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INSTRUCTIONS FOR AUTHORS

The Bulletin of the Department of Medical Sciences welcomes the articles related
to the Medical Sciences researches and studies in the area of biological products, medical
devices, cosmetics, pharmaceutical products, food and beverage, medicinal plants,
narcotic drugs, hazardous materials, radioactive materials, communicable diseases,
non-communicable diseases, disease carriers/vectors, risk analyses, technology
developments, clinical researches, quality management systems, etc.

The Bulletin is published in every three months as following: 1) January-March,
2) April-June, 3) July-September, and 4) October- December.

The articles can be submitted in either Thai or English. The different kinds of
articles are accepted including original articles, laboratory findings, case studies, review

articles, general articles, letters to the editor, short communications and special articles.

Every article must not have been accepted or published elsewhere.
Articles published in this bulletin represent the research activities or opinions of
the authors, not the opinion of editor or Department of Medical Sciences. The authors

are responsible for its contents.

Contributions in every article will be peer-reviewed by at least two
selected experts.

The clinical research and research involves human specimens must be prior
approved by the Ethics Committee. The research that involves animals must be prior
approved by the Animal Ethics Committee.

Type or print out of the manuscripts shall be on A4 white paper using Angsana
New font, size 16. Use double spacing throughout the paper, and on only one side of paper
with left and top margins of 3.5 cm., and right and bottom margins of 2.5 cm.

The first page shall carry the title of the article, full names of authors, affiliation
of the author and a running title.

The second page shall carry an abstract both in Thai and English of no more than
250 words. The abstract should cover the rationale, objective(s), scope, main methodology,
and new major findings/results of the study. Identify limited to 5 key words at the bottom
of the abstract.

The third page and next shall carry the body of the article. The structure of
original articles and laboratory findings should be in the order as following:

Introduction: The introduction should provide the hypothesis or the rationale

for the study as well as the objective(s) of the study. Give only pertinent references.



Materials and Methods: Give the full technical information so that the experiments
can be repeated such as group of sample/study, sampling methodology, analysis
methodology, statistical analysis, if used, etc. The sources of all materials and apparatus
or stain or strains of microorganisms must be provided if they have the potential impact

to the study results.

For the clinical research, or research involves human specimens or animals, name
of the ethics committee(s) or institutional review board(s) as well as the number/ID of

the approval(s) must be stated.

Results: Present the results as concisely as possible in logical sequence. Avoid
unnecessary graphs and figures. The tabular data, graphs, or figures, if needed, should
be provided with clear description.

Discussion: Discuss findings. Provide and interpretation of the results.
The results may be provided and interpreted in relation to other relevant studies. It should
not contain extensive repetition of the results sections. The impact or benefit from the

this study may be elaborated.

Conclusion: Emphasize the new and important aspects of the study. Link the
conclusions with the goals of the study.

Each table of or figure should be prepared on a separate sheet. Photographic
prints must be in black and white, shape or shaded with high contrast and not smaller
than the postcard size. Drawings shall be clearly prepared with black drawing ink on
white paper. In the text, an appropriate space should be provided for each table or figure

as indicated below:

For Table 1 | or | For Figure 1

Acknowledgement (If any):

References: appeared in the text, should be cited according to “the Uniform
Requirements style” (the Vancouver Citation style). The references should be listed
numerically and in the same order that they have been cited in the text. Only the original
documents should be used as references.

List all authors up to six authors. If there are more than six authors, list the
first six authors and then follow by et al (et al means “and others”). Use the title of the
article or book as author when no author is given. Only the first word of journal articles
or book titles (and words that normally begin with a capital letter) are capitalized, and
do not use italics or underlining.

Each reference should be in the order, according to the following samples:



1. Citing a Journal Article
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Making internal
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Russell FD, Coppell AL, Davenport AP. In vitro enzymatic processing of
radiolabelled big ET-1 in human kidney as a food ingredient. Biochen Pharmacol
1998; 55. 679-701.

Coffee drinking and cancer of the pancreas [editorial]. BMdJ 1981; 283: 628

2. Citing a Text/Guideline
Examples:

Greenberg AE, Clescri LS, Eaton AD, editors. Standard methods for the examination
off water and wastewater. 18" ed. Washington DC: American Public Health Association;
1992. P 9-94.

The United States Pharmacopoeia. The National Formulary. 23" ed Rockville:
United States Pharmacopoeia Convention, Inc,; 1995. P. 373-5.

Thai Pharmacopoeia Vol. 1 (Pt 2). Appendix 1.1 Reagents. Bangkok: Department
of Medical Sciences; 1993. P. 1472-5.

International Organization for Standardization. ISO/IEC Guide 25. General
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Stedman’s medical dictionary. 26™ ed. Baltimore: Williams & Wilins; 1995 Apraxia;

p.119.

3. Chapter in the Text
Examples:

Phillip SJ, Whisnant JP. Hypertension and stoke. In: Laragh JH, Brenner BM,
editors.

Hypertension: pathophysiology, diagnosis and management. 2" ed. New York
(NY): Raven Press; 1995. P. 465-178.
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4. Legal Material
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5. Organization as Author and Publisher (Including pamphlet & Package
Insert)
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pharmaceutical analysis. Nonthaburi: Department of Medical Sciences; 1995
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6. Citing Conference Papers/Conference Proceedings
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7. Dissertation
Examples:
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[dissertation]. St. Louis, (MO): Washington Univ.; 1995

8. Citing Electronic material

8.1 Journal on Internet
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Morse SS. Factors I emergence of infectious disease. Emerg Infect Dis
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MIeTIAdaua e sasTaaEa
BCG Tokyo 172-1 ludadutlasnuimlse

fuaenludsemnalng lagis Real-Time PCR

FPened Wigamassn* andas nIwdgndaait wadund IWnvaldue uasgams giians*
*FOIUTIING **FNIUUFITNMFOTNMITUNNE NININENAMTATIISUNNE DUUGTIIUUN UUNY5 11000

unAnda ﬂ"n'smmaaumﬂﬁ'uﬁ:siaﬂﬂaqéga BCG Tokyo 172-1 luSadullesiuialdsainudalulsanelng dalsis
mseiiums Jlawannuazaagauanugneaeeidienzidemaiia Real-Time Polymerase Chain Reaction
(Real-Time PCR) Lﬁamsaamﬂ%mmmﬂﬁ’uiﬁf&iaﬂw'eNL%yalui'ﬂ%uﬁwﬁmmﬂammm)m ammnalnglu U w.q. 2555
2557 UaE 2558 MUIU 15 JUMIWAA nnmanagauanuiuduasuasdumsienginuhimdulssansmssaaula
>0.99 AAnuisaasiiiduUszanSanuLUnITIU <10% wazANNgNAaslidmIMIAUNGUBETEIIN 105-130%
Tosmansamiemeiugsosluindu wuihii subtype IT vaenh 109 Tuindu 12 fu wasiidannnh 100 Tuiadu 3 gu
fudaluil 2555 nmsAnwiugasiis Real-Time PCR ‘ﬁ'ﬁmmﬁumm’sa“lﬁ'mmmﬂ%mmﬁLﬁutaﬂmmﬂﬁuf&iaﬂ

2898 BCG Tokyo 172-1 Tuiadu uszindu BCG vaslnedidie BCG ndasaenustas
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unin

a v %

a3y BCG Wuwietutlasnuiandlsezfiaalludaugns nigluwaunuasaasnaiannulse

u 9

yaUszndlnaaauad w.a. 25200 TFRahmesuiimisliiu@nusniie Jagiuiaduindalulssmelng

Tagamuamm anmalng wdananee Mycobacterium bovis BCG ewug Tokyo 172-1 #ilasu

[
S

Yusauat) w.a. 25319 FduniluauaenusuanninmslgnumlaninnNaamumsanm

v 9 9 9

NnUseind
atfuayulas UNICEF 3naasanewus Idud Danish 1331 was Russian BCG-I Wilfingnuhasiug
Fuaaiaduluiagiuilicnnh 14 sewus Ridnnndensduiliferiuiia Pasteur Institute of Paris
washlUinsdeawdass audemsasuulammediuiionemu®e™ 1yl w.a. 2544 finenuiids BCG
aeWug Tokyo 172 #ildwaniaduranlssmadiulsznaudisaewuston 2 «fiafe subtype I uay
subtype 11 fighasasunaNNe iU phenotype uaz genotype log subtype I Hanwazlalail
wuuBey tiadedauuamsiaeds 7H10 agar uaziimsmamaluasiidue 22 Atud (base pairs: bp)
TuuSher Rvs405c (transcriptional regulatory protein) 289 Region of difference (RD)16 Pousi

[ v

subtype II Hanuaizlalativuuneny wazlaifimsmameasdidue lumurmiananan subtype I #anuaanse

a v %

Tumsiasguuamsidsndauarluaimeuynasss aansanssduniiduiulddndy subtype I 3nna
fiusnadadudaluSaduannnh 90% %ﬁtﬂulﬂlﬁ'ﬂmmauﬁa high viability waznu@eaNNiaUBIEE
BCG Tokyo 172 ﬁuaztﬂuﬂmauﬁawm subtype I msifiadunas subtype I 91aAaa N subtype 11
fmsnmeiugmendmniiimanida BCG uhissmadiudal w.a. 2467 Famamamaluvasiidua
fiusas RD16 i lsiwuly BCG substrains 81992

