 95°C for 10 min followed by
40 cycles of denaturation at 95°C for30 sec,
annealing at 55°C for 30 sec, extension at 72°C
for 45 sec, and a final extension at 72°C for 10
min. Data are presented as the mean + standard
error. Differences between groups were as-
sessed using Student’s t-test (GraphPad Prism
Software, www.graphpad.com); p<0.05. was
considered statistically significant.

Results

Characteristics of Ov-PGRN

The genomic sequence of Ov-PGRN was
identified from the whole genome shoteun
sequence database (Nucleotides 46,266-9,212
of GenBank Sequence ID: JACJ01021739.1)"°. The
genomic structure of Ov-PGRN was 36,463
nucleotides composed of 13 exons and 12
introns with an upstream promoter which is
compatible with the expression of this gene (Fig.
1A). The Ov-PGRN mRNA sequence was
identified from a partial mRNA sequence
encoding a hypothetical protein (GenBank
accession number XM_009176368)". The mRNA
sequence is 2,768 bp in length and encoded
846 amino acids with a signal peptide
containing a predicted cleavage site between
amino acids 38 and 39: VLS-GD. Ov-PGRN
contains specific characteristics of one half and
seven complete and highly conserved 12-cys-
teine granulin/epithelin motifs: C(X5-7)C(X5)
CC(XT7-9)CC(X5-6)CCXDXHCCP(X4)C(X4-6)C 11
(Fig. 1A and B). The individual granulin/epithelin
motifs (A-G) show sequence similarities between
53-67%.
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Phylogenetic relationship of Ov-PGRN and
other PGRNs from various species indicated that
Ov-PGRN formed the closest relationship with
PGRN of the closely related carcinogenic flukes
Clonorchis sinensis and O. felineus (Fig. 2). PGRN
formed major branches in which the platyhel-
minthes, nematoda, and vertebrata all grouped
within their clades.

Progranulin is highly expressed in distinct
developmental stages of O. viverrini

The developmental expression profile of
Ov-PGRM in O. viverrini was evaluated using
quantitative RT-PCR, and protein expression
profile was assessed using immunohistochem-
istry. Ov-PGRM mRNA was expressed in meta-
cercaria, NEJ, J2W and adult fluke (Fig. 3). The
highest Ov-PGRN gene expression level was
shown in metacercaria and the lowest levels
were in NEJ, J2W and adult, respectively (Fig.
3A). Western blot analysis detected a band of
100-110 kDa, slightly larger than the expected
size of Ov-PGRN (92 kDa) in both worm lysate
and ES products (Fig. 3B). The greater observed
size is likely due to the 10 putative N-linked
glycosylation sites identified in the predicted
protein.

Immunohistochemical localization of the
liver of infected hamster probed with rabbit
anti-Ov-PGRN-L627C641 peptide revealed
expression of Ov-PGRN on the tegument,
parenchymal and eggs in the uterus of the adult
fluke in hamster bile ducts (Fig. 4). The signal
also was detected in bile duct cells of the in-
fected hamster (Fig. 4).

Effect of Ov-PGRN peptide on human bile duct cell
proliferation

Endotoxin in Ov-PGRN-L627C641 peptide
used in cell culture was measured using LAL
assay. The result showed that the LPS
concentration in 0.8 and 1.6 uM of Ov-PGRN-
L627C641 peptide was 0.003 ng/ml and 0.002
ng/ml respectively. These values fall within the

acceptable range for cell culture, as outlined
by the manufacturer’s instructions.

H69 cells were incubated with 0.8 and 1.6
UM of Ov-PGRN-L627C641 peptide and cell
proliferation was measured with the MTT assay
at 24 and 48 h. H69 cells incubated with 0.2 pM
of Ov-GRN-1 and culture media were used as a
control groups. The results showed that H69
cells incubated with 0.8 and 1.6 uM of Ov-PGRN-
L627C641 peptide underwent significantly
increased cell proliferation only at 48 hrs (160
and 180%, respectively) when compared with
culture media alone control (Fig. 5B). H69 cells
incubated with 0.2 uM of Ov-GRN-1 recombinant
protein also underwent significantly increased
cell proliferation when compared with culture
media alone, as described previously’.

Pulsing cholangiocytes with Ov-PGRN
peptide-stimulated expression of IL6 and IL8

To evaluate the inflammatory cytokine pro-
duction that occurs in response to Ov-PGRN
stimulation. The response of cultured human
bile duct cell lines to Ov-PGRN-L627C641
peptide stimulation was investigated.
Quantitative RT-PCR was applied to evaluate
the mRNA expression level of cytokine from the
cells. H69 cells were incubated with 0.8 and 1.6
pUM of Ov-PGRN-L627C641 peptide. The relative
expression was compared with actin house-
keeping gene. The mRNA expression levels of
IL-6 and IL-8 were slightly increased in H69 cells
incubated with either 0.8 or 1.6 uM of Ov-PGRN
-L627C641 peptide at 48 h incubation compared
to controls without peptide (Fig. 6).
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Figure 1 Secondary structure of O. viverrini progranulin gene and protein. (A) Structure of genomic sequence of
Ov-PGRN consists of 13 exons and 12 introns and the schematic of Ov-PGRN protein composed of seven and a
half repeats of the granulin/epithelin motif. One half granulin domain is indicated with a P, and the 7 complete
granulin domains were designated A to G. Consensus sequences of 12-cysteine granulin/epithelin motif, C(X5-7)
C(X5)CCXT-9)CC(X5-6)CCXDXHCCP(X4)C(X4-6)C was identified in the complete domains A to G. An incomplete
granulin/epithelin motif with 10-cysteine in exon 12-13 is indicated with I. Position of Ov-PGRN specific peptide
(Ov-PGRN-L627C641) is indicated with black star between domain D and E. (B) Multiple sequence alignment of
single granulin motif A to G compared with Ov-GRN-1 and Ov-GRN-2.
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Figure 2 Maximum likelihood tree showing the relationship between
homologous progranulin protein sequences from various helminths and vertebrates. Bootstrap values of
1,000 replicates are provided at the nodes of the branches.
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Figure 3 Detection of Ov-PGRN gene and Ov-PGRN protein in O. viverrini. (A) Relative expression by RT-qPCR of
Ov-pgrn gene in adult, 2 weeks old fluke (J2W), newly excysted juvenile (NEJ) and metacercaria (Ov-MC). The
evaluation of Ov-PGRN expression was performed by relative gene expression analysis using endogenous actin
gene as a reference. (B) Detection of O. viverrini PGRN by western blot. Western blot shows somatic adult extract,
SAE (2 ug) and ES (5 ug) from adult fluke on nitrocellulose membrane probed with anti-Ov-PGRN-L627C641 pep-
tide followed by HRP-conjugated anti-rabbit I1gG secondary antibody. A specific band was detected for progranulin/
PGRN at approximately 92 kDa (as indicated by arrow). Molecular weight marker (MW) is indicated.

Figure 4 Immunohistochemical
localization of Ov-PGRN in adult O.
¥ viverrini. Thin histological sections of
S adult O. viverrini in the bile ducts of
@4 infected hamsters probed with (A) with
¥ control IgG and (B) probed with rabbit
# anti-Ov-PGRN-L627C641 peptide. OV =
# worm, BD = bile duct epithelium, T=
. tegument. Scale bar = 50 pm.
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Figure 5 Opisthorchis viverrini progranulin peptide stimulates the proliferation of human cholangiocytes in vitro.
H69 cells were incubated with 0.8 and 1.6 um of Ov-PGRN synthetic peptide and observed cell relative
proliferation at 24 and 48 h. Recombinant Ov-GRN-1 expressed from E. coli and refolded to an active form at 0.2
pm to stimulate cell proliferation is a positive control. (A) H69 cholangiocytes cultured in the presence or absence
of progranulin peptide. Scale bar is 50 um. (B) Percent cell proliferation from different concentrations of peptide
on human H69 cholangiocytes using the MTT assay. Error bars reveal the standard error of triplicate biological
replicates. The symbols ** and **** denote statistical significance at the level of p < 0.01 and p < 0.0001,
respectively.
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Figure 6 Quantitative RT-PCR detecting relative gene expression levels of IL6 and IL8 in human
cholangiocytes, H69 incubated with Ov-PGRN -L627C641 peptide. The O.viverrini actin gene was used as
an internal control. *, **, *** Denoted statistical significance at the level of p < 0.05, p < 0.01 and < 0.001,

respectively.

Discussion

It has been well established that Ov-GRN-1,
liver fluke granulin, stimulates proliferation of
cholangiocytes lining the biliary tract 7,8,32. The
genome of O. viverrini contains two genes
encoding single granulin domains termed
Ov-GRN-1 and Ov-GRN-2 and also the multiple
granulin domain gene, Ov-PGRN'* The Ov-PGRN
glycoprotein exhibits homology to human
progranulin which has seven and a half
conserved granulin domains'"*. Here, we
described the intact progranulin from the
genome of O. viverrini, which we predict consists
of one half and seven complete tandem repeats
of a 12-cysteine module granulin domain and
one incomplete granulin domain. In addition,
we describe the predicted structure and likely
roles of the liver fluke PGRN.

The O. viverrini PGRN showed typical char-
acteristics of the repeat granulin motif. PGRN
from other species stimulate cellular
proliferation when intact or when cleaved into
single granulin units®®”. Detection of PGRN
transcripts in larval and adult stages of
O.viverrini revealed that intact PGRN is active.

Adult liver flukes graze on the biliary epithelium
where they secrete ES products and stimulate
a biliary mucosal immune response. Cell-
mediated immune responses were investigated
and showed that the animal infected with
O. viverrini has granulomatous inflammation of
bile duct by modified macrophage®. IL-6 and
IL-8 were increased in hamster and human with
hepatobiliary abnormalities®** Treatment with
PGRN showed decreasing of liver fibrosis and
inflammation in mice and macrophage®. While
intact human PGRN showed evidence of
suppresses inflammation by blocking TNF-a
receptors and signaling”. Proteolytic enzymes
degrade PGRN to granulin domain peptides
which may enhance inflammation by
stimulating the secretion of the chemokine
IL-8"°. Our findings revealed that Ov-PGRN
peptide increase expression of IL-6 and IL-8 that
may involve inflammation of bile duct. We note
that access to the genomic structure included
the sequences of the introns and exons of
Ov-PGRN gene will facilitate for programmed
gene editing and functional genomics analysis,
in like fashion to our studies of Ov-GRN-1".
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The excretory and secretory molecules of
the parasite directly promoting cell proliferation,
both innate and adaptive host inflammatory
responses in chronic infection contribute to
infection-induced malignancy™. Molecules in ES
products stimulate naive T-cell with Toll-like
receptor 4 signaling and express IL6 and IL8”".
Upregulation of the proinflammatory
transmembrane molecule, TLR4, has been
reported in cholangiocytes (H69 cells)
cocultured with ES products of O.viverrini*'.
TLR4 overexpression has also been observed in
the biliary epithelium of O. viverrini infected
humans in situ. The parasite products also
induce IkB-a degradation in a MyD88-dependent
manner and activate nuclear factor kappa B
nuclear translocation, leading to the increased
expression and secretion of the strong
chemoattractant chemokine IL-8 and
proinflammatory cytokine IL-6°'. TLR4 is a
transmembrane protein, member of the toll-like
receptor family, which belongs to the pattern
recognition receptor (PRR) family. Its activation
leads to an intracellular signaling pathway NF-KB
and inflammatory cytokine production which is
responsible for activating the innate immune
system.

Conclusion

These results demonstrated that Ov-PGRN
stimulated human cholangiocytes and initiate
innate mucosal immunity/inflammatory via TLR4
pathway. Given that progranulin of the
O. viverrini was identified in ES product and
seems involved in proliferation and
inflammation, future research should explore if
Ov-PGRN is involved in carcinogenesis similar to
the single granulin protein, Ov-GRN-1.
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Abstract

Background and Objective: O-GlcNAcylation is an important O-linked glycosylation of
nucleocytoplasmic proteins with a single molecule of N-acetylelucosamine. Aberrant
O-GlcNAcylation was found to promote the development and progression of cancer. In this study,
we have explored the role of O-GlcNAcylation in melanoma progression.

Methods: O-GlcNAcylation in MNT-1, a malignant melanoma cell line, was suppressed by a specific
siRNA against N-acetylglucosaminyltransferase (OGT), compared with siControl. Cell proliferation and
drug sensitivity were measured by SRB assay. Western blotting and immunofluorescent staining were
used to determine the level of O-GlcNAcylated proteins (OGP). The molecular mechanism was
explored by Western blotting.

Results: The level of OGP in MNT-1 was drastically reduced after treatment with siOGT compared
with control siRNA (siControl). Knockdown of OGT significantly suppressed the cell proliferation
ability of MNT-1 via inhibition of the Akt signaling pathway. The drug sensitivity assay revealed the
synergistic effect of siOGT with cisplatin against MNT-1 melanoma cells, suggesting the potential of
using OGT suppression for cisplatin sensitization for melanoma treatment.

Conclusions: This study has provided evidence to improve melanoma therapy via targeting O-Glc-
NAcylation, which is identified to be involved in melanoma cell proliferation and chemoresistance.

Keywords: O-GlcNAc transferase, O-GlcNAcylation, drug-sensitivity, melanoma
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Introduction

Glycosylation, the post-translational
modification of proteins and lipids by
oligosaccharides, is an important process
involved in many biological functions. Alteration
of glycosylation is considered a hallmark of
cancer, which play significant roles in tumor
development, progression, and therapeutic
resistance.”” O-GlcNAcylation is a reversible
O-linked glycosylation of proteins with a single
molecule of N-acetylglucosamine (GIcNAc). This
dynamic addition and removal of O-GlcNAc on
threonine residue of
nucleocytoplasmic proteins are regulated by
the function of O-GlcNAc transferase (OGT) and
O-GlcNAcase (OGA), respectively.’
O-GlcNAcylation is a critical regulatory
mechanism influencing various cellular

serine or

processes, including transcription, signaling,
protein stability, and cellular metabolism.*
Dysregulation of O-GlcNAcylation has been
implicated in many human diseases, including
cancer. Aberrant O-GlcNAcylation was observed
in various cancer types, and it exhibited a high
impact on tumor igenesis, cancer progression,
and therapeutic response.”® O-GlcNAcylation
was found to promote tumor progression by
several mechanisms, such as increased cell
proliferation, evasion of cell death, and
angiogenesis."® Emerging evidence suggests that
O-GlcNAcylation plays a crucial role in
modulating drug sensitivity in leukemia, breast
and liver cancer.’

In this study, we have explored the role of
O-GlcNAcylation in melanoma progression.
Specific siRNA against OGT was used to suppress
the O-GlcNAcylation in MNT-1 melanoma cell
line. Cell proliferation and chemosensitivity
were measured after O-GlcNAcylation
suppression. The information provided in our
study may strengthen our understanding of
melanoma biology and might be used as a
basic knowledge for improvement of melanoma
treatment in the future.

Material and methods

Melanoma cell line

MNT-1, a malignant melanoma cell line
obtained from ATCC cell bank, was maintained
in Dulbecco’s Modified Eagle’s Medium (DMEM,
Gibco, Grand Island, NY) supplemented with
10% heated inactivated fetal bovine serum (FBS,
Gibco, Grand Island, NY) and 1% antibiotic-
antimycotic (Gibco, Grand Island, NY). Cells were
incubated at 37°C in a humidified 5% co,
incubator and sub-cultured every 3 days using
0.25% w/v trypsin/EDTA.

Cell proliferation assay

The MNT-1 cells were seeded (10,000
cells/well) and overnight cultured in 24
well-plate, followed by transfection with 50
pmole of specific siRNA against OGT (siOGT,
target sequence: 5’-GCGUGUUCCCAAUAGU-
GUALtt-3") or negative siRNA control (siControl,
Qiagen, Hilden, Germany) using
lipofectamine-2000 (Invitrogen Corporation,
Grand Island, NY) with the manufacture’s
recommendation. Cell proliferation was
determined at 24, 48, and 72 hour after
treatment using the sulforhodamine B (SRB)
assay. " Briefly, the cells were fixed by cold 10%
trichloroacetic acid (TCA) for 30 minutes (min)
and washed 4 times with distilled water. The
TCA-fixed cells were stained with SRB for 30 min
and rinsed by 1% acetic acid to remove unbound
dye. The bound dye was solubilized by 10 mM
Tris buffer (pH 10.5) and an absorbance was
measured at 540 nm.

Chemosensitivity assay

After siRNA treatment for 24 hour, the cells
were treated by various concentrations (1, 10,
20, 50, 100 uM) of cisplatin (Cayman
Chemical, Ann Arbor, Michigan, USA). Cell
viability was measured at 48 hour after cisplatin
treatments, using SRB assay, compared with
vehicle control (0.2% DMSO treated cells).
Combination index (Cl) was calculated by The

ATUATUNS ST 2566; 38(Suppl) @ Srinagarind Med J 2023; 38(Suppl) 17



UNNUA MYIUNDT HaZANE e Nopkamol Kanchanangkul, et al.

Compu-Syn software (MIT, Cambridge, MA, USA).
The Cl < 0.9 means “synergistic effect”, Cl =
0.9-1.1 means “additive effect”, and Cl > 1.1
means “antagonist effect”.

Immunocytofluorescence (ICF)

Cells were seeded into a 24-well plate
followed by treatment with siOGT or siControl
for 24 hour. The cells were fixed by 4%
paraformaldehyde and permeabilized by 0.1%
Triton-X. Non-specific reactivity was blocked by
incubating with 3% BSA for 20 min. Cells were
overnight incubated with 1:1000 mouse
anti-O-GlcNAc (Clone RL-2, Thermo fisher
scientific, Rockford, IL, USA) at 4°C. After wash-
ing by PBS, the cells were probed with 1:500
Alexa 488-conjugated goat anti-mouse IgG
(Thermo fisher scientific, Rockford, IL, USA).
Nuclear staining was performed using 1:10,000
Hoechst 33342 (Thermo fisher scientific,
Rockford, IL, USA) in PBS. The fluorescent signal
was observed and photographed under a
fluorescent OR confocal microscope (Nikon,
Tokyo, Japan).

SDS-PAGE and Western blot analysis

The MNT-1 cells were seeded (75,000 cells/
well) and overnight cultured in 6 well-plate,
followed by transfection with siOGT or siControl
using lipofectamine-2000 (Invitrogen
Corporation, Grand Island, NY) with the
manufacture’s recommendation. Cells were
washed 3 times by PBS and lysed by RIPA buffer
containing protease/phosphatase inhibitor and
OGA inhibitor (PUGNAc). Cellular protein was
separated by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred onto PVDF membranes.
Membrane was blocked with 5% skim milk in
0.1% tween in tris-buffered saline (TBS-T) for 1
h at room temperature, followed by overnight
incubated with a mouse anti-OGT (1:200) or
mouse anti-OGP (1:1000), and rabbit anti-AKT
(1:1000) at 4°C. After complete incubation, the

membrane was washed by TBS-T and incubated
with horseradish peroxidase (HRP) conjugated
secondary antibody for 1 h at room temperature.
The immunoreactivity was detected by
Immobilon® Forte Western HRP Substrate (Mil-
lipore, Burlington, MA, USA), and visualized by
Amersham ImageQuant 800 biomolecular
imager (Cytiva, Marlborough, Results Way, USA).
Band intensity was measured using ImageJ
software.

Statistical analysis

Statistical comparisons between groups were
tested using the student’s t- test. p < 0.05 was
considered statistically significant. Values were
presented as the mean + SD. The data was
analyzed by GraphPad Prism® 9.0 software
(GraphPad software, Inc., La Jolla, CA, USA).

Results
Knockdown of OGT by siRNA could suppress
O-GlcNAcylation in MNT-1 melanoma cells.

To reveal the function of O-GlcNAcylation
in MNT-1 melanoma cell, siOGT was used to
suppress the expression of O-GlcNAc transferase
(OGT), an enzyme responsible for
O-GlcNAcylation. The results showed that, after
treatment by siOGT for 48 h, the expression of
OGT and O-GlcNAcylated protein (OGP) was
dramatically reduced (Fig. 1A-B).

Suppression of O-GlcNAcylation significantly
decreases cell proliferation via the AKT pathway.

The role of O-GlcNAcylation on cell
proliferation was determined at 0 — 72 hour
after siOGT treatment using SRB assay. The
results showed that siOGT significantly
suppresses the cell  proliferation of MNT-1
melanoma cell at 48 and 72 hour (Fig. 2A).
Moreover, Western blotting showed that
phosphorylation of AKT (s473) was significantly
suppressed after knock down of OGT (Fig. 2B).
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O-GlcNAcylation was involved in chemoresistance
of MNT-1 melanoma cells.

To study the role of O-GlcNAcylation in
chemoresistance, combinatorial effect between
siOGT and cisplatin was analyzed in MNT-1 cells.
Cells were treated by siOGT for 24 h followed
by cisplatin (20 and 80 uM) for additional 48 h.
The results showed that siOGT could enhance
the cytotoxic effect of cisplatin on MNT-1,
significantly. The cell viability of MNT-1 treated
by siOGT and 20 puM (69.25%) or 80 uM (51.43%)
of cisplatin was significantly lower than those
by siControl (94.36% of 20 uM cisplatin and

A B
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i.0 b

1.0 0.5
[ 4

oGP

1—
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1% ]

68.92% of 80 uM cisplatin) (Fig. 3).

The determine the degree of drug
combination between siOGT and cisplatin, the
combination index (Cl) was calculated. The Cl
was 0.1 for combination of siOGT with 20 uM
cisplatin and 0.005 for combination of siOGT
with 80 pM cisplatin, this information suggested
that siOGT and cisplatin showed a synergistic
effect (Table 1).

Dose reduction index (DRI): DRI < 1 Not
favorable dose-reduction, DRI = 1 No
dose-reduction, DRI > 1 Favorable dose-
reduction

OGP

Figure 1 Effect of siOGT on O-GlcNAcylation in MNT-1 melanoma cell. After 48 h of siOGT treatment, compared
with siControl (SC), the expression of OGT and OGP was determined by (A) Western blotting and (B) immunoflu-
orescent staining demonstrated the expression of OGP (green). Hoechst 33342 (blue) was used for nuclear staining.
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Figure 2 Effects of siOGT on cell proliferation of MNT-1. (1) SRB assay was used to determine the proliferation
of MNT-1 cell after knockdown of OGT (0 — 72 hour, compared with siControl (SC). (B) After OGT knockdown for
24 h, Western blotting was used to determine the level of OGT, phosphor-Akt (s473), Akt, and GAPDH (internal
control). The result presented here a representative from at least two independent experiments. * = p < 0.05,

= 1 < 0.001.
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Figure 3 Combination effect of siOGT and cisplatin. MNT-1 cell were treated by 50 pmole siOGT 24 h
followed by cisplatin (20 and 80 uM), cell viability was measured by SRB assay at 48 h after treatment.
Cells treated with 50 pmole Control, instead of siOGT, we used as a control. Results showed here were
averaged from three independent experiments. * = p < 0.05, compared with siControl treated cells.

Table 1 Combination Index (Cl) between siOGT and cisplatin on MNT-1 cells

Dose Dose Fa Cl DRI
Cell lines siOGT Cis Interpretation SiOGT Cisplatin
(pMol) (uM)
20 0.307 0.11508 Synergistic effect 8.95 296.83
MNT-1 50
80 0.486 0.00544 Synergistic effect 193.01 3918.30
Discussion Previous reports showed that the proliferation

O-GlcNAcylation is important post-
translational modification to regulate the
function of nucleocytoplasmic proteins. In
this study we have explored the role of
O-GlcNAcylation in melanoma. We found that
O-GlcNAcylation was involved in proliferation
of melanoma cells via regulation of Akt signaling
pathway. Moreover, suppression of OGT could
synergistically enhance the sensitivity of
melanoma cell to cisplatin. This information
suggested the potential of O-GlcNAcylation to
be a target for treatment of melanoma.

Similar to our study in melanoma, the role
of O-GlcNAcylation in cell proliferation was also
previously reported in other cancer types, such
lung cancer, colon cancer, and gastric cancer.'*"
O-GlcNAcylation was found to regulate cell
proliferation through Akt signaling pathway.

of cancer cells is controlled by Akt
phosphorylation at s473."*" Interestingly, Akt
was previously found to be regulated by both
phosphorylation and  O-GlcNAcylation."*'" It is
interesting to explore the mechanism by which
O-GlcNAcylation regulates Akt signaling pathway
in melanoma cells, this information may provide
us the new information on melanoma biology,
leading to the novel treatment strategy in the
future.

O-GlcNAcylation was shown in our study to
be involved in chemoresistance of melanoma.
There are some reports showed that
O-GlcNAcylation is involved in chemoresistance
of leukemia, breast and liver cancer.” However,
the mechanism by which O-GlcNAcylation
regulates drug resistance is not clearly
understood. The further study to explore how

20 AUATUNT YIS 2566; 38(Suppl) @ Srinagarind Med J 2023; 38(Suppl)
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O-GlcNAcylation regulates chemoresistance is
needed.

In conclusion, we have demonstrated the
roles of O-GlcNAcylation in proliferation and
chemoresistance of melanoma. This information
might be used as a basic knowledge for
developing melanoma treatment strategy in the
future.
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Abstract

Background and objective: Klebsiella pneumoniae is a common multidrug resistant gram-negative
bacterium basically causing majority of nosocomial infections. Colistin resistant K. pneumoniae has
been posing a matter of a great concern because it is a resort drug treating eram-negative infection.
The aim of this study was to determine genotypic identification of clinical isolates K. pneumoniae.
Methods: Antibiotic susceptibility was determined by broth microdilution method. Whole genome
sequencing was performed on nineteen K. pneumoniae isolates. Three different computational
tools were used for species identification including Kraken2, 16s rRNA, and MLST.

Results: Based on phenotypically, nine of them are resistance to colistin while the other ten are
sensitive to colistin. We found two isolates S9 and S29 that identified as other species rather than
K. pneumoniae. Based on Kraken2 and 16s rRNA, S9 and 529 were identified as K. quasipneumoni-
ae. Unfortunately, we found a non-concordant result between these analysis tools in one isolate.
With Kraken2 and 16s rRNA results, S9 isolate identified as K. quasipneumoniae while MLST identi-
fied as K. pneumoniae. Based on phylogenetic analysis, S9 and S29 is actually K. quasipneumoniae
since it is misidentified by MLST and other laboratory methods. Four of nine colistin-resistant
K. pneumoniae isolates (44.44%) were ST147 which is an antimicrobial-resistant high risk
K. pneumoniae.

Conclusions: These results suggested the limitation in routine laboratory methods in identifying K.
pneumoniae and other phylogroups. At the same time, genotyping identification using WGS-based
data highlights it potential in discrimination of these phylogroups of K. pneumoniae. The emerging
of antimicrobial-resistant high-risk K. pneumoniae distribution should be concerned.

K.pneumoniae®’. K.pneumoniae is
phylogenetically closely related to
K. quasipnuemoniae and K. variicola.

Introduction
Klebsiella pneumoniae is considered as a
severe opportunistic pathogen contributing
commonly to health care associated infections
(HAI) which accounts up to 10% of all
nosocomial infection. High mortality and
morbidity rate due to K. pneumoniae infections

K. pneumoniae complex were taxonomically
classified as KPI (K. pneumoniae), KPII
(K. quasipnuemoniae), Klll (K. variicola)’. Some
traditional microbiology laboratory methods are
not able to correctly identify these phylogroups
since their biochemical profiles are similar®’.

in hospitalized patients or immunocompromised

individuals were reported  globally'. Notably

K. pneumoniae was included in ESKAPE Incorrect identification of K. pneumoniae

complex by MALDI-TOF has also been

pathogens (Enterococcus faecium,

Staphylococcus aureus, K.pneumoniae,
Acinetobacter baumannii, Pseudomonas
aeruginosa, and Enterobacter spp.) which
considered a great threat as each of them
resistance to one or more antibiotic due to
horizonal gene transfer (HGT) and mutation on
chromosome. Taken as an example, colistin
which is a last resort antibiotic against gram-
negative infection has been widely reported in

reported®’.

The advance approach of whole genome
sequencing (WGS) has been improved in both
cost and turnaround time gaining its accessible
as a potential tool in microbiology either used
in outbreak management, identifying pathogens,
or surveillance in epidemiological®’. In this study,
our aim was to use WGS-based data to identify
K. pneumoniae isolates.
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Methods

Bacterial strains

Nine isolates of colistin-resistant
K. pneumoniae and ten isolates of colistin-
sensitive K. pneumoniae were isolated and
identified by MULDI-TOF MS (Bruker) from
clinical samples from Srinakarind Hospital, Khon
Kaen University, Thailand and were stored in
glycerol at -80°C. All isolates were subcultured
on blood agar and incubated at 37 °C for 18-24
hr.

Antibiotic susceptibility test

Antimicrobial susceptibility test of
K. pneumoniae isolates were performed using
automatic broth microdilution (Sensititre,
Thermo Fisher scientific). Briefly, a single colony
was simply inoculated in 2 ml of Mueller Hinton
broth (MHB) and incubated at 37°C for 2 h.
Bacteria solution was then adjusted to
McFarland no. 0.5 using normal saline. Ten
microliters of the adjusted inoculum was added
to 10 ml of commercial MHB. Fifty-microliter
was subsequently added into a commercial
96-well plate. Bacteria growth was observed
after 18-24 hr of incubation. According to CLSI
M100- S30 regarding to colistin breakpoints, a
MIC = 2 pg/ml was interpreted as intermediate
susceptibility, and MIC of > 4 pg/ml was
considered as resistance (CLSI. Performance
standards for antimicrobial susceptibility testing.
In:Edited by Institute CLS, 30" edn; 2020.)