Foyamaiiaamshifiaszasdmenaaldduiadu Mnanuwnsemand @nswenung illddaa
Tz 10 T 55WNa W6, 2550-2559 WuhilamsaentnwaesaLEy (Lymphadenitis) 5901 BCG osteitis
uaz Disseminated BCG disease loaiidadanain 2553 uaz 2554 dannugihaiaainslinelszad
nhgniiinanagianuy Famhsnuiindeassguaaldhufugauamumaimgivihliiieains
Hudelasiisuudguhamaoadaldnavaaiade wu maiinmsdaiibigndaseadadniiuniade
Tushumisiilimangan Wnaseasiaduiiaadenss 0.1 faddes funnnhiaduuisnauilldides 0.05 fiaaans
aamwiaguiimsiwasuuladll umaaiennamsgumwgiiduiuesildsuiatundazeu ludw
asgaumwinduiuiimsanaseunasiuduudrhlufinadsuulaslunssumswdouazkansniuas
aamudsanianaaudn® uarlulmet w.a. 2558 fnsnumsAnmnuss Wada T. uazanzifsnfulina
289 subtype I uaz subtype II 28330%u BCG e Sadunndszndlnsasaudmuduids BCG
subtype T navine Taglsiwy subtype T 2aei3ndu BCG waqﬂszmﬂnjﬂum'mwu subtype II laitfiu 5%
wazdinduresUseinalaniudl subtype II Ussane 409" ﬁqﬁﬂﬁtﬁm’l'amé’ﬂ"luﬂmmwi'ﬂ%m?{mﬁ'uﬂ%mm
apseneiuggasluiatumaatsunalngdnil subtype I figauandenniafulsameduvialal udiilosan
mMInTdaugaMWIaiady BCG aunaspuzasasdmsainnelanlildmvualiasamuiinaes
Meugdeszaadalumsnaauazmamuanaumwasiadu BOG® fuitlifislumsanasaumaiugtos

v a va g Y a
lursaljiimsmesguazguaovessnalng
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msfnwilawmuuazUssiuaugndaanIzaNya9ds Real-Time Polymerase Chain
Reaction (Real time-PCR) l#amamanenugdasuausa BCG Tokyo 172-1 Tuingu uazyinmsnsadau

awuggesvandaluiadu BCG Nudnludssina lull w.a. 2555, 2557 uaz 2558

D INUASITANINTIU
JeZu BCG shawug Tokyo 172-1 w@alagaonuianm ammanalng 91w 15 JUMKHEe

= a
NHan

=

U w.e. 2555, 2557 uas 2558 laguaazinadaudagningy WU 5 JUNHEA
[ BCG Tokyo 172 subtype II anawug BCG/pS0246 lot 29092000 Mnauginalulagiinin
Mamsunngd nasnenenaasmasunng Feil pS0246 plasmid ﬁ@'i"asiamﬂﬁ%ms Kanamycin l#lunmsia3au
ALBUDNNATFIU subtype 11
fdueras BCG Tokyo 172 subtype I uae subtype II MNAULUNNEANFAT NWINENFBNTAS
T dudidwemuaulumsnsagau subtype die35 PCR

m‘%‘mﬁauazqﬂmtﬁ

13D LNSIN A TWUENTINIU ProFlex™ PCR System uastaiasiiinudinaanswugnsu
°1uamwaﬁq§u QuantStudio 6 Flex Real-Time PCR System 284 Applied Biosystems Uszine aw%’g LI
Lﬂéaﬁ'@ﬂ%mmalﬁma (Spectrophotometer) 'g'u Nanodrop 2000/2000c¢ 284 Thermo Scienctific
Useinaanigansn LA3PIENENMINLS (Gel documentation system) 'g'u GeneSnap 284 Syngene
Ussinaansgansm th3aaueniBuamenszudlnih (Electrophoresis) 34 MUPID-eXU 284 Advance
UssinAansgaan

MIAfiLazamIsaBNde

Agarose, Ethidium bromide, 10x TE buffer, Phosphate buffer saline, TE buffer pH 8.0 low
EDTA (molecular biology grade), Sodium Dodecyl Sulfate (SDS) w8z Proteinase K (recombinant,
PCR grade) waannagiaed Thermo Fisher Scientific UszinAansgatndn Cetyl Trimethyl Ammonium
Bromide (CTAB) uas RNase A solution (Cat.No. A7973) WanAm9iua9 Promega Ussindansgaiusn
TBE Buffer Ltaxqﬂfwmém%'uLﬁuﬂ%mmaﬁﬁuqﬂﬁué’aaﬂﬁﬁ%mgnﬁ (PCR) KAPA 2G Fast Multiplex
PCR Kit (Cat.No. KK5801) wanfawiuay Kapabiosystems Uszitnaanigaiusn qmifwmﬁm%u
Lﬁuﬂ%mmmsﬁuqnisuﬁmﬂﬁﬁ%sn Real-Time PCR, QPCR Probe Master Mix LRox (Cat. No.
BR0500502) wa¢ 50 bp DNA Ladder (Cat. No. BR0800400) Wanui2a4 Biotechrabbit Ussindannus
515U IN

mm'sl,?iymu,%ya Middlebrook 7H9 broth (Cat.No. 271310) u,axa’lm'sl,?:ml,ﬁa Mycobacteria
7H11 agar (Cat.No. 283810) 284 Difco TM, BD Usztnaanigatusn m%smmmi%ﬁszqimanmsﬁﬁu
YR HEH Tumsiwziaeeda BCG subtype 1 §3u subtype II tiin kanamycin luanmsladl
ANNENEY 10 lulasnsuaaiianans

asazaIe Sauton (@3ENMNIENILYIWITINATIIUMIATINFBUANNUIUALANNAITIVBITATY

BCG""
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11328nuUU Primer uaz Probe d%35Un1309230875 Polymerase Chain Reaction (PCR) uag
Real-Time PCR

Primer w3uasiadaumeiugaaciaiidinaeis PCR uas Real-Time PCR aanuuulngaide
ANNENI5ETIN 2 subtypes Tughuwis RV3s40sc 289 RD16 region 1 Primer dwsuasadaudisds
PCR sndemuviannanauiineala lnduas Mycobacterium bovis BCG strain Tokyo 172 substrain
TRCS, complete genome, Query ID: CP014566.1"° ugadlumseii 1 sz murB-Fw uaz murB-Ry

Hlu primer &%SUNTIATDU murB gl housekeeping gene 284178 BCG

m597 1 auiedlalng dunis wazguaniGuae Primer log35 PCR

Primer Sequence 5’ to 3’ Position* Tm (°C) %GC
BCG-RD16-Fw CGTTCGATGATGTCAGCGG 3809348-3809366 60.3 57.89
BCG-RD16-Rv CAAGGACCAACTGGTTGGGG 3809399-3809418 62.7 60.00

murB-Fw GATAGTGCCGCTCGCTTTTC 3799061-3799080 56.92 55.00
murB-Rv GTAGTTGGAGGACGGCATGAC 3799169-3799189 58.37 57.14

*29d4 Mycobacterium bovis BCG strain Tokyo 172 substrain TRCS, complete genome, Query ID:
CP014566.1

d UM 39919618735 Real-Time PCR 09NWUY primer uag probe 2 40 fa #afi ldnmamuzanm
AR subtype II Usenauaia BCG I/II-Fw primer uaz BCG II-Rv primer wazas1930laaly
RD16-probe fidaamndeasiiasuas FAM Ll,azqﬂmﬁ'mnmﬂ%mmﬁLﬁutaﬂau"ga BCG nanua
Usznaume subtype I wae subtype II Togaanuuuli primer LLe% probe %’U@g”lwh UWYiUYDN murB gene
Fadlududisniuiedastuaiumsdanszd peptidoglycan wowiiawadunsiio Mycobacterium™®
Fadluumisiivhenndiy RD16 %1 10 kb 14 murB-Fw was murB-Rv primer wazl# murB-probe
fifeamnaeasEasuss NED funiauad primers uaz probes 28933 Real-Time PCR 8198331910
sauihadlalnduas Mycobacterium bovis subsp. bovis AF2122/97 complete genome, Query ID:

BX248333.1%° #qlauaaaaauiineala Ing luasnm 2 uas 3

m317 2 Mauihedlalng dunis wazauanifuae Primer 10g35 Real-Time PCR

Primer Sequence 5’ to 3’ Position* Tm (°C) %GC
BCG I/II -Fw CGGGATATCCGTCCAGCAGTGCC 3777567-3777589 65.48 65.22
BCGII -Rv. = CGAAGCTGACCAGACTGTTGCACTCC  3777648-37776173 64.40 57.69
murB-Fw GATAGTGCCGCTCGCTTTTC 3767223-3767242 56.92 55.00
murB-Rv GTAGTTGGAGGACGGCATGAC 3767331-3767351 58.37 57.14

*89DN Mycobacterium bovis subsp. bovis AF2122/97 complete genome, Query ID: BX248333.1
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AN 3 eUiealalng wazeunaYeae Probe 1aegA5 Real-Time PCR

Probe Sequence 5’ to 3’ Position*

RD16-Probe VICGGCTAAGACCCGCCCATGTCGGTCMGBNFQ 3777591-3777614

murB-Probe NEDCGGCAAGAGTCGGATGCCGTAGTAGAAGMGBNFQ  3767246-3767273

*89DN Mycobacterium bovis subsp.bovis AF2122/97 complete genome, Query ID: BX248333.1

Mswnziasdanniafuilauanlalaiiiieruas BCG Tokyo 172 subtype I uaz subtype IT
azanaiadu BCG @sdsazany Sauton ué'améﬂawummil,gﬂu%a Mycobacteria 7TH11 agar

iliiufigamgil 37 ssrnades wu 3 §ev asadeuuazdanlalafiideusnudaslalaiazas

Tuahsazans Sauton ud subculture daluauifiusnuarlalafvasdoisnuaeien Suhmasadudy

subtype I uaz subtype II @1835 PCR anuummstvydwuaanlalaiveilagihinimnzides

1
T

Tuewnsideaa Middlebrook 7H9 broth 1hluusanunil 37 asrwaded W 3 dUan i glycerol

9 U

Twfianudndu 25% (v/v) usnnu@alingamgil -8o asenuades

Mseexddua BCG subtype I uaz BCG subtype 11

¥mMsafe Genomic DNA® Tasiida subtype I uaz subtype II fitnzdautuanaznoy
uazdNazNaUME 0.1x TE buffer Mntuasmaidade 0.1x TE buffer ihluduiianmgii g0 asmuwaidea
WU 20 W WaNERdIY lysozyme ANNENTY 10 Hadansudeiadans Mntudaslusiudie 109% SDS/
proteinase K waitdy 5M NaCl uazasazara CTAB/NaCl Lﬁlaﬁ’lﬁlﬂa’l‘jsu waLdn chloroform/isoamyl
alcohol §amau 24:1 shlutuiienuid 10,000 soudaNT W 5 17 gadnladuuuhindia RNA de
RNase A anuuad 10 adniuaaiiaaans anaznaudBueae absolute ethanol tufiaug 10,000

sauapwi Ngamnivios gadruladuuuniauaiiiis cold 70% ethanol Yuafiaui3? 10,000 s8UADUT

q U

d‘ a Y 1 kg Aq, J E4 4 d‘ a v kg kg
Nnaunnliias aadiulamuuune YasaaznauliuiiNoamniivies uaazaanznauals 0.1x TE buffer

q U U q U

[ a a S v 2 L a o Y & aa val a = P2 Y o
U UALUBMILATDNIUTINUADULD LLa']LﬂUﬂLBuLﬂI’J‘VIQﬂlWQN -20 pNFNLTDLTEd LWBI%HJ‘L!GI']W)UQN

mInTaasuasnuguaziufiduennsg1uwedIs Real-Time PCR

[ < (Y v [ i o ] v a .
NMSENARALIULBAINAIBENNIATY BCG Lﬁammmmﬂwuﬁ:slaﬂmmﬁ Real-Time PCR

avaneingu BCG aqe TE buffer inluduigamail 4 asenwaied anui3) 15,000 59U

o~ v i Y v ¥ & Y a ' o oA a =
WU 10 UIN ﬂ(ﬂﬂjunla(?‘l']uuu‘ﬂq ﬂua’N‘ﬁ’] 5 AN wWaeN TE ﬂauuqlﬂUqumﬂ{]N 80 NALTILTYH

U
v ]

W 20 Wil uauNeNNE) 15,000 59UGDWT Aol 4 svmwalded wiu 10 Wi gadwlamuuy
NN NFUTINGB eI e UG a86181A389 QuantStudio 6 Flex Real-Time PCR System

IeziualoglUsunsy QuantStudio™ Software V1.3
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msmmaaumﬂﬁ'uﬁ:siaﬂwmL%yaTﬂTaﬁtﬁmﬁm‘i% Polymerase Chain Reaction (PCR)
‘Li’laL"r_sml,aﬁﬂﬁlﬂlﬁ’u'mﬂﬂauiﬂﬂﬂﬁﬁ%m PCR #ilUsinassumanue 12 lulasdas Ussnaudae
doute 2 lulasdas BCG-RD16-Fw 0.5 uM, BCG-RD16-Rv 0.5 uM, murB-Fw 0.5 uM
ez murB-Rv 0.5 uM %ilaaz 0.6 lulasans inau 1.6 lulasans uaz 2x master mix 6 lulasans ud
ymaiaGnafiduedienias PCR Tasdalusunsu Pre-PCR ﬁqmwgﬁ 95 avAwalded 10 Wi W
iiaFanadidue Sy 35 5o udarsauisznoudie denaturation step figomgil 95 avAnuraITEd

a =

15 U179 annealing step ﬁqmwgu 60 aNAPA@HE 15 UM Waz chain elongation step ﬁqmwgﬁ
72 aemwaded 30 il (Wensu 35 50U UMMM post-PCR ﬁqmwgﬁ 72 avdngaded 7 Wi
wazgauvgdl 4 ssewadea nntuhudana PCR fildauenaunadis gel electrophoresis Tagld
agarose gel ANNINTU 29 (w/v) anuadnd i 100 Thad danunuamemsaraaadinenlusiug
shamumelauss UV ¢rea3ag gel documentation T BCG subtype I 4z subtype II @533y band
ﬁwum 71 War 93 bp MUMGU "Ums‘ﬁl murB gene ‘?%QL“TJ‘L; house keeping gene mmwuﬁwum 128 bp

ﬂ' =) = [~
LNE]Lﬂi‘c’l‘UL‘VlElUﬂUG]LE’)uLE]NWGﬁﬁ']u?IHWG] 50 bp

mafiauIsanalensiviinuiiduerasaeiugdas BCG Tokyo 172-1 M#35 Real-Time PCR
a13@18anmMs TagMan hydrolysis probe Real-Time PCR lo#l¥ primer waz probe 2 40
aaiuaaslIlumsd 2 uaz 3
m'sﬁnmamazmmzawaqmsﬁwﬂﬁﬁ%m‘[m@mmaﬁwaxwaqmsLﬁmmﬂmﬂﬁuﬁfﬁamﬂmmﬂ
@38ufALBUEe BCG subtype 11 log@aaedtdutauas BCG subtype II ¢g TE buffer pH 8.0 Tvifianadagu
1,000,100, 10, 1, 0.1 uaz 0.01 Wlaniuaalulasans tie ldahunnwmnasgu HIUMINTIRFDUANNYNABIYBNID
#4515 uteaae BCG subtype T uaz subtype IT faansluiidnsiu % fi5uovas BCG subtype I: BCG
subtype IT 1111 95:5, 60:40 waz 5:95 MuMAU uaih lunufasenlulSinasruudasvaan 15.85 lulasans
Falsznaude DNA template 2898150105574 (DNA subtype II) UazIAZUMBENUENYADN NaDABT
2 lulasans legldmslundaziaaalsenaume 10 uM BCG 1/II-Fw waz 10 uM BCG II-Rv ageas
1.2 lulasdas 10 uM murB-Fw 0.6 lulas8a5 10 uM murB-Rv 0.6 lulasdaas 2 pM RD16-Probe 1.5
TulAs805 2 KM murB-Probe 0.75 1a1a5303 2x gPCR master mix 7.5 lulasans uazihnau 0.5 lulasans
aRUsnEEuameeia QuantStudio 6 Flex Real-Time PCR System laglusunsy Pre-PCR
Gaenfigaungd 95 asenuaiFea 3 107 dinUFinadidue 1w 40 50U uderseutlsznaushs denaturation step
ﬁqm‘wgﬁ 95 ANANLTBLTEE 10 IUIN annealing/chain elongation step ﬁqmwgﬁ 60 BNFNLTALTEE 30 JUIN
M % BCG subtype II = [USinaudtdutazas BCG subtype II (Wlansuaalulasans)/
USinaidiButanaunues BCG (Wlansuaalulasans)] x100
ToaUSinadiduewas BCG subtype [T 3enzilannmslaye Primer (BCG I/11-Fw, BCG IT -Rv)
W8z RD16-Probe fianan3a3ufiu BCG subtype T #3d2u RD16 lifimsmamaliaas 22-bp ey
drumsanNalSinauddue BCG ﬁqwum’lﬁﬁm Primer (murB-Fw, murB-Rv) 48 murB-Probe

P (Y Y
NWzAuaIU murB gene ihvang
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mIaagauanylalanasis

immsnagavanuiudunsiuazdrmsiesnzd anudisense ¥aEANNYNADI

anuiludunsuazdNmMsia e (Linearity and Range) A919ALVPLDUB2BY BCG
subtype IT AN@NTY 1,000, 100, 10, 1, 0.1 uaz 0.01 Wlansuaalulasans dreLe3as QuantStudio 6
Flex Real-Time PCR System #5n9Wa0551U52%96 cycle threshold () AUANMNLIENTUYEY DNA
"3Lﬂ’i’l::ﬁ‘lri'ldﬂﬁuﬂizaﬂgﬂ‘ﬁﬁﬂaukl (Coefficient of determination, r*)

pINLTIENaT (Precision) asnadauly 2 wara laun msvhelududeniu (repeatability)
laaMsaNim % BCG subtype IT Tudaeaingdu BCG Junsuaa@ennuiuiy 6 210 uaazele
mslensi 3 9 mmsiensiluiueznaidondu Tesginnsieuds Sesnzimeadulszans
AaNNUsUTIU (% coefficient of variation, %CV) LLGZﬂ’liﬁ'l‘g’lGiN'ofu (Intermediate precision) Tog
MMIATILHEMN % BCG subtype 1T ludiaegeingu BCG jumswaaidieniuainiunu 6 210 logudazee
MMFienet 3 1 msiensiieiu Teadinsiauden Sensim »Cv