DNA extraction and whole genome sequencing
Genomic DNA was obtained by
cetyltrimethylammonium bromide (CTAB) DNA
extraction method ". This method primarily
involves with the disruption of bacteria
membrane by incubating with 10 pg/ml lyso-
zyme overnight. Other lysis detergents were
used including 10% sodium dodecylsulfate
(SDS), proteinase K, and CTAB/NaCl. Chloroform/
isoamyl and NaCl 5 M in CTAB protocol helped
to remove and separate protein binding with

DNA. Cold absolute ethanol was added to
precipitate DNA. Precipitated DNA was
suspended in TE buffer.

Extracted DNA was subjected for short read
whole genome sequencing with Hiseq Illumina
platform. Quality score of raw reads were
checked by Fast QC. De novo assembly were
performed with SPAdes (http://cab.spbu.ru/
software/spades/). Kraken2 and 16s rRNA were
used to identify organisms. Multilocus sequence
typing (MLST) was determined using stringMLST
(http://jordan.biology.gatech.edu/page/soft-
ware/stringmlst/).

Results

Antibiotic susceptibility test
AWl K. pneumoniae was determined colistin
resistant phenotype after subculture by
microdilution method using Sensititre. Nine
isolates K. pneumoniae (R1, R2, R3, R4, R6, R7,
R8, R11, R14) showed MIC of colistin >8 ug/ml
and reported as colistin resistant isolates. Ten
isolates K. pneumoniae (S2, S4, S7, S8, S9, S14,
S15, S22, S23, S29) showed MIC of colistin <2
pg/ml and reported as colistin sensitive isolates.

Genetic feature

The total genome sequences of nineteen
K. pneumoniae strains are minimally of
14,433,184 to maximumly 18,483,536 bp with
read depths 407x to 521x. The sequence length
is 150 bp with percentage of G+C of 53 to 58.
The overall average quality score of all sequenc-
es is 36.

Genotypic identification

Of all twenty K. pneumoniae isolates,
Kraken2 and 16s rRNA identified as other species
with two-isolate. Genotypic identification of two
isolates (S9 and S29) were revealed as
K. quasipnuemoniae (Table 1). However, the
MLST result revealed an S9 as ST571 which
classified in K. pneumoniae sequence type. Four
of nine colistin-resistant K. pneumoniae isolates
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Table 1 Species identification by routine laboratory methods and bioinformatic tools (Kraken2,

16s rRNA and MLST)

Isolates ID

Laboratory
identification

Kraken2

16s rRNA

MLST
(K. pneumoniae)

R1
R2
R3
R4
R6
R7
R8
R11
R14
S2
S4
S7
S8
59
S14
S15
522
523

529

K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae

K. pneumoniae

K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae

K. pneumoniae

K. quasipneumniae

K. pneumoniae
K. pneumoniae
K. pneumoniae

K. pneumoniae

K. quasipneumniae

K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae
K. pneumoniae

K. pneumoniae

K. quasipneumniae

K. pneumoniae
K. pneumoniae
K. pneumoniae

K. pneumoniae

K. quasipneumniae

ST147
ST16
ST147
ST11
ST340
ST16
ST147
ST37
ST147
ST1741
ST219
ST1686
ST54
ST571
ST54
ST163
ST29
ST37

unknown

Tres mcai 08—

Filed chalia £p
0 x#
[ w#
|:|rﬂ=
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Figure 1
K. pneumoniae isolates against reference
KPI, KPIl and KPIII. KPI
(K. pnuemoniae) represents in pink, KPII
(K. quasipneumoniae) shows in blue and
KPII (K. variicola) displays in green.

genomes:

Phylogenetic analysis of
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(44.44%) were ST147 which is an
antimicrobial-resistant high risk K. pneumoniae.
Colistin-sensitive K. pneumoniae has various
MLST type, it indicating they have high variation.
To construct phylogenetic tree, we used
references genomes of K. pneumoniae (KPI), K.
quasipneumoniae (KPIl), and K. variicola (KPIII).
The results of phylogenetic analysis
demonstrated 17 isolates are closely related to
KPI. Two isolates (S9 and S29) are
phenotypically related to KPIl that relevant with
Kraken2 and 16s rRNA results as Figure 1.

Discussion

The worldwide spread of multidrug-resistant
K. pneumoniae is a major global health issue.
K. pneumoniae is one of the worrisome
pathogens associating with high mobility and
mortality due to limit of available antibiotic in
pipeline to tackle such infections™. A precise
identification of K. pneumoniae is a crucial
factor to improve in both treatment and
managing in tracking their source and spread. In
our study, we performed short read whole
genome sequencing to characterize on nineteen
K. pneumoniae isolates.

All of nineteen K. pneumoniae isolates are
phenotypically resistance to number of tested
antibiotics. It is noteworthy that by using WGS-
based datawe identified two isolates as
K. quasipneumoniae by using Kraken2 and 16s
rRNA. Part of genotypic identification, MLST is
not able to distinguish K. pneumoniae and K.
quasipneumoniae sequence type leading to
misidentification of these two species. Both K.
quasipneumoniae and Kvariicola has been
revealed with matching alleles as well as
capsule genotype with K. pneumoniae that may
contribute to an inaccurate identification'’.
Laboratory methods including MALDI-TOF and
PCR remain restraining in detecting
K. pneumoniae complex "', Only
K. pneumoniae and K. variicola databases were

included in Bruker database. Hence, this
limitation makes it hard to distinguish other
species or phylogroups of K. pneumoniae
complex’. There is an enormous global public
health burden due to antimicrobial resistant
(AMR) K. pneumoniae high-risk clones i.e. ST147
and ST307. K. pneumoniae are increasing
globally and both clones are associated with
ESBLs and carbapenemases. ST147 is endemic
in India, Italy, Greece, and certain North African
countries and has been introduced into regions
of non-endemicity, leading to worldwide
nosocomial outbreak™.

Conclusion

Our findings indicate a drawback in routine
microbiology methods in identifying K.
pneumoniae complex as K. pneumoniae is
frequently masking the true causative
pathogens. MLST may be mistakenly
misidentify between K. penumoniae and K.
qguasipneumoniae although genotyping method
is considered as a reliable tool to detect K.
pneumoniae as well as other phylogroups.
Overall, strategy and action are required to
improve the detection methods and to control
the spread of antibiotic resistance.
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Abstract

Background and objective: Burkholderia pseudomallei is the causative agent of melioidosis, a
potentially fatal infectious disease worldwide. The disease has a high mortality rate if appropriate treatment
is delayed. B. pseudomallei biofilm has been reported as a virulence factor to promote pathogen resistance
against host immune response and antibiotics and correlate with relapse melioidosis. Previous research
has shown that B. pseudomallei H777, a biofilm producing strain co-cultured with human
polymorphonuclear neutrophils (PMNs) in Roswell Park Memorial Institute (RPMI) medium induced
neutrophil extracellular traps (NETs) but failed to eradicate the pathogen. The aim of this study was to
examine the biofilm formation ability of B. pseudomallei in cell culture medium and optimize the
bacterial inoculum for further study to investigate the effects of NETs on B. pseudomallei biofilm formation.
Method: B. pseudomallei was cultured in RPMI or Dulbecco’s Modified Eagle media (DMEM) with or
without 10% calf bovine serum, in comparison to Luria-Bertani (LB) broth. The inoculum of
B. pseudomallei H777 at optical density 600 nm (ODéOO) of 1 and 0.1 were examined to determine the
optimal conditions for further study in the co-cultivation with PMNs, considering the potential enhancement
through constitutive DNA effects from NETSs.

Results: B. pseudomallei H777 cultured in RPMI or DMEM with or without serum, failed to exhibit biofilm
formation. In contrast, biofilm formation was observed when cultured in the control LB medium.
Additionally, a similar biofilm formation was demonstrated when using B. pseudomallei starter culture at
OD_ 0.1 and 0.1 in LB medium (p = 0.0799).

Conclusion: LB medium promotes biofilm formation of B. pseudomallei, while RPMI and DMEM media,
with or without serum, do not. Cultivating B. pseudomallei starter cultures at oD 0.1is suitable for
co-cultivation with PMNs to investigate the impact of NETs on biofilm promotion in B. pseudomallei.

Keywords: Burkholderia pseudomallei, cell culture medium, biofilm formation
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Introduction

Melioidosis is a potentially fatal infectious
disease that affects people and animals in
Southeast Asia and Northern Australia'. This
disease is caused by the environmental
Gram-negative bacterium Burkholderia
pseudomallei, which enters the human body
through various routes of exposure including
skin wounds, inhalation, or ingestion'. The
presentation of the disease can vary widely,
ranging from mild localized infection to severe
sepsis, pneumonia, and abscesses in multiple
organs °. B. pseudomallei has been reported to
possess various virulence factors including
biofilms, which have been associated with
antibiotic resistance’ and relapse melioidosis".
This indicates the important roles of biofilms in
the persistence and resistance of
B. pseudomallei, which significantly impacts
treatment difficulty and disease severity.
Furthermore, extracellular DNA (eDNA) was
evidenced as a fundamental component during
bacterial cell attachment and biofilm-forming
steps of B. pseudomaller’.

Neutrophils are the initial line of defense
cells against bacterial infection through
phagocytosis, degranulation, and the release of
neutrophil extracellular traps (NETs)°. The
formation on NETs, which contain DNA, histones,
and antimicrobial proteins trap pathogens and
eradicate the pathogen by the action
antimicrobial proteins’. Recently, Khamwong
and colleagues demonstrated that
B. pseudomallei biofilm phenotype stimulated
NETs that contain a higher amount of
extracellular DNA (eDNA) compared to the
biofilm mutant®. However, B. pseudomallei
entrapped with NETs escaped neutrophil killing.
Currently, there is no data on the impact of
eDNA from NETs on B. pseudomallei biofilm
formation ability. Therefore, further investigation
is required, involving the co-cultivation of B.
pseudomallei with PMNs to induce NETs

formation and release eDNA, potentially leading
to the stimulation of biofilm formation. The
objective of this study was to compare the B.
pseudomallei biofilm formation when culture
in the commonly utilized nutrient-rich media
for mammalian cells, Roswell Park Memorial
Institute (RPMI)-1640 and Dulbecco’s Modified
Eagle media (DMEM), with Luria-Bertani (LB)
broth. In addition, the study examined the two
different starting cultures of at ob L
commonly employed for biofilm formation
assays, and 0.1, which suitable for co-cultivation
with polymorphonuclear cells (PMNs). These
experimental investigations here provide the
optimize conditions of co-cultivation between
B. pseudomallei and PMNs for further examina-
tion of the influence of NETs in promoting
biofilm development of B. pseudomallei.

Materials and methods
Ethics approval
This study was approved by Khon Kaen
University Ethics Committee for Human Research
(HE651392).

Bacterial strain and growth curve

B. pseudomallei H777, a moderate
biofilm-producing clinical isolate (Melioidosis
Research Center, Khon Kaen University)’ was
cultured from glycerol stock (-80 °C) on Ashdown
agar at 37°C for 48 h. A single colony was then
inoculated into 3 ml LB broth and incubated at
37 °C, 200 rpm for 18 h. The bacterial suspension
was adjusted to OD_ 0.1 (approximately 10’
colony forming unit per milliliter (CFU/mU)) as
the inoculum. The 2% inoculum was then grown
in 50 ml LB broth and further incubated at 37
°C, 200 rpom. The bacterial culture was taken
at 0, 2, 4, 6 and 8 h to obtain OD600
measurements and enumeration by the drop
plate technique on LB agar plates, which were
incubated at 37 °C for 24 h. The 0D, and CFU/
ml data were then used to construct a
bacterial growth curve.
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RPMI-1640 and DMEM preparation

RPMI-1640 and Dulbecco’s DMEM powdered
media (GibcoTM CellCite) were prepared and
adjusted to pH 7.0-7.4 with 1 M HCl or 1 M
NaHCO, before filtered sterile and checked for
the sterility incubation at 37 °C for 48 h.
Complete media RPMI (cRPIM) and DMEM
(cDMEM) were prepared by adding 10% heat-
inactivated (56 °C for 30 min) fetal bovine serum
(FBS, GibcoTM CellCite).

B. pseudomallei biofilm formation assay using
crystal violet staining

The biofilm formation of B. pseudomallei
was assessed following the methodologies
established in previous publications by
Taweechaisupapong, et al.” and Kunyanee, et
al.'? with slightly modifications. In summary, B.
pseudomallei was cultured in LB broth at 37 °C,
200 rpm for 18 h to obtain an oD, 1
(approximately 1 x 10° cells/ml). The bacterial
suspension was centrifuged at 3,000x ¢ for 5
min and washed twice with 1x phosphate-
buffered saline (PBS). The cells were then
resuspended in LB, RPMI, cRPMI, DMEM and
cDMEM, and adjusted to an OD600
approximately 1 and 0.1 as the biofilm inoculum.

Two hundred pl of B. pseudomallei in LB,
RPMI, cRPMI, DMEM and cDMEM at OD600 1 and
0.1 were added into each well of a 96-well plate.
Following an incubation for 3 h, the planktonic
bacterial cells were carefully removed. The
adhered biofilm was washed with 200 pl of 1x
PBS. Subsequently, 200 ul of fresh media was
added to each well, and the plate was
incubated for an additional 21 h. After
discarding the planktonic cells and another
round of washing using sterile distilled water,
200 pl of fresh media was added to each well,
and the plate was further incubated for an
additional 24 h. The quantification of 48-h B.
pseudomallei biofilm formation was performed
using crystal violet staining.

The 48-h biofilm formation was fixed with
200 pl of 99% methanol per well for 15 min
before air-dried at room temperature. Then, the
biofilm was stained with 200 ul of 2% crystal
violet for 5 min. The excess stain was removed
with running tap water. After air-drying, the dye
bound to the adherent bacterial cells in each
well was solubilized using 200 ul of 33% (v/v)
glacial acetic acid. Subsequently, the solubilized
solution was examined at the absorbance 620
nm (A_ ) using Varioskan Flash Multimode Read-
er (Singapore) with Skanlt Software 2.4.3 RE for
Varioskan Flash.

B. pseudomallei growth in LB, RPMI, and DMEM
media

The bacterial suspension of
B. pseudomallei H777 (OD_ ~0.1) was
inoculated at a concentration of 2% into LB
medium and incubated at 37°C with agitation
at 200 rpm for 6 h. Following incubation, the
bacterial suspension was centrifuged and
washed twice with PBS before being
resuspended in LB, RPMI, and DMEM media,
utilizing an initial inoculum of OD,, 1and0.1.
Subsequently, two hundred pl of
B. pseudomallei in LB, RPMI, and DMEM were
added into each well of a 96-well plate and
incubated at 37°C, for 48 h. Bacterial growth
measurements were determined at 0, 3, 24, and
48 h using Varioskan Flash Multimode Reader
(Singapore) with Skanlt Software 2.4.3 RE for
Varioskan Flash.

Statistical analysis

The statistical analysis was performed using
Statistics Package for the Social Sciences (SPSS)
program version 23 (SPSS Inc., Chicago, IL, USA).
Data was analyzed for statistical significance
using the one-way ANOVA. A statistically
significant difference will be considered at *
p < 0.05.
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Results

B. pseudomallei H777 growth curve in LB media

The growth kinetics of B. pseudomallei HT77
in LB media were examined at 0, 2, 4, 6 and 8
h. The CFU/ml and OD600 values were
recorded and represented in Fig. 1A and 1B. The
bacterial mid-log phase of B. pseudomallei HT 77
in LB was demonstrated between 4 and 8 h.
The regression analysis of CFU/ml and oD,
exhibited a strong and significant correlation
(R-square of 0.9866).

The B. pseudomallei H777 inoculum of OD600 1 and
0.1 exhibited similar biofilm formation ability
The biofilm formation ability of
B. pseudomallei H777 using the start inoculum
of OD_, 1 and 0.1 exhibited similar biofilm for-
mation (p = 0.0799) (Fig. 2). Based on these
results, it can be concluded that
B. pseudomallei H777 at OD_, 0.1is suitable
for further investigation regarding to the biofilm
formation assay after co-cultivation with PMNs.
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B. pseudomallei H777 biofilm formation in LB but
not in RPMI, and DMEM media with and without
10% FBS

The ability of B. pseudomallei H777 to form
biofilm was examined in different media, includ-
ing LB, RPMI, cRPMI, DMEM, and cDMEM. The
results demonstrated that B. pseudomallei H777
biofilm formation was observed in the control
LB medium, whereas it was not detected at A620
in RPMI, cRPMI, DMEM and ¢cDMEM media (Fig.
3 and 4).

B. pseudomallei H777 growth in LB, RPMI, and
DMEM media

The growth of B. pseudomallei H777 was
observed during incubation in LB, RPMI, and
DMEM media to assess its growth ability in
different conditions. The OD_  measurements
were taken at 0, 3, 24, and 48 h. The results
demonstrated that B. pseudomallei H777 in LB
showed an increase in ODéOO, while
B. pseudomallei H777 in RPMI, and DMEM
remained stable (Fig. 5). The results indicated
that B. pseudomallei H777 can grow in LB but
not in RPMI and DMEM media.

B

[} 2 4 & p: 10
Time (k)

v=526=04 x10% x
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LR

Figure 1 B.pseudomallei H777growth curves measured as CFU /ml versus time (A), OD_ versus time (B) and the

regression graph of CFU/mland OD_ (C).
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Figure 2 The 48-h B. pseudomallei H777 biofilm
formation in LB using start inoculums of OD600 1 and
0.1.
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Figure 4 Biofilm formation of B. pseudomallei H777 in
LB, cRPMI, and cDMEM media at 48 h using start

inoculums of OD600 =1and0.1.
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Figure 3 Biofilm formation of B. pseudomallei HT77
in LB, RPMI, and DMEM media at 48 h using start
inoculum of ODéOO: 1 and 0.1.
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Figure 5 B. pseudomallei H777 growth measurement while cultured in LB, RPMI, and
DMEM at 0, 3, 24, and 48 h using initial inoculum at OD600 =1and0.1.
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Discussion

Co-cultivation of B. pseudomallei with PMNs
in RPMI medium resulted in the induction of
NETs*'". However, despite the formation of NETs,
the pathogen was not eradicated®. This study
demonstrated that B. pseudomallei biofilm
formation was observed when cultured in LB
but not in RPMI or DMEM. Nevertheless, a
starting inoculum of B. pseudomallei at OD_
0.1 can be used for the co-cultivation with PMNs.
The biofilm formation of B. pseudomallei in LB
in this study is consistent with previous reports
> 1% However, the inability to form biofilm
formation when cultured in RPMI and DMEM
with or without 10% FBS, may due to the
presence of abundant amino acids, vitamins,
and inorganic salts that not favorable for
bacterial growth and biofilm formation' that
corroborate with previous observation by
Kaewpan and colleagues®. Additionally, the
presence of fetal bovine serum significantly
reduced the biofilm development in
Pseudomonas aeruginosa when cultured in M9
minimal medium™. Ding and colleagues also
demonstrated a significant decrease in biofilm
development of Candida albicans in RPMI
medium, with or without 3-5% human serum®.
These findings indicate that RPMI and DMEM
media, with or without 10% FBS, are not suitable
for conducting the biofilm formation assay for
B. pseudomallei. Therefore, the co-cultivation
experiments of B. pseudomallei and PMNs will
be conducted in cRPMI medium using an initial
inoculum of OD, , 0.1 to stimulate NETs
formation. Subsequently, LB medium will be
substituted for the purpose of B. pseudomallei
biofilm formation.

Conclusion
An initial inoculum of B. pseudomallei at
oD, 0.1 will be employed for the co-cultivation
with PMNs to stimulate NETs formation.
Subsequently, LB medium will be replaced in
order to enhance the formation of

B. pseudomallei biofilm to elucidate the
potential influence of PMN on biofilm formation
of B. pseudomallei in our further investigation.
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Abstract

Background and objective: The Cancer Anywhere policy of the National Health Security Office is
offered for cancer patients to access treatment faster. Srinagarind hospital has the potential for
diagnosis, treatment, and monitoring of various types of cancer. In multiple myeloma (MM), it is
necessary to test serum protein electrophoresis (SPE) and immunofixation test (IFX) to support the
diagnosis. Turnaround time (TAT) for SPE 30 days was a negative effect in new cases of MM. The
objective of this study was to develop the process of analysis and reducing the TAT for completing
report SPE and IFX within 14 days, that effectively support the diagnosis, treatment, and monitoring.
Methods: The study was descriptive study in patients who has SPE and IFX test between January
to June 2023 for workload analysis, related other laboratory tests, and appropriate technology and
lean were considered for improvement of the duration time of the detection and report.

Results: A total request of 205 patients from SPE and IFX, the most common diagnosis was MM
(56.6%, N=116). SPE and IFX did 327 and 326 test, respectively. The systematic improvement, SPE
and IFX could be concluded and reported in a one-page report, also with M-protein level for
treatment monitoring. The comparison of two periods, January to June 2022: SPE had TAT 30 days,
reported on schedule 40%. While the new system started in August 2022 to January 2023: SPE had
TAT 14 days, reported on schedule 92.3% which was a significant difference (p<0.05).

Conclusion: The reduction of TAT could maximize the benefits for MM patients to an early start of
the therapeutic, in accordance with the policy of the Ministry of Public Health.

Keywords: serum protein electrophoresis, immunofixation test, Multiple myeloma turnaround time
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Abstract

Background and Objective: The Immunology and Clinical Chemistry Laboratory in Srinagarind Hospital were
worked under the total lab automation (TLA) that were certified international standards (IS015189/1SO15190).
Moreover, all laboratory processing was used the many special software such as hospital information system (HIS)
and laboratory information system (LIS) that the big data of service system need to summarized for data
visualization setting and performance metrics reporting. This study aimed to develop the business intelligence (BI)
application of clinical chemistry and immunology laboratory for preparation of the decision supporting system
(DSS) data.

Materials and Methods: We used the JavaScript language, MySQL and the Tableau for web applications
development. The difference percentage of the data conclusion between Bl application and LIS (plus paper
document) were compared in Jan to Dec 2022.

Result: Developed two Bl applications: 1) www.rocheflexstat.com for key performance index (KPI) reporting from
the LIS system and 2) www.laboratorymis.com for visualization setting from the document data. Both of Bl were
summarized the data in 6 items as follows: 1) Laboratory turnaround time 2) Rate of laboratory testing 3) Rate of
specimen containers consuming 4) Profit and cost summary 5) conclusion of the risk management system 6) stock
management system. Therefore, the data correlation between Bl application and LIS (plus paper document) were
correlated to 100%. All the conclusion data were prepared to the decision supporting system (DSS) data.
Conclusion: This Bl application were used for reducing of laboratory workload and correctly summarized various
KPI data. Moreover, the transformation of documentation to complete visualization will be an important for
proper direction of medical laboratory service system

Keyword: business intelligence (Bl), total lab automation (TLA), laboratory information system (LIS)
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Lab TATby Test (A VG and 90P) Register Date / Month of Register Date
2022
Test Name January.. Februar.. March2.. April 20.. May 20.. June20.. July20.. August.. Septem.. October.. Novem.. Decemb.
Glucose Avg. LABTAT 47 46 45 38 40 36 36 36 36 34 35 33
(NaF)* Percentile (90) of LAB TAT 63 63 60 47 57 46 47 46 47 41 41 42
Glucose TO  Avg. LABTAT 64 50 51 53 63 33 33 68 60 35 56 48
Percentile (90) of LAB TAT 101 63 71 53 86 47 36 135 94 45 ok 64
Glucose Ava. LABTAT 167 174 167 160 155 168 148 178 165 181 158 145
T120 Percentile (90) of LAB TAT 215 238 180 160 188 179 199 235 205 204 179 172
Glucose Avg. LABTAT 291 284 306 285 270 306 535 286 282 358 263 275
1240 Percentile (90) of LAB TAT 329 319 343 285 338 340 1,051 311 314 484 281 300
Haptoglobin Avg. LABTAT 86 67 62 2,812 341 73 51 61 49 53 51 554
Percentile (90) of LAB TAT 129 105 119 12,989 290 149 L 97 75 76 68 1,141

3UN 3 uapedoyasvezamissieguaalasiae (i) uazuanddeyasziuniiiaunsesienuraiesas 90 ¥93518MS
o g 5 I3 U 1A = [
Vw5 (90 wWoasiulnd) dausifiou uns1au 89 Suanmu 2565

Test Count/Month Register Date
2022
Test Group Na.. TestName 2 January February March April May June July  August Septem.. October Novem.. Decemb..
Chemistry %Transferin sa.. 754 467 649 594 619 664 752 723 693 797 852 698
Albumin * 16,171 14,329 17,339 14,777 16,523 17,320 16,014 19,576 18,385 17,886 19,074 18,053
Alkaline Phosp..| 12,702 11,233 13,716 11,236 13,315 13663 12598 15,787 14,090 13,949 14,866 13,695
ALT (SGPT) * 15,178 13,548 16,358 13,643 15,535 15,858 14579 18,164 16,537 16,185 17,243 15,948
Ammonia 23 27 37 29 84 51 57 91 54 40 52 57
Amylase * 362 282 339 248 291 339 289 377 344 293 305 347
AST (SGOT) * 14,924 13,336 16,082 13,428 15,308 15642 14,348 17,903 16,338 15912 17,007 15,713
Immunology ACTH 43 57 58 42 55 27 46 7l 60 57 54 a7
AFP* 1455 1,334 1571 1,278 1558 1673 1376 1,672 1541 1485 1690 1,558
Aldosterone 35 36 31 31 36 50 29 28 45 51 34 57
Amphetamines 106 76 120 85 99 126 108 100 104 76 96 2l
ANF/ANA 179 23 174 T2 99 316 277 401 343 309 354 304
Anti-beta2-Gly.. 63 35 45 2 255 110 93 93 Al 99 118 70
Anti-beta2-Gly.. 62 35 45 2 32 109 94 93 S0 100 117 71

v
aa v [ Y I o i

JUN 4 uanoyaasUaiifgnnistiusnsnsameiesujuinisgiauiuiasialinddnaausiiiou unsiau G Suney
2565

Specimen count Register Date
2022
Specimen Abrr ..| January February March April May June July  August Septem.. October Novem.. Decemb.
EDTA_A1C 6,898 6.379 7,738 6,081 g 7.354 6,490 8,160 7,310 7,061 8,185 7.340
Fluid 362 297 353 413 379 375 477 418 413 466 424 474
NaF 10,435 9,637 11,607 9,495 11,090 11,069 10,244 12,785 11,634 11,099 12,053 11,357
Serum 37,836 32,760 39,906 33,210 37,408 39,079 36,952 43,877 41,428 39,874 42,764 39,591
Tissue it 1 6 2 il
U24Hr 364 281 362 257 296 276 236 337 331 294 344 281
Urine 2,533 2,102 3217 2,124 2558 2,486 2,405 2,720 2,608 2,564 2,946 2,360
CSF 79 117 124 78 97 153 135 121 153 141 151 135
EDTA 584 525 746 596 676 792 652 812 783 819 878 693

JUN 5 wansdeyaajlatifvesddmaialsaiaveng qaausideu unsiau fie 5w 2565
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January
Test Group Na.. TestN.. % Countof Key T.. TestReal Price TestStandard.. Test Profit Price
T3 226 27,788.96 33,900.00 6,111.04
T4* 198 24,346.08 29,700.00 5,353.92
Tacrolimus(.. 414 226,722.96 414,000.00 187,277.04
Testostero.. 165 38,5596.80 31,350.00 -7,246.80
Testostero.. 1 233.92 190.00 -43.92
Testostero.. 1 233.92 190.00 -43.92
Testostero.. 1 233.92 190.00 -43.92
Testostero.. 1 233.92 190.00 -43.92
Tetrahydro.. 34 1,659.54 4,930.00 3,270.46
Thyroglobu.. 374 75,159.04 149,600.00 74,440.96
Thyroglobu.. 395 125,787.75 158,000.00 32,212.25
Grand Total 447,729 12,930,689.13 25,469,300.00 12,538,610.87
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Stability Levels of Serum Glucose, Total Bilirubin and
Direct Bilirubin in Total Lab Automation with
Refrigerated Sample Store

Papawadee Hongart *, Prinya Prasongdee , Thipaporn Jaroonsirimaneekul, Napitta Buasri
Clinical Immunology and Chemistry unit, Clinical Laboratory Section, Srinagarind Hospital,

Faculty of Medlicine, Khon Kaen University, Thailand.