ANNGNGEN (Accuracy) ATIAFBUMSDEAZMIAUNAY (%Recovery) pasUmndidue BCG
subtype 11 lughatheiitaIoaliidadu % fBuaves BCG subtype I: BCG subtype I1 71 95:5, 60:40
Wae 5:95 Thmsnadau 6 @ Mludaszaany

AUNAMSAUNEY (% Recovery) aail

% Recovery = (% @L5ulawas BCG subtype II #3ala/ % @5utenas BCG subtype 11

ANTIVA) X 100

InTIUSINavas % BCG subtype II Tuiadu BCG Tokyo 172-1 @875 Real-Time PCR
AT % ALdUDPEY BCG subtype II Tudiaihindu BCG @835 Real-Time PCR 11y

15 JuMInae Nuaalul w.a. 2555, 2557 was 2558 laaNAdaUFUNMIHANMIDENAE 3 290 MILIBIWMUIAY

mﬁmiwﬁ'ﬁagammaa

= '3 aa a vV 4 1 N' 1 ﬂl
AeNziuazuanslaaddfidanssann laun saaay Mds (mean) wazamidasiuuannsgiu (SD)

We

n1sl,ww|,'§ﬂ\1ﬁ;auazmsmnaaumﬂﬁ'uﬁ:

Snwalalaiiifienuasds BCG fildnnmsimnziassiady BCG vuamsideaiss Mycobacteria
7H11 agar wuhlalaiiia s Talailfideninidnsasadanieiu defifvdsssau Gou zaundn yuasinan
@niiay Ehm%wa BCG subtype II mﬂﬂ’uﬁ: BCG/pS0O246 LiI"’e‘lﬁﬁNﬁLW”l%Lgﬂﬂ‘iJumﬁ”ﬁLgmL%a Mycobacteria
7H11 agar 7l kanamycin wuhlalaiifanuasdivdassau saundn ﬂquwixﬁzﬂﬂiaﬁ

ijamnaaumaﬁ'uaff;iaﬂwa\‘u,%yaﬁl,wmgmlﬁﬁmiﬁ PCR (mwit 1) wuhia s Talaiiidaninan
mstnzEesaduiinneuasdana PCR whiu 71 bp ugashdannzdeasldnamundlu BCG subtype
I ﬁm%"uﬁLSuLaﬁaﬁﬂmmﬁyamﬂﬁuﬁ: BCG/pSO246 Wuhilunevaiwdnuna PCR whiiu 93 bp (i 2)
uaanu subtype IT Jaih W lddnmanuiudunse anuuiuguasanugneaswsdis Real-Time PCR
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(39 ]

3 4 5 6 7 8 9 10 11

M ]

murB
200 bp

100 bp — BCGsubtypell

\ " BCG subtypel

¥ ]
aaa

AW 1 WANITATIVSBWUS aNIWIzEeNaInIadu BCG nnUfjisen PCR Mihauenznalesly

9

gel electrophoresis UU 2% agarose
Lane M: @18utaanasguaue 50 bp Ladder; Lane 1-8: dLdutanananndaiinziaesann

103U 8 Talafl Lane 9: #tdutauas BCG subtype I control; Lane 10: ftduta2a4 BCG subtype 11

control; Lane 11: negative control (11nau)
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MU 2 HaMInTINENERUSFe BCG /pS0246 nUfisen PCR mhanuenuinalagly gel electrophoresis

UU 2% agarose
Lane M: ﬁtﬁutammgmwum 50 bp Ladder; Lane 1: BCG/pS0O246; Lane 2: fduaas
BCG subtype I control; Lane 3: @tduta289 BCG subtype II control; Lane 4: negative

control (WNaU)
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nsaadauanuldlavaddsinamn

Han305299UANNTH 028935 Real-Time PCR lumsisnsviusmnadiduevasmeniugeas
L%ya BCG WUiﬁﬂiﬂWNmigmﬁm'%ﬂnmﬂ BCG subtype II DNA :ﬁmmL"fJuLﬁumqﬁﬁNmmwmﬂ’uﬁu
289 DNA 32w 0.01-1,000 WlanSudalalasans dausaslumuii 3 draghennvanaspuszuine
cycle threshold (CT) AMUANNINTUDDIALDULB2BIEIU RD16 target (UN) W8z murB gene target (89)
HAILATIZRA2BINININATTIUNUIY 6 ada uanslumsnd 4 WUNNNNNNATIURIER RD16 target
(BCG_I/II-R) fiemas (mean)+ iﬂ'amﬁ'mmummgm (SD) 28 slope lNU -3.457+0.083, Y-Intercept
WNNU 31.093+0.591, r’ LWNAU 0.998+0.001 Waz % efficiency NNU 94.741+3.152 §1¥FUNTIWNINTFIU
289%0 murB gene target {@1 slope LWNNU -3.523+0.069, Y-Intercept L¥NNU 30.699+0.423, 1’ (AU
0.996+0.003 W&z % efficiency LNNAU 92.312+2.502 MUSIGU

Standard curve: BCG_LII-R

i B AL

ELLEEET’

g

- - - - — - , - - - - p— |
oo oo oo oo [-1] L} 1 2 348 0 0 » w0 20 o0 00

Quantity of DNA (pg/ul)

Standard curve: murB

315

25.0

0001 0.002 001 002 01 02 1 2 348 10 20 0 100 200 1000 10000
Quantity of DNA (pg/ul)

Mt 3 nnudgesenaduRugsziee eycle threshold (CT) AulSinaditiuazas BCG subtype IT

NANTNIUTEWIN 0.01 - 1,000 AlAnSuaalulAsans (pg/ul) @185 Real-Time PCR
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MINH 4 AAINIATFIUALDUBYEY BCG subtype II Audutusening 0.01-1,000 AlAnSy
aolulasans 1ae35 Real-Time PCR

o 4 r’ Y-intercept Slope %efficiency
AN

BCG_I/II-R murB BCG_I/II-R murB BCG_I/II-R murB BCG_I/II-R murB
1 0.999 0.999 30.624 30.409 -3.438 -3.469 95.389 94.208
2 0.996 0.992 31.791 30.927 -3.324 -3.408 99.918 96.510
3 0.999 0.998 31.194 30.841 -3.520 -3.573 92.367 90.478
4 0.997 0.996 30.467 30.063 -3.541 -3.549 91.615 91.335
5 1.000 0.994 30.696 30.681 -3.410 -3.581 96.448 90.232
6 0.998 0.995 31.784 31.275 -3.510 -3.555 92.708 91.111
mean 0.998 0.996 31.093 30.699 -3.457 -3.523 94.741 92.312
SD 0.001 0.003 0.591 0.423 0.083 0.069 3.152 2.502

PNNNNNATFIUYIALEUEPEY BCG subtype II udaslvitfiuiisiiannsonsiadiduiauss
BCG subtype II lamgaluszau 0.01 Wilansusalulasaas uamsdn precision luida repeatability
P2 3 a 'S a g o ] [ | o J a
WammMIeTLEM % ALduerey BCG subtype IT Tudmaeeiaduaiuiu 6 220 wuh % aduteasd
BCG subtype IT agluz1961 8.07-3.95%, mean+SD AU 3.62+0.33% waz %CV AU 9.09 (MW 5)
d13UNaNsAn® intermediate precision WU % GLdULAYY BCG subtype 1T aglugiee 3.31-3.95%,

mean+SD (¥NNU 3.62+0.23 waz %CV NU 6.32 (MINN 6)

M5NN 5 ANNNEINTI28975 Real-time PCR lumsiwesnzviuSinm % dduewas BCG subtype 11
2893031 BCG lognadauluiuuazniadeiny (Repeatability)

MaeaIndu B uamivae fduLe % MLBULD
299 BCG (pg/ul) 294 subtype II (pg/ul) 224 BCG subtype 11

1 22.407 0.854 3.81

2 26.207 1.000 3.81

3 22.947 0.847 3.69

4 31.550 1.247 3.95

5 35.582 1.092 3.07

6 27.761 0.942 3.39
mean+SD 3.62+0.33

%CV 9.09

M55NTHANENANTATMTUNNE
pps o P
7 Ui 61 aUud 1 4PN - Huey 2562



aeWusdasuausa BCG Tokyo 172-1 luiaduinlse

W9 QRIYANEIIN UazANE

A5N 6 ANNNBINTIU9I5 Real-time PCR TumsienzviuSina % @dutesas BCG subtype 11
2809303U BCG lognadauaaiu (Intermediate precision)

asad Fauananun Aduta % PLEULD
284 BCG (pg/ul) 224 subtype II (pg/ul) BCG subtype 11
1 22.583 0.818 3.62
2 33.918 1.339 3.95
3 24.665 0.815 3.31
4 39.578 1.456 3.68
5 40.053 1.543 3.85
6 27.491 0.964 3.51
mean+SD 3.62+0.23
%CV 6.32