UNAAELID
NANNISHAZIN qﬂj d9f: Total lab automation (TLA) ‘I/liJﬁ’JuinﬂE)Uﬂ’lif\mLﬂUﬁl?E]EJ’]\‘ﬁ/iaﬂﬂﬁmi’Jf\]
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slucose , total bilirubin wag direct bilirubin Tudsun1elfiszuu total lab automationc WEaufessuy
ALiuAufing 1980l udR

A8n1sAnEN: L‘Uun’ﬁaaﬂLLUUmeaaﬂmwmaaq lagviin1Ivadeu internal quality control (1QQ),
external quallty assurance (EQA) wag laboratory total error of glucose, total bilirubin Wag direct
bilirubin LAUMBE19TIUIU 64 FIBE1 ﬁ]’]ﬂN‘U’JEJuaﬂ‘VlL‘U’]ﬂJWiUUiﬂﬁVl‘lﬂ‘lJ’JEJﬂiJmJﬂU’WlEﬂLL’duLﬂNﬂa‘Lm
1S9NEIVIAATUASENG ANTUNNYAERS UMM veuLAY (HE661363) maamaammﬂmwmm M99
Ansginglu 30 Windnevidonudwhnsasadnasiiine 2, 4, 6, 8 uay 24 FlumEmnnaiy
viaendendl ps01 tneld pair t test iunisnaaeu

NANSAN®EN: WUINTEAUVDY serum glucose, total bilirubin wag direct bilirubin Tufhegradeniiulin
P501 tJunan 24 Falus llusndnseghelidedfyainsegadendinsiataviud

agu: msﬂﬂmuiwmiauuauwmaaaimwmmmmmimmsmaaummmmﬂmu serum glucose, total
bilirubin wag direct bilirubin WuE 24 313
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Background and Objectives: Total Lab Automation (TLA) with post-analytical units are refrigerated
archiving systems (p501) offer more practical and sample stability benefits. In contrast to manual
storage systems, TLA with P501 indicate continuous motion of samples and may leave samples
prone to temperature fluctuations. This study investigates analyses stability of glucose, Total
bilirubin and Direct bilirubin in serum within an automated storage module.

Materials and Methods: This was an experimental design prospective study in which internal
quality control (IQC), external quality assurance (EQA) and Laboratory total error of glucose, total
bilirubin and direct bilirubin were tested. The 64 samples were collected from patients who
underwent examination in the immunology and clinical chemistry unit, Srinagarind Hospital, Facul-
ty of Medicine, Khon Kean University (HE661363). The blood samples were centrifuged and analyzed
within 30 minutes after collecting and left standing for 2, 4, 6, 8 and 24 hours at p501. After
standing, the samples were analyzed again that pair t test were test for comparison.

Results: The results showed that the value of serum glucose, total bilirubin and direct bilirubin
in blood samples left to stand for 24 hours at p501 were not significant different from the
immediately measured samples.

Conclusions: This study provides reliable support for ordering additional tests for serum glucose,

total bilirubin and direct bilirubin for up to 24 hours.

Key word: stability, blood chemical lever, time and temperature
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Fl9) neld Pair t test (p <0.05)
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nsnAgaualsAIvAuAMnInaTely (1QC)
319713 glucose, total bilirubin uay direct
bilirubin Wmmmmimaaumimmmmmwuu
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u,a‘vmmmt,mum Guaqmsmaaummwamﬂmiaa
ay duUszanianuulsusou (coefﬁoent of
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bilirubin wag direct bilirubin dA1 %CV WA
1.15-1.18 , 1.16-1.32 uaz 1.74-1.98 mudeiu 3
T3t 1 Tu 3 v09 allowable total error wagnanis
Nad@eu EQA wul1A1 SDI (standard division index)
YAIIIUNII79I9 glucose, total bilirubin Lag direct
bilirubin WA 0.02, -0.12 uay 0.16 AUEU B9
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allowable error (%) §3tia8n31A1 total allowable
error (%) Va4 CLIA haguad BV (mmﬁ 1)

NsAgEeU glucose lauNSUSBUBUNISNSIA
serum glucose Agalaesing 9 WisuBuiy NaF
glucose 71 0.5 F3lus WUINITR 599 serum glucose

7105, 2,4, 8 uay 24 Ty imummumﬂmaﬂu
pg19iltedAy (pair t test : p<0.05) i p value
WiINAU 0.273,0.914, 0.965, 0.339, 0.468 waz 0.193
AU (97971 2)

nsNAEaU total bilirubin InensiUSeuliiy
159539 total bilirubin fifalesing q Wisuileu
fiu total bilirubin i 0.5 Flas nUININTIa total
bilirubin 71 2, 4, 8 way 24 H2lue Lidauuansa
fupeafiuddey (pair t test : p<0.05) 7 p= 0.280,
0.461, 0.070, 0.102, w8 0.073 AUAIGU ((51’131\‘1‘171'
3)

n1snageau direct bilirubin IngnsiuSauiiigy
13M339 direct bilirubin fialusing 9 Wisuiey
iU direct bltlrubm 7 0.5 Hlus WUIINIIAT
direct bilirubin @ 2, 4, 8 uaz 24 F3lu9 SRR
waneafiuaeaiifuddy (pair t test : p<0.05) 7
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(P15797 4)

miw 1 LLammLaaa (mean) mwmmummcﬁm (SD) way %CV maamammmmmwmdu LagLand
AN mmasma:u (mean group) A1 lab result wazA1 SDI VBIANTAIUANAUNINAYUBN S3109A" total

allowable error (%) azA1 medical decision level

lab Total Lab Total
N13NAEdY #713AAUANAUAIN N Mean SD %CV - SDI  %Bias* Allowable Allowable
Error (%)  Error (%)
Glucose  1QC - Biorad Normal 32 11329 1311 1.15 - - -
IQC - Biorad Abnormal 32 347.09 4.12 1.18 - - - 10° 2.41
EQA-RIQAS 149  274.73 - - 275 0.02 0.1
Total IQC - Biorad Normal 39 2.73 0.06 1.32 - - -
PUUBIN - _Biorad Abnormal 39 634 019 116 - - - 20° 3.67
EQA-RIQAS 78 4.55 - - 4.5 -0.12 -1.09
Direct IQC - Biorad Normal a2 1.62 0.03 198 - - -
PUIUBIN - _Biorad Abnormal 42 323 005 174 - - - a4.5° 7.12
31 1.85 - - 1.91 0.16 3.24

* %bias = [(Lab result - EQA mean) / EQA mean] x 100 °Clinical Laboratory Improvement Amendments (CLIA),
®desirable BV: Desirable specifications for allowable total error, based on biological variability (BV)
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AN997 2 LAAINANIIATIVIN serum glucose NTLLIAN & LWIBUBUAU NaF glucose 91 0.5 ¥l

N Nal;r::(;l/::; > Serum Glucose (mg%)
0.5 hr. 0.5 hr. 2 hr. 4 hr. 6 hr. 8 hr. 24 hr.
Mean 104.24 104.50 104.25 104.20 103.96 103.85 104.58
SD 28.26 28.23 28.68 28.23 28.59 28.31 28.65
Max 207.60 208.20 209.00 209.20 210.20 211.70 210.70
Min 74.90 76.10 75.90 75.80 74.90 75.00 76.30
Pair T- test 0.273*% 0.914* 0.965% 0.339% 0.468* 0.193*

* 9UTBUTBU Serum Glucose (mg%) NTluesie ) AU NaF glucose 91 0.5 hr.

A1999 3 LERINanN15m3193A total bilirubin NFLaNANN 9 WIBULBUAUN 0.5 Falaa

Serum Total Bilirubin (mg%)
n=es 0.5 hr. 2 hr. 4 hr. 6 hr. 8 hr. 24 hr.
Mean 1.15 1.14 1.15 1.14 1.14 1.14
SD 242 241 2.43 2.44 2.43 2.44
Max 15.49 15.47 15.61 15.71 15.61 15.64
Min 0.20 0.21 0.19 0.18 0.19 0.20
Pair T- test 0.280** 0.461** 0.070** 0.102%* 0.073**

** nLUSEuLiisu Serum Total Bilirubin (mg%) N192L9s4 ¢ U7 Serum Total Bilirubin (mg%) 0.5
hr.

A9 4 MITNUAAINANITATIVTA Direct Bilirubin N197LNsNe ¢ WSsuiguiu 91 0 Falus

Serum Total Bilirubin (mg%)
n=es 0.5 hr. 2 hr. 4 hr. 6 hr. 8 hr. 24 hr.
Mean 0.74 0.75 0.75 0.75 0.75 0.74
SD 2.06 2.06 2.06 2.06 2.04 2.04
Max 12.50 12.41 12.41 12.33 12.26 12.32
Min 0.03 0.04 0.04 0.03 0.04 0.04
Pair T- test 0.238%** 0.089*** 0.051%** 0.9271%** 0.638%**

** N151USBULTIBU Serum Direct Bilirubin (mg%) M1lusing ¢ Ausl Serum Direct Bilirubin (mg%) %
0.5 hr.
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An Evaluation of Pooled Leukocyte Depleted Platelet
Concentrates and Pooled Leukocyte Poor Platelet
Concentrates in Platelet Additive Solution with Emphasis
on Anti-A and Anti-B Titer Levels in Group O Blood
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Abstract

Background and Objective: The shortage of platelet components is a frequent issue in every blood bank due to
a limited shelf-life of 5-7 days. Platelet component transfusion necessitates consideration of ABO blood group
compatibility. Generally, ABO-identical platelet components are firstly selected. However, during platelet shortage,
Minor incompatible platelet components with low-titer Anti-A/Anti-B (isohemagglutinins) can be safely utilized,
particularly if they are Group O components with low-titer isohemagglutinins. Such utilization could alleviate the
platelet shortage. Currently, Blood Transfusion Centre of the Faculty of Medicine at Khon Kaen University prepares
platelets by mixing them with a Platelet Additive Solution (PAS) in a 60% ratio to reduce plasma volume, thereby
reducing isohemagglutinin titer. This research aimed to determine the percentage of Group O platelet components
with low-titer isohemagglutinins prepared with the current Leukocyte Depleted Platelet Concentrates (LDPPC) and
Pooled Leukocyte Poor Platelet Concentrates (LPPC) in PAS methods.

Methods: A retrospective study of Blood Transfusion Centre data from the Faculty of Medicine at ~ Khon Kaen
University to establish the percentage of Group O platelet components prepared with LDPPC and LPPC in PAS
methods that have anti-A and anti-B titers less than or equal to 1:64.

Results: Out of 92 sets of LDPPC and 33 sets of LPPC prepared in PAS, totaling 125 sets, 123 (98.4%) and 125
(100%) sets respectively had Anti-A and Anti-B titers less than or equal to 64.

Conclusion: This study found that LDPPC and LPPC from Group O prepared in PAS reduced the plasma volume
mixed in the platelets, thus decreasing the titer levels. The majority had titer levels less than or equal to 64 (low
titer), allowing for transfusion to patients of any blood group. This can benefit resource management and ensure
patients receive sufficient platelets, both in size and volume, according to the doctor’s treatment.

Keywords: Pooled Leukocyte Depleted Platelet Concentrates (LDPPC), Pooled Leukocyte Poor Platelet
Concentrates (LPPC), low titer isohemagglutinin.
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Abstract

Background and objective: ABO-incompatible platelet transfusion is an alternative platelet therapy in situations with
insufficient platelet. Single donor platelets in platelet additive solutions (PAS) with low antibody titer of anti-A and/
or anti-B less than 64 are considered to use in this situation. The objective of this study is to compare platelet count
and transfusion reactions among ABO-compatible, major, and minor ABO-incompatible platelet transfusions.
Methods: A retrospective study of 330 patients of pediatric, medical and surgical patients transfused with ABO-
compatible, major, and minor ABO-incompatible platelet transfusions collected from blood transfusion Center,
Srinagarind Hospital, Faculty of Medicine, Khon Kaen University, was analyzed. The platelet count of patients was
analyzed before and after platelet transfusion by using an automated blood cell counter. Platelet transfusion reactions
were also recorded.

Results: The average changed platelet counts after transfusion of ABO-compatible, major, and minor ABO-
incompatible platelet transfusions were 22.5+30.7, 24.0+29.3, and 24.2+29.7 x 10> /mm’, respectively. No significant
difference in changed platelet count after transfusion among all patients of ABO-compatible, major, and minor
ABO-incompatible platelet transfusions was observed. Moreover, no significant difference in changed platelet count
after transfusion within pediatric, medical, and surgical patients with ABO-compatible, major, and minor ABO-
incompatible platelet transfusions was observed. Three events with two medical patients had transfusion reactions,
including an event with ABO-compatible platelet transfusion and two events with minor ABO-incompatible platelet
transfusion. No serious adverse transfusion reaction or acute hemolytic transfusion reaction (AHTR) were observed.
Conclusion: This study indicated that ABO-compatible and ABO-incompatible platelet transfusions have no different
results. ABO-incompatible single donor platelet transfusions with low antibody titer should be a choice in situations
with insufficient platelet and for effective platelet management to avoid expiration.

Keyword: low antibody titer, major ABO-incompatible, minor ABO-incompatible, single donor platelets in Platelet
Additive Solutions (PAS)
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Introduction

Srinagarind Hospital, Faculty of Medicine,
Khon Kaen University is a tertiary hospital in
northeastern Thailand. Blood transfusion center
is responsible for procuring and preparing
standard blood components sufficiently’ for the
patients admitted to the hospital. Blood
components are helpful for the prevention and
treatment of many diseases. However, blood
transfusion reactions may occur, such as
infection, hemolytic transfusion reactions, febrile
non-hemolytic transfusion reactions,
transfusion-related acute lung injury,
transfusion-associated circulatory overload,
allergic reactions, transfusion-associated
hypotension, and transfusion-associated graft
versus host disease”. Therefore, selective blood
component usage must be considered for
necessity, indication, and appropriate dose for
individuals effectively.

Platelet transfusion is indicated for the
prevention and treatment of bleeding in patients
with thrombocytopenia or platelet dysfunction”.
Single donor platelet (SDP) is prepared by
plateletpheresis from a donor with platelets
about 30-50x10"°/bag and a volume of 200-300
mL’, whereas pooled random donor platelet
concentrates are prepared by pooling 4-6
platelet bags to be 1 dose, including pooled
leukocyte poor platelet concentrate (LPPC) and
pooled leukocyte depleted platelet concentrate
(LDPC)’. In normal situations, ABO-compatible
platelet transfusion, the same between the
donor and the patient ABO blood group, is
recommended for prolonged survival of
platelets’. However, a big problem in blood
transfusion center is platelet management due
to its short shelf life of about 4-7 days and
expensive’. ABO-incompatible platelet
transfusions, the difference between the donor
and the patient ABO blood group, are the choice
for platelet management in situations of
platelet shortage to give platelet to patients
sufficiently and reduce unused platelet. Unlike

red blood cell transfusion, platelet transfusions
are not at risk for platelet intravascular
destruction when transfused with ABO-
incompatibility. However, the SDP and pooled
platelet concentrates containing ABO antibodies
may cause an acute hemolytic transfusion
reaction”.

Platelet additive solutions (PAS)’ are
crystalloid nutrient media used in plasma
replacement for platelet storage to dilute anti-A
and/or anti-B antibody titers leading to reduce
risk of transfusion reactions. SDP in PAS with low
anti-A and/or anti-B antibody titer® of less than
64 is an alternative to use in ABO-incompatible
platelet transfusions. There are two types of
ABO-incompatible platelet transfusions, major
and minor ABO-incompatibility. Major ABO-
incompatible platelet transfusion is transfusion
out of the ABO blood group and patient plasma
containing anti-A and/or anti-B antibodies,
reacting with ABO antigens presented on the
red cells and platelets of the donor, for
example, a group O patient containing anti-A
and anti-B antibodies in plasma transfused to
Group A donor containing A antigen on red cells
and platelets surfaces’. Next, minor ABO-
incompatible platelet transfusion is a different
ABO blood group transfusion between patient
and donor, but donor plasma containing anti-A
and/or anti-B antibodies react with ABO antigens
presented on the red cells and platelets of the
patient. For example, a group O donor
containing anti-A and anti-B antibodies in plasma
was transfused to group A patient containing A
antigen on red cells and platelets surfaces. This
study aimed to compare platelet count and
transfusion reactions among ABO-compatible,
major, and minor ABO-incompatible platelet
transfusions.

Methods
Ethical approval for this study was obtained
from the Institutional Review Board (IRB) of Khon
Kaen University, Thailand (HE661208). A
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retrospective study of 330 patients of pediatric
(n=21), medical (n=181), and surgical (n=128)
patients transfused with ABO-compatible, major,
and minor ABO-incompatible platelet
transfusions were collected from blood
transfusion center, Srinagarind Hospital,
Faculty of Medicine, Khon Kaen University.
Based on the work instructions (WI) at blood
transfusion center, Faculty of Medicine, Khon
Kaen University, SDP, LPPC, and LDPC in PAS are
used for ABO-compatible platelet transfusions,
whereas only SDP in PAS with low antibody titer
of anti-A and/or anti-B less than 64 is used for
ABO-incompatible platelet transfusions.
Averages of age received platelet, changed
platelet count after transfusion, duration of
platelet count after transfusion, and number of
patients with transfusion reactions in each group
were calculated. Platelet transfusion reactions
were also recorded. Patients with transfusion
reactions were investigated by clerical error
check, repeating ABO and Rh blood grouping,
antibody screening, direct antiglobulin test, and
crossmatching in pre- and post-patient tubes
and the donor bag, reporting the result into the
Health Object system, and sending hemoculture
of the donor bag when suspected for bacterial
sepsis. Comparisons of changed platelet count
after transfusion within the group of patients
and type of platelet transfusion were analyzed
by STATATM version 10.0 (Stata Crop., Texas,
USA) using the Mann-Whitney test due to
non-normal distribution data. Statistical
significance was set at p < 0.05.

Results

Comparisons of age, the dose of received
platelet, changed platelet count after
transfusion, duration of platelet count after
transfusion, and the number of patients with
transfusion reaction of pediatric, medical, and
surgical patients with ABO-compatible, major,
and minor ABO-incompatible platelet
transfusions were shown in Table 1. The average

changed platelet counts after transfusion of
ABO-compatible, major, and minor ABO-
incompatible platelet transfusions were
22.5+30.7,24.0+29.3, and 24.2+29.7 x 10° /mm’,
respectively. No significant difference in changed
platelet count after transfusion among all
patients of ABO-compatible, major, and minor
ABO-incompatible platelet transfusions was
observed. When comparing changed platelet
count after transfusion within pediatric, medical,
and surgical patients with ABO-compatible,
major, and minor ABO-incompatible platelet
transfusions, no significant difference was
observed within the three groups. A box plot
compared among ABO-compatible, major, and
minor ABO-incompatible platelet transfusions
in pediatric, medical, and surgical patients was
created in Figure 1. The average changed
platelet count after transfusion in all patients
was 23.2+30.3x 10° /mm’. Some patients with
decreased or unchanged platelet count after
the transfusion in three types of platelet
transfusions may cause diseases at that time.
Three events with two patients had
transfusion reactions. First, a 68-year-old
woman medical patient was rectal cancer,
hyperthyroidism, and upper respiratory infection
with fever, headache, vomited, anemia and
thrombocytopenia. She got many blood and
blood components during admission at the
hospital. Second platelet transfusion reaction
events were found in the same patient at
different times, transfusion-associated dyspnea
(TAD) found in ABO-compatible platelet
transfusion with group A in both patient and
donor, and chill found in minor ABO-
incompatible platelet transfusion with donor
group O and patient group A. Last, a 66-year-old
woman medical patient was diabetes mellitus,
hypertension, chronic kidney disease stage 5,
and non-ST elevation myocardial infarction
(NSTEMI). She underwent surgery and got a lot
of blood and blood components. Febrile
non-hemolytic transfusion reaction (FNHTR) with
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minor ABO-incompatible platelet transfusion
with donor group B and patient group AB was
found in the patient. It is most likely that the
chill and FNHTR of the two patients may result
from residual white blood cells transfused by
SDP with unfiltered white blood cells, whereas
TAD may cause by the underlining diseases of
the first patient. However, no serious adverse
transfusion reaction and acute hemolytic

As shown in Table 2, the changed platelet
counts after transfusion in all pediatric, medical,
and surgical patients were 41.2+35.1, 24.7+23.8,
and 18.2+35.9 x10°> /mm?®, respectively. Only
changed platelet counts after transfusion
between all pediatric and surgical patients had
a significant difference (p = 0.0097). When
comparing changed platelet count after
transfusion between ABO-compatible and

transfusion reaction (AHTR) were observed in
the three types of platelet transfusions.

ABO-incompatible platelet transfusions in each
patient and donor blood group, as shown in
Table 1 Comparisons of age, dose of received platelet, changed platelet count after transfusion, duration of
platelet count after transfusion, and number of patients with transfusion reaction of pediatric, medical, and surgi-

cal patients with ABO-compatible, major, and minor ABO-incompatible platelet transfusion. Values are presented
as mean + standard deviation or as raw data where appropriate. Changed platelet count after transfusion within

the group of patients and type of platelet transfusion was compared using the Mann-Whitney test.

Ch d
ange Duration of  Number of
Type of Dose of platelet .
X platelet patients
platelet Group of Sex Age received count i
. . n count after with
transfusion patients (M/F) (years) platelet after . .
. . transfusion  transfusion
(unit) transfusion (hours) .
(x 10’ /mm?>)
Pediatric patients 13 10/3 9.6+6.0 4.6+1.6 39.6+23.1° 15+21.9 0
ABO-
compatible ~ Medical patients 116 58/58  54.6x150  6.1x0.9 2424238 8.0£7.5 1
platelets Surgical patients 68 48/20  57.9+15.7 6.1+0.9 16.5+40.0° 3.8+3.9 0
transfusion
Total 197 116/81 52.8+18.8 6.0£1.0 22.5+30.7° 7.0£8.7 1
Major Pediatric patients 1 0/1 16 6 5° 37 0
ABO- Medical patients a 4/0  350£150 58405 30.0423.8° 83443 0
incompatible
platelets  Surgical patients 3 2/1 63.0£20.2 67426 22.3+43.7° 5.2+13 0
transfusion Total 8 6/2 43,0£23.1  6.2+1.5 24.0+29.3 10.7£11.1 0
Minor Pediatric patients 7 5/2 7.7+6.5 39+2.1 49.4+52.3" 8.7+7.3 0
ABO- Medical patients 61 30/31 630495 59209 25.3+24.2° 52454 2
incompatible
platelets Surgical patients 57 44/13 56.4+15.9 6.4+1.9 20.0+30.6° 3.5+4.0 0
transfusion Total 125 79/46  57.8£16.3  6.0£1.6 24.2+29.7° 4.6+5.0 2

°*No significant difference in changed platelet count after transfusion between all patients of ABO-compatible and major ABO-in-
compatible platelets transfusion (p = 0.9346), ABO-compatible and minor ABO-incompatible platelets transfusion (p =0.5973), and
major and minor ABO-incompatible platelets transfusions (p = 0.9208).
°No significant difference in changed platelet count after transfusion between pediatric patients of ABO-compatible and major
ABO-incompatible platelets transfusion (p = 0.1720), ABO-compatible and minor ABO-incompatible platelets transfusion (p = 0.9368),
and major and minor ABO-incompatible platelets transfusion (p = 0.5127).
“No significant difference in changed platelet count after transfusion between medical patients of ABO-compatible and major ABO-in-
compatible platelets transfusion (p = 0.5011), ABO-compatible and minor ABO-incompatible platelets transfusion (p = 0.8289), and
major and minor ABO-incompatible platelets transfusion (p = 0.5756).
“No significant difference in changed platelet count after transfusion between surgical patients of ABO-compatible and major ABO-in-
compatible platelets transfusion (p = 0.8638), ABO-compatible and minor ABO-incompatible platelets transfusion (p = 0.6590), and
major and minor ABO-incompatible platelets transfusion (p = 0.8520).
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Table 2 Comparisons of age, received platelet, changed platelet count after transfusion, duration of platelet
count after transfusion, and number of patients with transfusion reaction of pediatric, medical, and surgical
patients. Changed platelet count after transfusion within the group of patients and type of platelet transfusion

was compared using the Mann-Whitney test.

Group of patients Total Age Dose of Duration of Changed Number of
number (years) received platelet count platelet count patients
platelet after after transfu- with
(unit) transfusion sion transfusion
(hours) (x 10° /mm?) reaction
Al pediatric patients 21 9.316.2 4.4+1.8 14.2+18.8 41.2+35.1°° 0
All medical patients 181 57.0+14.3 6.0+0.9 7.0+£0.9 24.7+23.8% 3
All surgical patients 128 57.6+15.9 6.3+1.5 37+3.9 18.2+£35.9°¢ 0
Total 330 54.2+18.7 6.0+1.3 6.2+7.7 23.2+30.3 3

“No significant difference in changed platelet count after transfusion between all pediatric patients and all medical patients (p =
0.0699)
PSignificant difference of changed platelet count after transfusion between all pediatric patients and all surgical patients (p = 0.0097)
“No significant difference in changed platelet count after transfusion between all medical patients and all surgical patients (p =
0.0597)

Table 3 Average of changed platelet count after transfusion in each patient and donor blood group. Values are
presented as mean + standard deviation or as raw data where appropriate.

Donor Average of changed platelet P-value when compared with all
Type of platelet . k X
. Patient blood blood count patients of ABO-compatible
transfusion n . 3 . .
group group after transfusion (x 10° / platelets transfusion using the
mm?) Mann-Whitney test
) ) 60 29.6+31.4 -
ABO- A A 60 19.7+24.8 -
compatible
B B 54 27.1+£24.4 -
platelets
transfusion AB AB 40 13.1+41.6 -
Total 197 22.5+£30.7 -
O B 5 24.0+25.1 0.8646
Major ABO- A AB 1 5 0.3769
incompatible A B 1 72 0.1018
platelets
transfusion B AB 1 -5 0.1695
Total 8 24.0+£29.3 0.9346
A O 31 19.7+£28.2 0.2997
B (0] 23 27.0+18.9 0.4843
Minor ABO-
incompatible AB @) 40 22.1+29.5 0.4842
platelets AB A 8 39.8452.3 0.6637
transfusion
AB B 23 25.8+31.4 0.8005
Total 125 24.2+29.7 0.5973
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Figure 1 A box plot of comparison of changed platelet count after platelet transfusion among ABO-compatible,
major, and minor ABO-incompatible platelet transfusions in pediatric, medical, and surgical patients by using

STATATM version 10.0.

Champed platelet count (10% men’)

Age (year)

Changed platelet count [x10%'mm’)

Age (year]

Figure 2 Reverse correlation between advanced age and changed platelet count after platelet transfusion of the
pediatric and medical patient (A) and all patients (B) by using Microsoft Excel 2019.

Table 3, no significant difference was observed
in all groups. Among 133 patients transfused
with major and minor ABO-incompatible
platelets transfusions by SDP in PAS with low
anti-A and/or anti-B antibody titer of less than
64, 94 subjects were group O, 29 subjects were
group B, 8 subjects were group A, and 2 subjects
were group AB.

Discussion
No significant difference in changed platelet
count after transfusion among all patients of
ABO-compatible, major, and minor ABO-
incompatible platelet transfusions was

observed. Moreover, no significant difference in
changed platelet count after transfusion within
pediatric, medical, and surgical patients with
ABO-compatible, major, and minor ABO-
incompatible platelet transfusions was
observed. Three events with two medical
patients had transfusion reactions, including an
event with ABO-compatible platelet transfusion
and two events with minor ABO-incompatible
platelet transfusion. No acute hemolytic
transfusion reaction (AHTR) was observed in the
three types of platelet transfusions®.

A study reported that high anti-A and anti-B
titers in recipients affected platelet increment
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in platelet transfusion and was worse than
major ABO-incompatible platelet transfusion’.
The changed platelet count after transfusion in
pediatric patients was the highest compared
with medical and surgical patients. As shown in
Figure 2, a reverse correlation between
advanced age and changed platelet count after
transfusion was observed. Most of the pediatric
patients were diagnosed to be neoplasia (16 in
21 patients, 76.2%) and treated by
chemotherapy, which may lead to lower
isohemagglutinin titers (anti-A and anti-B)’. This
reason may explain the good response to
platelet transfusion in pediatric patients.
However, the limitation of this study is no data
on anti-A and anti-B titers in our patients, which
will be analyzed in further study. Furthermore,
surgical patients had the lowest changed
platelet count after transfusion because of
platelet consumption due to operation.

In conclusion, this study indicated that
platelet transfusions with ABO-compatibility and
incompatibility have no different results.
Therefore, ABO-incompatible single donor
platelet transfusions with low antibody titer'
should be an alternative choice in situations
with insufficient platelet and for effective
platelet management to avoid expiration'’.
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Abstract

Background and objective: The disease group of patients who are hospitalized at Srinagarind Hospital
has specificity and complexity, such as leukemia, bone marrow transplant, and a group of radiation
therapy, etc. In many cases of these patients have anemia from the pathology of the disease itself or the
development of low red blood cell concentration from treatment, such as taking immunosuppressants,
chemotherapy, and radiation are given. Blood Transfusion Centre, Faculty of Medicine, Khon Kaen
University is the agency that supports such medical treatment, therefore has a policy to increase the
safety of all types of blood components including red blood cell concentration as well. At present, the
best quality of red blood cell concentration is leukocyte-depleted red cell (LDPRC) by fully automated
blood separation: Reveos System which is the modern technology that we are producing. But the cost of
production is very expensive and there is a limitation on the duration of drilling. This study aimed to study
the production of LDPRC with good quality no less than using an automatic blender and also reduced cost
of production by using the BioR flex filter.

Methods: The whole blood from double 450 ml bags (N = 22) were connected with the BioR flex filter by
a sterile connecting device and hanged to allow the whole blood to flow through the BioR flex filter, then
spin in the centrifugation with a strength of 3,900 rpm for 10 minutes. The LDPRC were separated from
plasma by T-ACE Il+ automatic extractor. The 0.5 ml of LDPRC was sampling and counted for hematocrit
and white blood cell contamination by an automated hematology analyzer (Sysmex, XN-L Series, XN-550),
and the ADAM-rWBC cell counting system respectively.