NAMSANY) accuracy Wadd % recovery bumadfduennienliiidndiuves subtype I:

subtype IT 910 95:5, 60:40 WAL 5:95 WUNNAI881 subtype II 5% §131500577 subtype II laA mean

WNAU 6.49%, recovery LA 130% 2auzNaa081e subtype II 40% §13N500532 671 mean WU 44.43%,

v @ A o ] I Y v @
recovery WNU 111% waztilamaee subtype II 1 95% d§13n50051aNWU subtype II la@ mean iy

99.63 WAL recovery WNNU 105% WHANTIEAZLDEA LUMTIN 7

@397 7 ANNNABIAIIS Real-time PCR lumsitanswi3inm % diduezas BCG subtype 11

a Y ] a s & a a s
% Ut BCG  agN ALDULBTNYING ALRULDYBN % DLDULD Mean % recovery
subtype I: 224 BCG subtype II 224 BCG
subtype II (pg/ul) (pg/ul) subtype II
1 18.229 1.160 6.37
2 18.651 1.136 6.09
3 19.881 1.246 6.27
95:5 6.49 130
4 19.585 1.293 6.60
5 19.059 1.289 6.76
6 20.320 1.397 6.87
1 18.738 8.254 44.05
2 19.840 8.343 42.05
3 20.798 8.877 42.68
60:40 44.43 111
4 19.524 8.538 43.73
5 19.493 9.154 46.96
6 22.618 10.661 47.13
1 17.514 17.262 98.56
2 19.100 19.003 99.49
3 18.933 17.950 94.81
5:95 99.63 105
4 18.631 19.219 103.15
5 18.822 18.947 100.66
6 19.997 20.223 101.13
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U3uawas % BCG subtype II Tuindu BCG Tokyo 172-1

nnmahdeeeiadu BCG findall w.a. 2555, 2557 uae 2558 T1nuilaz 5 JUMIWAN 1059
wUSane % fLButeras BCG subtype II #1833 Real-Time PCR wuhiaguiinaadl w.e. 2555 feiade
% GuBuloras BCG subtype IT agsenin 7.04-15.25 aouiiinfunantl w.a. 2557 ua 2558 feiadsog
FEWTN 4.98-7.63 LAY 4.26-6.59 MNANAU Lagiia %CV°z|mLwiazﬁumswamwmﬁv’qmuﬂaﬁluﬁwm 1.46-10.11
Fauaaslumaail s

9199 8 USinae % dduLewes BCG subtype II lumatindu BCG findnludseina

% PLOUDYDN

Ywe. umswde w00 Anae SD %CV
) BCG subtype II
1 7.19
A 2 6.96 7.04 0.13 1.89
3 6.96
1 10.40
B 2 10.14 10.31 0.15 1.46
3 10.40
1 15.47
2555 C 2 14.88 15.25 0.32 2.13
3 15.41
1 9.12
D 2 8.55 8.55 0.58 6.73
3 7.97
1 13.82
E 2 12.31 12.92 0.80 6.16
3 12.63
1 5.20
F 2 5.30 5.15 0.18 3.50
3 4.95
1 4.77
G 2 5.15 4.99 0.20 3.95
3 5.05
1 5.22
2557 H 2 5.12 4.98 0.34 6.80
3 4.59
1 6.24
I 2 6.11 6.22 0.10 1.63
3 6.31
1 7.79
dJ 2 7.60 7.63 0.15 1.99
3 7.49
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5191 8 USinae % Adueuas BCG subtype II luaiedheindy BCG Nuaaludseina (da)

% PLHULDYDN

Pwed  Jumsuda 0 Aae SD %CV
! BCG subtype II
1 6.64
K 2 5.49 6.05 0.58 9.51
3 6.02
1 5.04
L 2 6.00 5.37 0.54 10.11
3 5.08
1 6.03
2558 M 2 5.95 6.07 0.14 2.38
3 6.23
1 6.80
N 2 6.85 6.59 0.41 6.28
3 6.11
1 4.25
(0] 2 4.09 4.26 0.17 4.00
3 4.43
el

mstnzEsEenn Ay BCG LﬁauﬂnTﬂTaﬂLﬁ'mwmmﬂﬁuﬁ:ﬂaﬂ BCG Tokyo 172 subtype I
Wwaz subtype II fldnseadiuamasulumsnsaieneiaeds Real-Time PCR wuinilu BCG
subtype I manue #eflau1auas PCR amplicon 1198031 BCG subtype II 890Adasiumsseny
289 Honda L waranz™® finsnudnsarlalaiuvudsutazuuunenu wasnwumsnameasinadlelng
2934 BCG Tokyo 172 subtype 1 u,amiﬁ'l,ﬁuiwnﬁﬁnmm%«f‘nnjmmiauﬂﬂ BCG subtype 11 laanms
insiassdanniauwifims subculture Tlichnh & a5 Fanaiennmsiiseusteszauda BCG
Tudagudrwlnaillu subtype I Faflu subtype Aidnuaedu “spreading colonies”®® M# type I
w‘%ty@u‘[mlﬁ'ﬁnh type II uazdaaAa N UMINENUYD9 Shibayama K. wazaae® fiwu subtype I1 19.5%
T BCG Tokyo 172-1 uazanauvaatiie 5.6% Liiaiims subculture s il Tokyo 172-2 udasd
ﬁwuauﬂégmaqmﬁ subculture ﬁtﬁuﬁu mmsndwaslﬁ'ﬂ%mm%a BCG Tokyo 172 subtype II anav
wl¥msinzuenida subtype I 9nSagurhldenn uannnilsnsazsinzaaada BCG fitnwaginimeiu
mstmﬂlﬁlﬂmﬁwmﬁmiumi subculture ®a4¥1NM9 subculture ¥INAI 20 ﬂ%v'q%ulﬂ WazETOUN
mﬂﬁ’uﬁ‘:ﬁﬂuﬁuagﬂﬁ' Tumsdnmiiaalal#ida BCG Tokyo 172 subtype IT anewug BCG/pS0246 finsnaau
AMENTANINMEMNWLTATIFEUEY subtype i PCR Lﬁam‘%ﬂuﬁlﬁmamm@uwm subtype II

38 Real-Time PCR #l#lumsanmiilaiinmswanndaulasnainisues Shibayama K.
wazane® lumsas1am subtype I wae subtype II loganda@nuaINsewig 2 subtypes Tuaunis
289 RD16 region 21nm3l¥ primer was probe Haanuuuly 2 %0 Ao qmﬁ“lﬁ'mnmﬂ%mmﬁtﬁma
284 subtype II LLazqmﬁiﬂﬁmnmﬂ%mmﬁLﬁmawmL??a BCG wavwa vhldsinsesmunanSinamaeie

BCG subtype I luindu BCG lov
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KM 53U HUANNYNABIMINLENYBIIE Real-Time PCR WuhnsWanassugaimsnaia sy
Mdwe fanuihuduasilutweimslnnsifisuezes BCG subtype I finaanudadiu 0.01-1,000 Wlan3y
dolulasans FenanmsaagauANNuNLELazANNITienswedld uaasldifiuida Real-Time PCR
NIN5AIIATNRUSINadBUEYY BCG subtype 11 luSadudiathaldathaiiasnss deduszans
anuulssiuem namsrheluSudeuazdeiuiy SEiRamnauanmnsansamUinadEueyes BCG
subtype 11 lglngidsetiuaase udiloUSinadiduiares BCG subtype 11 fszeuani 5% laa3auaz
msAundudie 130 Fanaionn matrix HFluMsEIeNNNNANAITUAU matrix AlFlumseTaamausiugh
e naMAanNUINAIFIUALEULIE2DY BCG subtype 11 Y murB gene target wYNTDINGAE
f5uLeras BCG subtype 11 tilgnatatdien vaeiinsfnanuwiy murB gene target wYNIDINAE
fdueres BCG subtype II uaz subtype I UsznaununsMaesgI1u2ed murB gene @ copy number
azanagluzag 10-100 Wlandu wlvddsuuudeuiegalumsasaiasinadin suilululdiazasnawy
U3 subtype II lamgeniamaseluiagu Feduannazil subtype IT 0T 109672

NNMIANNANLHUSINUDI subtype 11 TuSaduiinanlulszmnelne 3 w.e. 2555, 2557 LAY 2558
M 15 Jumandn wuhiadu BCG waslsumalnefizamenusdesnsdasneiusliuanseaningu
fiudanaesznd ™ Tagwuhil subtype 11 Hasnh 109 Tuiadu 12 U wazdl subtype I 3N 10%
Tufadu 3 u fiwdalull 2555 Tosfienlndidssiulugumandadeduwesuiindaluiidadu Nedwuh
Saguiindalull w.a. 2555 TUSnawazanuisauussniniumsndadouieg Walisudiuiaduiinde
il w.6l. 2557 waz 2558 Fanaiululdhiuaaumsidansnsalalaivaadariiah Ul @sadinysnn
TunszuumsuanIagudl w.a. 2557 Waz 2558 AANNETNNIANINIY S RIUSINA subtype TT Tuiaduy

U A e

Aeuthasmasiiuazlndidiesiu dwsull w.e. 2556 lufimsudainduisliidhagahandnm
wamsasIFauMERUSiatuaude BCG luiaduiindalulsuma dudulddamuiiadu BCG
fudalulszndlneiiy ﬂszﬂauﬁam%aﬁy’qammﬂﬁuﬁfsiaﬂ TogSaduduluainuida subtype 1T aanih 10%
Jufludayaiinndufunamsfnmneas Wada T. wazaniz™ finsnuhiadu BCG Aindonnuszmalng
\fiu BCG subtype IT 100% ndayaillmilldiusuammmwindu BCG findalulssmdlnghiidaduas
MeRugdasiia BCG filiuanssnniadunasietssne Salithesflummaiiinldideamslifsssaed
waamslFiatuiinaulugnnmihumn msseumumavguasems lifisszadiiistuiudamsingen

tavsduas

asu
9

] Yy v
g = =

FDYINNMIANIFDUANNIMINZANYIISUaAI11LANINIT Real-Time PCR fiWannduiianansa
057931079 BCG subtype II Tufaduldgndas usiu wasiiohanldanaseumewusdesluiniu BCG
fiudotl 2555, 2557 uaz 2558 WuNiAFU BCG sasdsundlnefidamenugtosnadasaeiug liuaneg
nnieduindannealszned Tagsadudlnalil subtype 11 dasnh 10% ﬁay}aﬁlﬁmuﬂs:‘[%ﬂ%’ﬁuﬁu
aamwinadu BCG findalutssmalne uazesinsdadiumasmeiusdendia BCG lumsgaumumaning
mafaaimslifislssadndsldsuiadu 3435 Real-Time PCR fiwanntuazihludszandldiiiodu
FBnaspulumsensfemudadumeiusiosuaaifa BOG lufafuiiemsmuauanmniagudaly
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Investigation of BCG Tokyo 172-1
Subpopulations in Tuberculosis

Vaccine Produced in Thailand
using Real-Time PCR

Wereyarmarst Jaroenkunathum* Sompong Sapsutthipas* Nuanjun Wichukchinda**
and Supaporn Phumiamorn*
*Institute of Biological Products, **Medical Life Science Institute, Department of Medical Sciences,

Nonthaburi 11000, Thailand

Abstract Subpopulations of BCG Tokyo-172-1 in tuberculosis vaccines manufactured in Thailand have
not been investigated, therefore, a method using Real-Time Polymerase Chain Reaction (Real-Time PCR)
was developed and validated to determine BCG Tokyo-172-1 subpopulations in 15 lots of vaccines
manufactured in 2012, 2014 and 2015. Our validation results showed good performance on linearity
with coefficient of determination (r*) was greater than 0.99. The developed method demonstrated its
precision and accuracy, as determined by percentages of coefficient of variance (CV) and recovery range,
was <10 and 105-130, respectively. In addition, less than 10% of subtype II was found in 12 lots and more
than 10% of subtype II was determined in 3 lots that were produced in 2012. Our study suggested that
the established Real-Time PCR method was suitable to detect subpopulations of BCG Tokyo-172-1 and BCG

vaccine produced in Thailand contained both subtypes.

Keywords: BCG Tokyo 172-1, tuberculosis vaccine, Real-Time PCR
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nsaagasgnuay Dendritic cells Autzaa

a’iﬁ’a« 1y

U

'~ Y i Y
NSLIN tmjuuiuﬁﬂaﬂﬂﬂaaﬁLﬁaﬂﬁgﬁ)‘ulsﬁaé)

v [ a =)
FAINT F019NH AU UEDINY* UATUBINITIM AIITIBULH
*FNUUIVYINEN IO UG SN TIIMTINENMNFATMIUNNE NSNINGMTATNITUNNE DUUTIIUUT
WUNY3 11000

unAAga  Dendritic cells (DCs) 2asgfthenzSalisinsonnadunanieuamasnzGuionszuizastiio@dann
Tivhauleaeheliuseansmn mlinamsunsnsznepanaduside msanwiliaiiaudszdnsaw DCs lurasanaass
waznIzfuadiladan21ziie T lymphocyte waz Natural Killer (NK) cell TdvhanamadaziSaeiuy
TosAausniraaiiadanangiialulugderiain Buffy coat wesladauinediu 6 8 nszqulviiu DCs aqe
GM-CSF uaz IL-4 {Junm 6 11 uazaaingaanifzas DCs ae35 Flow Cytometry wulgagaananing
udaeaanzee CD11c oz HLA-DR uazaamsuaasaanzad CD14 :1niuii) DCs ma%'wmaﬁgnmauﬁ'uLsziaa‘ml,%q
hun (MCF-7) a593anad59msaswasgnuan aae35 Flow Cytometry wuhaansoasmadgnuanla ae
Wusagaade 34.67 MNMINATDUUIZENTMNLBULASINHEN WUTIENITONTTAUMIIANTINIY T lymphocyte
a v & v P a a o s 8 v P v

Wwasnnsaeaz 24.55 Wusoaay 72.00 uaztivnszansmw NK cell lumsmaawaauzsisamuniaasnniasas 22.91
& v = & & v & s P v o I3 M o o

Wusezaz 65.59 msdnmitsnansatudunuulumsinzideanaagnuan DCs uaztialdwannidumadandmsy

snwgihanzGuimuneall
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UNU

enugidmssinsdnelniasssmalng wunzdadungaiududuislundalng dodu
fau0z 41.96 apsgfihanzSenanue® masnmuziadiemaida memeuss wezmslieaithile
TiianansavhanemaduzGalananue faiimsunsnssnemeaaduzdslufinsezd 9 Idmneme s
wasuzwasiithemansadudimahnuasssuugiduiuilfidemsuwinssnesasaduzSanniu®
madeRanissnnusdiiivszansam hindusnifundaunsnszne Ssfienuiuiu thatufimeiann
Sonusidilasnsequpidumuluging Taslifisnssduasuasiihamdnhuaduasdauannssdugidudiu
Tugthe e ldainsanmsuasdudamsunsnssneraugasuzSald dagiumaiindssdnsnm
284 Dendritic cells (DCs) Wumadanilasuamuaulantheann iasn DCs luwasinsrasuiegus
[BBANZITUBLNITAUNMUUIGIZBY T lymphocyte LﬁaLa%umsmauauaqmqgﬁﬁ'uﬁ'u LAZATLAUM TN

q q
3

299 NK cell tilahmeaduziSagnsiilszansmw®  Tosfinsnuhmsahasadgnuan DCs fumaduzds
¥iaen 9 ensanszquiasgiauiulvieausussuazmaawasuzseegniussdnaamn®
Bmsaswadgnuan DCs Tuszauvaslfudmsannsanlanarsds laun 1) 35mamamn
iy msldnssualiihmilenshlwiRemsdensussnhnugas® 2) Samedamw wu msldhiadudinhmn
Tahamadgnuanlugadithnne® waz 3) Bmsldmaeiiitauauiamldiiomsidaniuszving DCs
UaLlTadNLI3e iU @5LAl polyethylene glycol® lysplecithin®® wag fusogen™” (Huau
msfnmnilldnssdu DCs Tasauzadgnuan DCs fumaduzdudunmzisdluvaaanaaas
Tagld polyethylene glycol uaznagaulszdnsmwapmaagnuay DCs @aM3uLNaad T lymphocyte

waznNIEAUNMINNULEY NK cell

MSWNELR BaTAa NS e

LWWngmmaﬁmL‘%ﬁwquN MCF-7 (ATCC®HTB-22™, human breast cancer adenocarcinoma
cell line) lu culture flask ﬁa‘immsuﬁyﬂqmaé Dulbecco Modified Eagle Medium (Thermo Fisher
Scientific, Carlsbad, CA, USA) 1% Penicillin/Streptomycin (Thermo Fisher Scientific, Carlsbad,
CA, USA) uaz 10% fetal bovine serum (FBS; Grand Island Biological Company, Grand Island,
NY, USA) ‘u'aJL%aﬁuzﬁqﬂluﬁlwwtgﬂqmaﬁ ﬁqmwgﬁ 37 pvaded (o) lugneii 5% CO,
asmgmaainausadusiimeldndasganssmi ilawaduzFaudsiauldmadiszanaiosa: 80-90
PasiunziEe Suhintdasdaasazans 0.05% Trypsin-EDTA (Thermo Fisher Scientific, Carlsbad,
CA, USA) ‘ﬁqm‘ngﬁ 37°% lusnneiidl 59 CO, 1w 2-5 1l udnhwasidasldlumnedeads viarhly
naaaslutunsudsly

M3te3an DCs

1 Leukocyte-Enriched Buffy coats anaianasiassiuiu 6 519 sniudauen Peripheral
Blood Mononuclear Cells (PBMC) lag/ld IsoPrep (Robbins Scientific, Sunny-vale, CA, USA) ua
hnAauenras lulugey @835 CD14 positive cells purification logld Immunomagnetic Microbeads
(Miltenyi Biotech, Bergisch Gladbach, Germany) maaaaauwawuu‘%qw‘§ (purity) uaz@NNLNDU
(identity) 2augaalulugelagis Flow cytometry saeia3as FACS Calibur instrument (BD Biosciences,
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San Jose, CA, USA) ihzadlulugey ﬁlﬁmﬂsw‘fﬂﬁlﬂu DCs ‘[ﬂmwwztgﬂqﬁqmwgﬁ 37°% luaane
il 59 CO, lueysiasnad RPMI 1640 Medium (Thermo Fisher Scientific, Carlsbad, CA, USA)
iilalala 1,000 unit/ml Granulocyte-macrophage colony-stimulating factor (GM-CSF;
Miltenyi Biotech, Bergisch Gladbach, Germany) 500 unit/ml interleukin-4 (IL-4; Miltenyi
Biotech, Bergisch Gladbach, Germany) 10% FBS waz 1% penicillin/streptomycin Wuna 5-7 T
Tmmﬂ'a"ﬂummsl,ﬁymmaa‘nﬂ 2 Su ansuna asndsumsiasuulawaugaslyluserludumed DCs
Toedannguueslysfiuuningad (Cluster of differentiation, CD) ﬁﬂswngﬁuw%aLﬂﬁlﬂuuﬂaﬂﬂwﬁqmﬂ
msnssduadlulugeridaglslalay GM-CSF woy IL-4 Tagdoadiaas antibody fsnwizAuTusiiu
AR 9 VUEILDAS Lazinaanmeansi3aeua (fluorophore) lawn anti-CD14-FITC, anti-CD11c-FITC,
anti-HLA-DR-PE monoclonal antibody; Thermo Fisher Scientific, Carlsbad, CA, USA) aTIMIalusiu
Ve dRIURy antibody #eLe3ed FACS Calibur instrument (BD Biosciences, San Jose, CA, USA).