Result: The average of volume was 235-265 ml, hematocrit 69-72 % and white blood cell contamination
0.16 X 10° cells per unit. Standards for the preparation of LDPRC have been established by many
institutions. The Council of Europe (EU) qualifications are set at volume 170-330 ml, that to be defined for
the system used, hematocrit < 80 % and white blood cell contamination < 1 X 10° cells per unit.
Conclusion: The LDPRC productions by using the BioR flex filter is affordable, easy to manage and reached
the recommended quality of Council of Europe (EU).

Keywords: Leukocyte-depleted red cell (LDPRC), BioR flex filter, Council of Europe (EU)
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Introduction

Srinagarind Hospital, Faculty of Medicine,
Khon Kaen University is a large hospital. It is a
medical graduate school and a research-
oriented hospital as well as focuses on safety
for specific patient groups of many types of
diseases. The disease group of patients who are
hospitalized at Srinagarind Hospital has
specificity and complexity, such as leukemia,
bone marrow transplant, and a group of radiation
therapy, etc. In many cases of these patients
have anemia from the pathology of the disease
itself or the development of low red blood cell
concentration from treatment, such as taking
immunosuppressants, chemotherapy, and
radiation are given.

Blood Transfusion Centre, Faculty of
Medicine, Khon Kaen University is the agency
that supports such medical treatment, therefore
has a policy to increase the safety of all types
of blood components including red blood cell
concentration as well. There are many types of
red blood cell concentration that can be
produced, such as:

1) Packed red cells (PRC) are red blood cells
that have been separated for blood transfusion.
PRC 1 unit consists of condensed red blood cell,
volume 150-200 ml with low plasma,
hemoglobin not less than 45 g/unit (for 450 ml
of blood) and not less than 35 g/unit (for 350
ml of blood), hematocrit not more than 80%.
The packed cells are typically used in anemia
that is either causing symptoms or when the
hemoglobin is less than usually 70-80 ¢/L (7-8
g/dL). In adults, one unit brings up hemoglobin
levels by about 10 g/L (1 g¢/dL). Repeated
transfusions may be required in people receiving
cancer chemotherapy or who have hemoglobin
disorders."*

2) Leukocyte poor packed red cells (LPRC)
refers to the red blood cells from which
leukocytes are removed by centrifugation. The
remaining white blood cell count must be less
than 1.2 x 10° cells per unit and have

hemoglobin not less than 40 g/unit, hematocrit
50-70%. The LPRC will reduce the incidence of
febrile non-hemolytic transfusion reaction:
FNHTR."

3) Leukocyte-depleted red cells (LDPRC)
means red blood cell component that the white
blood cells are removed by means of leukocyte
filtration, where the number of remaining white
blood cells must be less than 5 x 10° cells per
unit (AABB standard) or 1 x 10° cells per unit
according to Council of Europe (EU). Hemoglobin
not less than 40 g/unit or hematocrit not more
than 80% in case of no additive solution, 50-70%
with additive solution. Clinical data suggests that
non-hemolytic febrile transfusion reactions can
be prevented by leucodepletion. The procedure
also prevents alloimmunization to HLA antigens
in patients who will repeatedly require
transfusion of blood/blood products.>

The preparation of LDPRC can be done in
different ways depending on budget limitations
and needs of the patient. Here are some ways
in which this can be done:

1.) Pre-storage preparation is concentrated
filtration of red blood cells before storage at a
temperature of 2-6°C.

1.1 Preparation using a kit bag with a
filter set attached after the donor’s blood has
been drawn, it will be left at room temperature
for about 1-2 hours to allow the white blood
cells to absorb bacteria (phagocytosis) that may
have escaped during the blood collection. The
blood is then filtered through a filter set and
then centrifuged. The resulting blood
components were filtered LDPRC and FFP. For
FFP, stored below -18°C and LDPRC store at
2-6 °C.

1.2 Preparation of LDPRC by fully
automated blood separation: Reveos System,
which is the modern technology, that can
automatically select the spinning program
whether you want to spin out LDPRC or LPRC,
depending on the type of bag (LR or NLR) used
to collect the donor’s blood.
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2.) Post-storage preparation of LDPRC is the
filtration of concentrated red blood cells after
storage. The temperature is 2-6°C, most of which
will be the use of PRC or LPRC as a filter, which
must be filtered within a period of not more
than 24 hours after drilling.

At present, the best quality concentrated
red blood cells were the red blood cells that
filter almost all white blood cells, which is
LDPRC by fully automated blood separation:
Reveos System which is the latest technology
that we are producing. But the cost of
production is very expensive and there is a
limitation on the puncture time because after
the puncture it must be left at least 2 hours in
order for the phagocytosis to complete and the
platelets to be well dispersed, then it can be
centrifuged. Therefore, it is inconvenient if the
donor arrives after 2:00 p.m. which is the
scheduled time out for using bags for the fully
automated blood separation: Reveos System.

The BioR flex filter is a new filter set
developed from the Bed Side filter set to filter
red blood cells before administering directly to
the patient at the bedside. The advantage of
using this new filter set is that patients who want
to use filtered blood will receive the filtered
blood and ready to use. Nurses will save time
in doing the procedure. In addition, the
preparation of blood components and the
blood donation work will have more channels
for preparing the LDPRC. Even if the donor arrives
after 2:00 p.m., the bag of blood can be filtered
with a BioR flex filter before being taken
centrifuge. The filtering time is about 10-15
minutes only. In addition, this type of filter set
can also prepare a post-storage LDPRC. The
most interesting, it is not as expensive as a
fully automated LDPRC blood separation:
Reveos system. The objective of this study was
to create the new protocol to produce LDPRC
from the double 450 ml (D-450 ml) bags that
meet the international standards and reduced
the costs of productions.

Method

The whole blood, 450 ml bags (N=22) were
connected to the BioR flex filter with sterile
connecting device and allowed the blood
filtered through the BioR flex filter for 10-15
minutes, then sealed the filtered blood bags
and connected them to the original tow bags.
The filtered blood bags were placed into a cup
and balanced weight before put into the
centrifuge. Centrifugation with 3,900 rpm for 10
minutes at 2-6°C. The centrifuged blood bags
were separated with T-ACE I+ automated
extractor to LDPRC and LDFFP. The LDPRC bags
were weighed and placed on the shaker for 15
minutes. Sampling 0.5 ml of each LDPRC to test
for complete blood count (CBC) and white
blood cell (WBC) contamination. The weight of
blood bags, hematocrit, WBC were recoded in
the result record form.

Results
The results were shown in table 1 and 2.
The average of volume were 235-265 ml the
hematocrit was 69-72 % and WBC contamination
were 0.16 X 10° cells per unit that quality
control (QC) passed 100%.

Discussion

The production of LDPRC, which is
currently considered the safest and best
quality concentrated red blood cell component
for patients with anemia or blood loss for
various reasons. Of course, good quality
products are often expensive and manufactured
at high cost and state-of-the-art technology. But
with the country’s economic conditions
deteriorating, lacking financial liquidity which
affects all groups of people. The constantly
studying and following up with new knowledge,
there is an idea to find a way to obtain good
quality products and produced at a low cost
but equal in quality to modern equipment.

The production of LDPRC in this new way
reduces the time constraints of donor blood
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donation. Even if the donor arrives after 2:00 Conclusion
p.m., the bag of blood can be filtered with a Our QC data of LDPRC by the new protocol
BioR flex filter before being taken centrifuge. provides reached the recommended quality of

the Council of Europe (EU).

Table 1 The data of LDPRC from D-450 ml bags production.

N Average of volume (ml) % Hematocrit WBC contamination
22 235-265 69-72 0.16 X 10°
% QC Passed 100 100 100

Table 2 The criteria of QC in blood components and KPI for our Blood Transfusion Centre’

Components Quality control  Target value Key performance
(Standard reference) indication (KPI)
Leukocyte-depleted red cell Volume 170-330 ml
(LDPRQ) Hematocrit < 80 % > 90%
(EU) Residual leukocyte < 1 x 10° cells/unit
Y a
19NA1391994 3. World Health O. Educational modules on

clinical use of blood. Geneva: World Health

1. Pandee Wattanaboonyongcharoen.
Organization; 2021.

Appropriate use of blood and blood
components, “The Appropriate Use of Blood 4. AABB. Technical manual. 20th ed. Jorgenson
and Blood Components”, National Blood M, editor. Bethesda, Maryland: AABB; 2020.
Service Center, Thai Red Cross Society, 2
Edition, Chapter 3; Blood Components
Inhibition of infection and irradiated blood;

5. Guide to the preparation, use and quality
assurance of blood components. European
Committee (Partial Agreement) on Blood

2023, Transfusion (CD-P-TS). EDQM 21™ Edition
2. Standards for blood banks and blood 2023.

services. National Blood Center, Thai Red @

Cross Society. ISBN 978- 616-7829-29-6 4"

edition, 2015.
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Abstract

Background and objective: Non-vitamin K antagonist oral anticoagulants (NOACs), including
dabigatran etexilate, rivaroxaban, apixaban, and edoxaban, may have pharmacokinetic interactions
with CYP3A4 inhibitors and/or P-glycoprotein competitors, leading to increased levels of NOACs and
the risk of major bleeding. The objective was to assess the association between using NOACs with
and without receiving concurrent medications with potential pharmacokinetic interactions through
CYP3A4 inhibitors and/or P-glycoprotein competitors, and the risk of major bleeding in patients with
non-valvular atrial fibrillation.

Methods: This retrospective cohort study utilized data from the information database at Srinagarind
Hospital, Faculty of Medicine, Khon Kaen University. The subjects were patients with nonvalvular
atrial fibrillation who have prescribed a NOAC during January 1%, 2016, to August 31%, 2023. The
primary outcome was major bleeding, defined as hospitalization or emergency department visits
with a first diagnosis of intracranial bleeding, gastrointestinal bleeding, or bleeding at other sites.
Secondary outcomes included sub-outcomes of major bleeding and all-cause mortality. The
association of the outcomes and concomitant use of NOACs and CY3A4d inhibitors and/or
P-glycoprotein competitors were assessed using Poisson regression models and inverse probability
of treatment weighting using propensity score calculated from the study’s covariates.

Results: The study included 400 patients (mean age, 73.3 years; SD, 10.2), 227 males and 173
females. Among 400 patients, it contained 2,739 person-quarters receiving NOACs, dividing into
apixaban 1,020 person-quarters (37.2%), rivaroxaban 871 person-quarters (31.8%), dabigatran
etexilate 775 person- quarters (28.3%), and edoxaban 77 person- quarters (2.8%).Person-quarters of
NOACs prescriptions with and without concurrent use of perpetrator medications were 1,529 (55.8%)
and 1,210 (44.2%), respectively. The perpetrators included: atorvastatin (43.9%), digoxin (10.6%),
amiodarone (5.2%), verapamil (1.7%), diltiazem (1.4%), naproxen (0.6%), ticagrelor (0.4%),
tacrolimus (0.3%), and rifampicin (0.1%). Other perpetrators that were not given with NOACs
included phenytoin, fluconazole, dronedarone, quinidine, HIV protease inhibitors (ritonavir,
lopinavir, atazanavir, darunavir), other azoles (ketoconazole, itraconazole, posaconazole, or
voriconazole), macrolide antibiotics (clarithromycin or erythromycin), and cyclosporine. Overall,
major bleeding was observed 16 and 10 times in the group that received NOACs with and without
perpetrator medications, respectively. The adjusted incidence rate ratio was 0.86 (95% Cl, 0.46 -
78 Auasuninwans 2566; 38(Suppl) @ Srinagarind Med J 2023; 38(Suppl)



ﬁuq ‘lginiﬁﬁl uasAde @ Pansu Chumworathayi, dt al

1.60) with no statistically significant (p-value 0.634). Major bleeding was found in the group that
received NOACs with atorvastatin, digoxin, and amiodarone with adjusted incidence rate ratios of
1.32 (95% Cl, 0.55-3.18), 0.75 (95% Cl, 0.10- 5.53), and 0.39 (95% Cl, 0.02-2.92), respectively.
However, there was no statistically significant (p-value, 0.535, 0.778, and 0.362, respectively).
According to secondary outcomes, intracranial bleeding was found 5 and 4 times in the group that
received NOACs with and without perpetrator medications, respectively. The adjusted incidence
rate ratio was 0.54 (95% Cl, 0.14-2.18). Of interest, an adjusted incidence rate ratio was 0.93 (95%
Cl, 0.20-4.37) in the group that received NOACs with atorvastatin. Gastrointestinal bleeding was found
11 and 6 times in the group that received NOACs with and without perpetrators, with an adjusted
incidence rate ratio of 1.01 (95% Cl, 0.50-2.12). The adjusted incidence rate ratio were 1.51 (95% Cl,
0.53-4.29), 0.61 (95% Cl, 0.08-4.57), and 1.16 (95% Cl, 0.15-8.62) for the group that received NOACs
with atorvastatin, digoxin, and amiodarone, respectively. All-cause mortality was observed 6 and
2 times in the group that received NOACs with and without perpetrators, respectively, with an
adjusted incidence rate ratio of 1.77 (95% Cl, 0.75 — 4.22). The adjusted incidence rate ratios were
2.86 (95% Cl, 0.57-14.29) and 1.45 (95% Cl, 0.18-11.76) in the group that received NOACs with
atorvastatin and digoxin, respectively. All of these results did not show a statistically significant
(p >0.200). The other sites of bleeding were not found in this study. None of the bleeding incidence
was observed in the groups that received NOACs with verapamil, diltiazem, naproxen, ticagrelor,
tacrolimus, and rifampicin.

Conclusion: In atrial fibrillation patients, CYP3A4 inhibitors and/or P-glycoprotein competitors which
are commonly used with NOACs were atorvastatin, digoxin, and amiodarone. The incidence of
major bleeding was higher in a group receiving CYP3A4 inhibitor and/or P-glycoprotein competitors.
However, there was no statistically significant, possibly due to the small study population. Data
from this study may be useful for conducting research in the future, and guiding for risk
management, increased surveillance, and reducing the risk of major bleeding for patients receiving
NOACs in the Srinagarind Hospital.

Keywords: non-vitamin K antagonist oral anticoagulants (NOACs), dabigatran, rivaroxaban, apixaban,
edoxaban
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Abstract

Background and Objective: Performance assessment of radiation doses from interventional
radiology procedures is visualized in this study. Significant dose parameters reported by Digital
Subtraction Angiography (DSA) machine were collected from liver cancer patients undergoing
Transarterial Chemoembolization (TACE). Measured doses were evaluated by comparison with the
international diagnostic reference levels (DRLs).

Materials and Methods: All radiation doses were obtained from a retrospective study of TACE
procedures between 1 September 2021 to 30 June 2023. A Philips Azurian 7 — DSA machine with
integrated dosimetry software was used for invasive X-ray fluoroscopy guidance of 523 TACE patients.
Sample size observations included 405 males (77.43%) and 118 females (22.56%) with an average
age of 61 years (i.e., range 36-84 years) and an average weight of 62 kg (i.e., range 32 — 132 kg).
Significant parameters, including fluoroscopy time, air Kerma, and dose area product (DAP), were
monitored and further compared with the DRLs for performance evaluation of the treatment
procedure used in this center.