1888 Leukocyte-Enriched Buffy coats :ina1anains lasuanseyenzinnguduimslaiia
wiimnd ammmnalng Taglasumstusanmunszuriumsuinaladio wazlismmnsoszydemyanaguinale

msanauan T lymphocyte (CD3") %382 NK cell (CD3” CD56°)

Aauan T lymphocyte (CD3") (r:hmgﬂ EasySep™ Human CD3 Positive Selection Kit
(STEM CELL technologies, Vancouver, Canada) uaz@auan NK cell (CD3 CD56") ﬁ’jﬂ“gﬂ
Easy Sep™ Human CDs56 Positive Selection Kit (STEM CELL technologies, Vancouver, Canada)
Tag1h PBMCs USaae 1 x 10° 1508 1enadlu EasySep® CD3 Positive selection cocktail U3aas
100 lulasans/Aadans smsuaauen T lymphocyte %38 EasySep® CD56 Positive selection cocktail
dmsudauen NK cell Haain 9 udd Uadi 2545 °% funm 15 107 udaiiin EasySep®magnetic nanoparticles
cocktail U3103 50 lulasans/fiadans émsu T lymphocyte w38 NK cell ihluvaii 25+5% flunan
10 i udWsulsnaslile 2.5 fadans daeemsiasaad RPMI 1640 uaz 10% FBS aniu
iUy EasySep®Magnet lunan 5 wil 3ain supernatant v udatdis RPMI 1640 uaz 10% FBS
U3anas 2.5 iadaas o wé”qmﬂﬁ?umaﬁﬂqmauﬂawmLﬁaéﬁamﬂ%m FACS Calibur instrument

(BD Biosciences, San Jose, CA, USA)

nsaamasgnuan DCs nuigaaazi3aeuy (DCs - MCF-7 fusion cells)

HENLEAEINZEE DCs Tnanaasuaaze (Imsuanepanzaelusiy HLA-DR vuiiwag,
HLA-DR") ﬁumaémﬁuﬁmmwwﬁm MCF-7 (Gimsudasaanvadlusiu MUC1 vuiiwad, MUCLY)
Tusasndin 10:1 udSulsinasiiiily 10 985505 @8 RPMI 1640 uaz 109% FBS aniniluiud
1,500 rpm tJua 10 W# uady 50% polyethylene glycol (Sigma, St. Louis, MO, USA) USinas
1 finaans whludad 37°% Tuannzidl 59 CO, Huna 5 1l diaesunadis RPMI 1640 was 10%FBS
Usanas 5 faaans ugnhluiud 1,500 rpm tHuna 5 i Nnudy RPMI 1640 uaz 10%FBS #
4 1,000 unit/ml GM-CSF uaz 500 unit/ml IL-4 LLazﬁﬁlﬂLﬁyﬂﬁ‘ﬁ 37°% 1uanwazﬁﬁ 5% CO2 Wunm
24-48 #la Lﬁamunmmiaai’ﬂqmauﬁﬁwaqtﬁaﬁgnwauﬁlﬁé’mm%’m FACS Calibur instrument
(BD Biosciences, San Jose, CA, USA) laaigaagnuay DCs (DCs - MCF-7 fusion cells) ¢ia9iins
waeamanuaelUsiuny HLA-DR uay MUC1 vufnmad ﬁwtﬁaﬁgﬂmaulﬂﬁuﬁ 1,200 rpm tJuan 10 W7

waih luneaaulszansmwea
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msnadaulszdndnwgadgnian DCs

MIANTINIY T Iymphocytes 131L‘zia§§nwau DCs fuaanzt3auy (DCs - MCF-7 fusion cells)
esenldnmegaulssansaw é’aﬂmﬁmwaﬂsxﬁi'umil,ﬁmhmu T lymphocyte lagin T lymphocyte
‘ﬁll,l,ilﬂvl’ilw’lffll DUMLFITLIDILE Carboxyfluorescein succinimidylester (CFSE; Thermo Fisher Scientific,
Carlsbad, CA, USA) ienudnsy 5 lulasTuend dluna 15 it LL53ﬁ1N1LWﬁngﬂﬁéjuﬁ'UL‘ﬁaﬁQﬂNaN Toenhl
Undl 37°% Tuanmziia 5% CO, lunan 72 il Wansunanimadindandiessi3aauss Propidiumiodide
(PI; Thermo Fisher Scientific, Carlsbad, CA, USA) ©53270 T lymphocyte *?;Lﬁ'mi’lmud'aﬂ

1A399 Guava®easyCyte Flow Cytometer (Millipore Corp, Hayward,CA, USA) Toad negative

control @a T lymphocyte ﬁgﬂﬂﬁxﬁuﬁjﬂ DCs ﬁlﬁﬁ%’lﬁL‘lfaﬁgﬂwaN (DCs non-fusion cells) Loz positive

control A® T lymphocyte ﬁgﬂﬂixﬁuﬁlﬂ Phytohemagglutinin (PHA; Sigma, St. Louis, MO, USA)
anunty 10 lulasnsu/dadans lae T lymphocyte ﬁgﬂﬂizsi'u (uaaseailu %) insiad CFSE
wazdaulifad PI

mswAINEINI 50 NK cell lumsiaszasuz35asunih NK cell idausnlinnssdudeimad
ganian (DCs - MCF-7 fusion cells) Hhunan 24 7l dlaasuna 1 NK cell ﬁgnnisﬁumtwwt'gﬂq
SfuasNsEumuNIEss MCF-7 dandioasiiasuas CFSE fimnaanusuiy 5 lulasluas
Hune 15 il wdsnuai 378 luanneiia 5% Co, Huna 4 - 6 1l JnhandanasEeaus PI
WaraTaMINaBad N SN M81A3as Guava ® easyCyte Flow Cytometers (Millipore Corp,
Hayward, CA, USA) Tagfi negative control #a NK cell ﬁgﬂﬂsxﬁuﬁaﬂ DCs ﬁlaia%'wmaﬁgﬂwau
(DCs non-fusion cells) (8¢ positive control Aa NK cell ﬁgﬂﬂiz@i’uﬁl’m PHA anaingu 10 lulasnsu/

findans leswaduzudmunignias (uwaaswally %) danded CFSE uasd PI

We

Msedss DCs

wamadausnigadluludaiuashinmnadsnssduaialalaley GM-CSF uas IL-4 wial
wasuanaiannmadluludeiluidiy DCs Mnmsasassuauanidussadlnludmivdanszdu wuh
vuinaduludeiiudsuiiu DCs sasmainsudazng fimsudaaansadlisiu CD14 vuiwwad
ana9 2oue#t CD11c war HLA-DR #msuadaspantiivannay ldadimzdas DCs (DCs generation)
di3amde oear 97.33 (N34 1) HaaTIvianaENTAIas DCs MNeaNaing 6 18 dein3ad flow cytometer
(mwit 1) Tesadimsidss DCs aamsudasaanzaslisfiy CD 14 uasiimsuansaanuaslisiu

W CD11c waz HLA-DR (CD11¢' HLA-DR') uuiiwad
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" 1 96%
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%
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Donor 3

98%

2%

YWYy
Iﬂ‘ 102 103

1 AauanUdaswzdss DCs Mna1aaias (Donor) TNYNG 6 318 WaIINAGLENLas LM luZaY
uaznIze Uy GM-CSF uay IL-4 wiatdsuduwad DCs 093inmen38s Flow cytometer

Tosaauanmuaing srudsenaulasaienmeluwad (side scatter, SSC-Height) wazmsaaiaan
294lUsfu CD14 CD11c uaz HLA-DR uuiizas
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msaagadgnuan DCs nuigaanziaiuy (DCs - MCF-7 fusion cells)

amaagniuan DCs fuwaduzaadmun (DCs - MCF-7 fusion cells) Toenhmadimnzians DCs
YN FNATUADEY ﬁﬁqmauﬂﬁuamam‘[ﬂﬁu HLA-DR vuizas (HLA-DR") $nHaNAUad NS
UM EEs ﬁﬁqmauﬂauamaaﬂ‘[ﬂsﬁu MUC1 vuiigas (MUCT) logl#a15iadl polyethylene glycol
iiiaWizadsniuldisadgnuan wuh DCs sasanaasinsii 6 118 unsonuiu MCF-7 Iduasasmsass
(aagnHENaISY As3oEar 34.67 (MM 1) wamni’ﬂamauﬂ’aﬂml,sziaa'gﬂwaumnmaa'mm,?iym DCs
NNDEFNAT 6 8 e8LA3Y flow cytometer (MW 2) loawmadgnuaninisuaasaanyalyseiu
vufiwadie HLA-DR uaz MUC1 (HLA-DR’ MUCT") wasfiisaginizides DCs ﬁlﬁa%’wmaﬁgﬂwau

fimsugaeaniawzlUsay HLA-DR uuiinwhiiu (HLA-DR")

Donor 1 Donor 2 Donor 3

o7 ¥ 23
o 465%| HLADR+ | Ti65%| HLA-DR+ | "3 HLA-DR+
[ B MUC1+ = .. MUC1+ = 3 MUC1+
1B | LI | g 36%
: .L'Q- : : -
= S = 3

o : TV'W -‘U'" i U"“l ALl o 'l II--‘ LR AL ™4 l---‘l T o-.