Results: The study observed average values of Air Kerma, DAP, and Fluoroscopy time were 218.44
mGy, 97.3 Gy-cm’, and 720 s, respectively. In order to compare the domestic TACE DRLs from this
study and the international TACE DRLs, lower dose levels were observed.

Conclusion: In practice, the DRL is an essential parameter for evaluating dose optimization in
patients undergoing interventional radiology (IR) procedures. Optimizing dose strategy will be achieved
by performing a radiation management system suitable for each IR procedure, which includes DSA
quality control and radiation safety protocol.

Keyword: interventional radiology, transarterial chemoembolization, digital subtraction angiography,
dose area product, diagnostic reference levels

*Correspondence: Varaporn Pong-inwong, E-mail: varsilekku.ac.th
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Abstract
Cholangiocarcinoma (CCA) is a malignant cancer of the biliary tract and a major health

problem in Thailand. The reprogramming of tumor cell metabolism and the upregulation of
lipogenic enzymes have been revealed in CCA. But the functional importance of the rate-limiting
enzyme is limited. This study highligshted the significance of acetyl-CoA carboxylase 1 (ACC1), a
rate-limiting enzyme in de novo lipogenesis, on CCA migration. ACC1 expression in human CCA
tissues was determined by immunohistochemistry staining. The results showed that high ACC1 was
correlated with shorter survival of CCA patients. ACC1-deficient cell lines (ACC1-KD) were generated
by the clustered regularly interspaced short palindromic repeats (CRISPR)/CRISPR-associated protein
9 (cas9) system and were used for the comparative study. The expression of ACC1 was lower than
in parental cells. Decreased ACC1 significantly reduced intracellular malonyl-CoA and neutral lipid
contents. CCA cell proliferation, migration, and invasion were retarded in ACC1-KD cells. Reduced
intracellular ATP levels, AMPK activation, lowered NF-KB p65 nuclear translocation, and snail
expression were elucidated. Migration of ACC1-KD cells was restored by palmitic acid and
malonyl-CoA supplementation. The current study highlights the importance of rate-limiting enzyme
in de novo lipigenesis, ACC1, and AMPK-NF-KB-snail axis on CCA progression. These might be
helpful for CCA drug design in the future.

Keywords: ACC1, AMPK, cholangiocarcinoma, de novo lipogenesis, NF-KB, palmitic acid
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Abstract
Background and Objective: Quetiapine (QTP) has been widely used for the treatment of psychiatric

problems in patients. QTP is metabolized primarily by CYP3A4/5 enzymes. Moreover, CYP2D6 also plays
a minor role in QTP metabolism. Therefore, the inter-individual variation of CYP3A4/5 and CYP2D6 function
may affect QTP plasma concentration and treatment outcomes. Previously reported genetic polymorphisms
of CYP3A4/5 and CYP2D6 genes affect the enzyme functions. CYP3A4*22 was not found in Thais. Howev-
er,CYP3A5*3 was the most common non-functional variant and caused loss of CYP3A5 activity. CYP3A5*3
and CYP2D6*10 were common mutant alleles in the Thai population. This study aimed to investigate the
correlation between the genetic variation of CYP3A5 and CYP2D6 and QTP plasma levels in Thai
psychiatric patients.

Method: Thirty-eight psy chiatric patients who received QTP at Srinagarind Hospital, Faculty of Medicine,
Khon Kaen University, Thailand, were enrolled in this study. QTP blood sample was collected at a steady
state. CYP3A5 and CYP2D6 polymorphisms were determined by real-time PCR technique with a specific
TagMan®probe and primer. In addition, QTP blood concentrations were determined by LC-MS/MS
method.

Results: Of the 38 psychiatric patients investigated for CYP3A5 polymorphism, only 5(13.16%) were
CYP3A5*1/%1, 15 (39.47%) were CYP3A5%1/*3, and 18(47.37%) were CYP3A5*3/*3. Prevalence of CYP2D6
polymorphism were CYP2D6*1/*14 (10.53%), CYP2D6*1/*1023(60.53%), and CYP2D6*10/*1011(28.95%).
Concentrationsper dose (C/D) ratio of QTPwas 2 times higher in CYP3A5*3/*3than wide-type and
heterozygous patients (1.58+2.78, 0.64+0.61, 0.50+0.59, respectively) (p=0.276). Moreover, The C/D ratio
of QTP for the patients carrying CYP2D6*10/*10 was higher than wide-type and heterozygous patients but
had no statistical significance (1.49+3.04, 0.81+1.00, 0.85+1.49, respectively) (p=0.674).

Discussion and Conclusions: CYP3A5 and CYP2D6 heterozygous mutants had higher C/D ratios of QTP
than wide-type but no statistical significance because of the low sample size.Therefore, CYP3A5 and
CYP2D6 genotypes may need to be investigated to adjust the QTP dose regimen for psychiatric patients
to reduce adverse effects and improve clinical outcomes.

Keywords: psychiatric patients, quetiapine, plasma level, CYP3A5 polymorphisms, CYP2D6 polymorphisms
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Abstract

Background and Objective: There is recently no information whether the clinical courses of
anti-topoisomerase | antibody (ATA) positive limited cutaneous systemic sclerosis (lcSSc) are similar

to ATA positive diffuse cutaneous systemic sclerosis (dcSSc) or not. This study aimed to evaluate
clinical courses comparison between (cSSc and dcSSc with positive for ATA.

Methods: This study was conducted a cohort study including 522 Thai adult SSc patients between
January 2014 and December 2022. Patients with overlap syndrome and having only 1 visit of
follow-up were excluded. Clinical courses between (cSSc and dcSSc with positive for ATA were
investigated using the Chi-square test, student t-test, or Wilcoxon Rank Sum as appropriate.
Results: Female was common than male (319 vs 203 cases). DcSSc with ATA positive (dcSSc-pos
ATA) was the most common presentation among Thais (321 cases; 61.5%), followed by cSSc with
ATA positive (lcSSc-pos ATA) (19.9%), (cSSc with ATA negative (lcSSc-neg ATA) (11.1%), and dcSSc
with ATA negative (dcSSc-neg ATA) (7.5%). The risk of interstitial lung disease (ILD) of (cSSc-pos ATA
was comparable with dcSSc-pos ATA and dcSSc-neg ATA (odd ratios (OR) 0.76; 95%Cl 0.48-1.20 and
1.35; 95%Cl 0.64-2.82). The median time of onset at ILD detection was comparable with dcSSc-
pos ATA (1.0 vs 1.8 years, p=0.21) but less than dcSSc-neg ATA (1.0 vs 4.8 years, p=0.001). The
mortality risk of (cSSc-pos ATA was comparable with dcSSc-neg ATA (hazard ratio (HR) 1.09; 95%Cl
0.55-2.19) but less than dcSSc-pos ATA (HR 0.52; 95%C| 0.33-0.83). LcSSc-posATA still had less
clinical features of dcSSc (tendon friction rub and hand deformity) than in dcSSc-pos ATA.
Conclusion: The patients with (cSSc-ATA pos had a similar risk of ILD development as in dcSSc
irrespective to the presence of ATA but earlier ILD development than dcSSc-negATA. The prognosis
seemed to be better than dcSSc-pos ATA.

Keywords: systemic sclerosis, scleroderma and related disorders, autoantibodies, scleroderma,
anti-topoisomerase | antibody, prognosis
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Abstract

Objective: To compare the methods of delivery and its complications between pregnant women
with COVID-19 infection and pregnant woman without the condition.

Methods: We retrospectively collected data of pregnant women prenatally infected with COVID-19
virus from 1 July 2021 to 31 October 2022, and compared them with pregnant women having
antenatal care (ANC) during the same period who were not infected with COVID-19 virus until
delivery, as a retrospective-cohort study. The control group was matched by timing (by the next
day after the matched COVID-19 case came to the hospital) and gestational age at ANC (by the
expected date of confinement [EDC] not differ from the matched COVID-19 case more than 7 days).
Results: A total of 252 participants were included in this study, 126 persons in each group.
Demographic data among the two groups were comparable except for previous cesarean section.
The cesarean section rate in COVID-19 group was significantly higher than control group (46.03% vs
30.95%, p-value = 0.02). Specifically, we found that indication for cesarean section in COVID-19 group
was “COVID-19 infection” in 9/126 cases (7.14% vs 0%). However, there was no significant difference
in length of hospital stay (LOS) between COVID-19 and control group (2.97 vs 2.81 days, p-value =
0.262). No serious postpartum maternal complications were reported. Perinatal outcomes were
similar among the two groups.

Conclusion: Prenatal COVID-19 infections could result in increasing cesarean section rate, but not
perinatal morbidities.

Keywords: prenatal COVID-19, cesarean section, perinatal morbidities
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Abstract

Background and Objectives: Thalassemia is the most common hemoglobinopathy in Southeast

Asia. In Thailand, thalassemia is mostly prevalent in the northeast population. However, renal
dysfunction is an underreported sequelae in children with alpha-thalassemia. We conducted a
retrospective study to identify the prevalence and associated factors of renal dysfunction in children
with alpha-thalassemia.

Methods: A retrospective cohort study was carried out by reviewing medical records of children
aged 1 to 18 years who were diagnosed with alpha-thalassemia and followed up at the Department
of Pediatrics, Srinagarind Hospital between May 2021 and April 2022. Patients with congenital
anomalies of the kidney and urinary tract, heart disease, liver disease, and incomplete medical
records were excluded. Renal dysfunction was defined as a glomerular filtration rate (GFR) less than
90 ml/min/1.73 m?, presence of proteinuria, or hematuria.

Results: Eighty-nine children were reviewed, with a mean age at the study initiation of 8.41 + 4.83
years. Thirty-eight patients (42.69%) were female, and sixty-three patients (70.78%) had hemoglobin
H-constant spring. Fifteen patients (16.85%) demonstrated renal dysfunction, with 13 patients
(14.60%) having evidence of low glomerular filtration, 1 patient (1.12%) showing proteinuria, and 1
patient (1.12%) exhibiting microscopic hematuria. All patients with renal dysfunction were
transfusion-dependent. Using multivariate analysis, deferasirox was a significant associated factor of
renal dysfunction (OR, 4.12; 95% Cl, 1.13-15.02; p = 0.03), while age (OR, 1.01; 95% Cl, 0.89-1.16; p
= 0.85), serum ferritin (OR, 1.00; 95% Cl, 0.99-1.00; p = 0.95), pre-transfusion hemoglobin (OR, 1.27;
95% Cl, 0.44-3.71; p = 0.65), and the interval of blood transfusion (OR, 1.14; 95% Cl, 0.75-1.75; p =
0.52) were not.

Conclusion: A significant prevalence of renal dysfunction was observed in alpha-thalassemia
children, particularly those treated with deferasirox. Children receiving deferasirox and regular blood
transfusions require routine renal assessment for early detection and therapeutic interventions to
preserve renal function.

Keywords: iron chelator, deferasirox, renal dysfunction, alpha-thalassemia
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Abstract

Background and Objective: Bloodstream infections (BSIs) are major life-threatening complications
in children with cancer. Understanding the prevalence of causative pathogens and patterns of
antimicrobial resistance will aid in selecting the most appropriate empirical antibiotics. This study
primarily aimed to describe the causative pathogens and antimicrobial susceptibility of BSI in
pediatric oncology patients. Secondary objectives including describing (1) clinical factors associated
with BSI (2) clinical outcome of BSI in pediatric oncology patients.

Materials and method: This retrospective descriptive study was conducted at Srinagarind hospital,
Khon Kaen University, including oncologic patients aged between 30 days to 18 years old from
January 2017 to December 2021. Laboratory-confirmed BSI episodes, according to the Center for
Disease Control and Prevention (CDC) criteria was obtained from the microbiology laboratory reports.
Causative pathogens, antibiotics susceptibility, clinical information and outcomes were collected.
Results: A total of 61 BSI episodes from 51 patients is included. The causative pathogens consisted
of 39 episodes (59.1%) of Gram negative bacteria, 22 episodes (33.3%) of Gram positive bacteria,
and 5 episodes (7.8%) of fungus. The most common drug-resistant bacteria were methicillin-resistant
coagulase negatice staphylococcus (MRCONS), Klebsiella pneumoniae , and Pseudomonas. The
majority (46.15%) of Gram negative bacteria were multi-drug resistant, with low susceptibility to
penicillins, cephalosporins and carbapenems. However, 76.47% and 84.62% of these drug-resistant
Gram negative bacteria were susceptible to amikacin and colistin, respectively. No vancomycin-
resistant Gram positive bacteria were found. BSI occurred in PICU, high-intensity chemotherapy, and
fungal bloodstream infection were factors associated with higher mortality.

Conclusion: MRCONS and Gram negative bacteria were the most common pathogens causing BSI
in pediatric oncology patients with a high proportion of antibiotic resistance.
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Abstract
Background and objective: Identification of reliable prognostic biomarkers is essential for assessing

disease severity, guiding treatment strategies, and predicting patient outcomes. Serum procalcitonin
(PCT) and PCT clearance rate have acquired attention as potential biomarkers for these purposes;
however, there is a lack of data in children. The purpose of this study was to examine the potential
of serum PCT levels and PCT clearance as prognostic biomarkers in pediatric intensive care.
Methods: A retrospective cohort study was conducted to determine the PCT level and the PCT
clearance rate in order to predict the mortality of pediatric patients with sepsis aged 1 month to
18 years in pediatric intensive care units (PICU) of Srinagarind Hospital from 1 January 2016 to 31
October 2021. Electronic medical records and the hospital data set were the data sources.
Mortality rate was the dependent variable, while clinical parameters and laboratory results were
independent variables. The correlation between initial laboratories and mortality was assessed, and
PCT clearance was analyzed using multi-regression analysis.

Results: A total of 242 cases were enrolled in the study, with 107 males and 135 females. The
median age was 5.34 (interquartile range, 1.25-12.42). The mortality rate in the cohort was 64 out
of 242 (26.4%). The analysis revealed that the initial PCT levels showed no significant correlation
with mortality in pediatric critical care patients, but initial high lactate (>4 mmol/L) associated with
mortality (adjusted odds ratio = 2.8; confidence interval 1.23-6.41, p = 0.015). However, PCT
clearance with an increased level in 24 hours demonstrated a strong association with mortality
(adjusted odds ratio = 3.31; confidence interval 1.12-9.84, p = 0.031).

Conclusions: Initial serum PCT levels did not correlate significantly with mortality in pediatric
critical care, whereas initial lactate levels can predict mortality. Nevertheless, an increase in PCT
clearance within 24 hours was significantly associated with mortality, indicating its potential as a
prognostic biomarker in pediatric intensive care.

Keywords: Serum procalcitonin, procalcitonin clearance, prognostic biomarker, pediatric critical
care, tertiary care.
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