10° 10" 10° 10° 10* 10° 10" 10° 10° 10? 104
HLA-DR PE HLA-DR PE HLA-DR PE
Donor 4 Donor 5 Donor 6

,7365%|| HLA-DR+ f65%0  HLADR+ [
B 1 soko MuCts B 1. ke MUC1+ =1
LL 1. e |_|I_ ‘:.: - - |.|I. E
g 3" 36%] | g 1 “(34% | g
2 3 > =
= = 3 =

o "U'I-" U‘W" A U""' T o- :

10° 10! 102 10° 10° 10° 10" 10° 10° 104
HLA-DR PE HLA-DR PE HLA-DR PE
DCs non fusion cell

2 ’ HLA-DR +
= [
I-Il- 'E 1:2 " 98%
— r s

o -

ALl 'UU-' A

"“" Ty THIY
0 10" 1% 10 104

HLA-DR PE

-
o

Mud 2 aaEnfuadgnuan DCs nuwaanz3aimun (DCs - MCF-7 fusion cells) :naanaains (Donor)
MYNe 6 8 aIalUsiu HLA-DR waz MUC1 uuinmas mewn3ad Flow cytometer
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mmadaulszananmimasgnuan DCs tuiaduzsudun (DCs - MCF-7 fusion cells)
miﬂszéimﬁ'wimmwm T lymphocyte

igadgnuan DCs (DCs - MCF-7 fusion cells) m‘nﬂaauﬂizaw%mwﬂszﬁum‘stﬁ'nﬁmau
T lymphocyte wuﬂwmaﬁgﬂwammmmaﬁmﬁv’a 6 98 awmsﬂﬂixﬁumstﬁuﬁwmu T lymphocyte lﬁtaﬁﬂ
2o0ay 75.89 BOULBAS LAY DCs ﬁlﬁaﬁ"wmaégnwau (DCs non-fusion cells) n5¢61 T lymphocyte
Wansanaz 24.55 (M1 1) HaNaaaunsziu T lymphocyte siaizaagnuan DCs - MCF-7 fusion cells
PNNDIIFNAT 6 T8 (mw*?'i 3) lag T lymphocyte ﬁgﬂﬂizﬁuuasLﬁ'mi’wmuﬁmsaﬂ% CFSE a8aay

wazlufad PI

Donor 1 Donor 2 Donor 3

1024 1084 1004

10e3 10e3 1083
Pl qpez Pl gt Pl 1pe2-

1021 10e14 7.: G 10e1

70.69%
10e0 il T T 1020 i T T ™ 10e0 LR |
10e0 1024 1050 10e1  10e2  10e3  10e4 10e0
CFSE
Donor 5

1063+ 10834

Pl ipea Pl ipen- Pl ipexd

10e1 + 10e1 4

10e0-+—rrrrmr—r-rrrmr—rrrrr—rrrm 10e0 - - - 10e0: o
10e0 o 10eRy 1024 1060 10e1  10e2 103 10ed 10e0 1084
CFSE
Negative control Positive control

. e

10634 10834

Pl

Pl

10824 10624

10e1 & 1014

27.13%
1000 101 10e2  10e3 1064 1060 1081 10e2  10e3  10e4
CFSE CFSE

M 3 wamaauﬂszaw%mwL%aﬁgﬂwauﬂizej"ummﬁuﬁwmu T lymphocytes naa1adnas (Donor)
MW 6 18 957930A8LA384 Flow cytometer
Negative control: T lymphocytes gnnszauee DCs ﬁlﬂé’a%'w,ﬁaﬁgﬂwau (a9 Donor 1)
Positive control: T lymphocytes gnnszauais PHA (uaaaaw)z Donor 1)
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mammamasuzSudunnziasdles NK cell

HanaaauUszansmwimadgnuan DCs (DCs - MCF-7 fusion cells) dansnssau NK cell livhane
iadNLB IRy MCF-7 wuhigadgnuay DCs aansouinlssansmw NK cell Tivhaewad
uzudunldgegads Sosor 68.89 sausfisadinzdss DCs filiashasadgnuay (DCs non-fusion cells)
36U NK cell Mangaanziaaiun Wwandasay 22.91 (M99 1) HanaaauLEaagnuay DCs - MCF-7

fusion cells MNEFNAT 6 8 (MU 4) loswadnzSumuniigniarsazdonionid CFSE uazd PI

Donor 1

Donor 2

Donor 3

10e4-
T - “KACF-7 Killed “NICF-7 Killed
1083 FI;{;C.;_SZAKIHEd 1023 . 5 _"‘6_5:.79% 10634 _'-‘6_7'.87%
Pl ez Pl i0e2 Pl  10e2
1081 5 10814 ' 10e14
L. A A — o N 10e04— . e
1020 10e1 1082 10e3 10e4 10e0 10e1 10e2 10e3 10e4 10e0 10e1 10e2 10e3 10e4
CFSE CFSE CFSE
Donor 4 Donor 5
1024 10e4 10e4-
MCE-7 Killed : MCF-7 Killed - il
S . 60.08% i 66.89% 103 - * MCF-7 Killed
PI %, PI Pl 64.74%
10624 10821 i
10214 10e14 '
1060 —— - ek Nk a— el - —
10e0 1081 1082 10e3 1084 10e0 10e1 10e2 10e3 1024 10e0 10e1 10e2 10e3 10e4
CFSE CFSE CFSE
Negative control Positive control
1084 1064
FTEMCE-7 Killed "NICF-7 Killed
1085 1 23.13% T 73.81%.
PI o P
10e2 10e2
10e1 ? 10e1 4
L —_— —_—
1060 10e1 1062 10e3  10ed 1060 10e1  10e2  10e3  10s4
CFSE CFSE

AW 4 senaseuszANEMwadgnuaNnsEdu NK cells nmstaaduzi3aduy mneraaias (Donor)
ﬁy'wm 6 3¢ Gl‘i’Jﬁﬁlﬂﬁ"JElLﬂém Flow cytometer
Negative control: NK cells gnnszdudae DCs #ilildasusadgnwuas (waasawz Donor 1)
Positive control: NK cells Qﬂﬂ'i::(r’]luﬁl’m PHA (ud@oataniz Donor 1)

N5FH5NTHANENANFATMTUWNE
UN 61 aUUN 1 NAIAN - JUAN 2562




In vitro Generation of DCs-Breast Cancer Cell Hybrids Supaporn Suparak et al.

M919% 1 WaMsLzaey DCs (DCs generation) msa%wmaégﬂwau (DCs - MCF-7 fusion cells)
uazUszansmwesaadgnuanaamsinuIULed T lymphocyte WarMINMeLBasuzI3La UM

2849 NK cell 2a301d1d30@5 (Donor) 6 918

DCs features (%) Donor Mean (%)
1 2 3 4 5 6
DCs generation 98 97 96 98 97 98 97.33
DCs — MCF-7 fusion cells 35 33 36 36 34 34 34.67
DCs - MCF-17 fusion cells induced 72.68 70.69 75.89 74.87 69.39 68.49 72.00

T cell proliferation

DCs non - fusion cells induced 27.13 25.47 26.48 24.15 22.64 21.47 24.55

T cell proliferation

DCs - MCF-7 fusion cells induced 68.78 65.79 67.87 60.08 66.89 64.74 65.69
NK cell kill MCF-7 cells

DCs non - fusion cells induced 23.13 24.58 25.34 23.47 23.78 21.89 22.91
NK cell kill MCF-7 cells

a J
VI

maaPaadgnuanumadaniiiaiinysz@ninmweas DCs lunasanaasaiiald DCs dansn
A9 thiaupadNzEazn sz UM I aUEURINRANAY M3Anilld polyethylene glycol analutana
1450 ANUTNTU 509% Beanansaiawsediaiy Fmihlitiaenuliedes maradeinwadldiiemsideniy
4 J ‘1 1T a = v g (9, 12) P v J o o J [~
sened waslifonadedaad WedNadgnuay DCs NNINaNATFIMNANUEaNLIE
ENUNWNIEENT AT ANNEIGURDY 34.67% F2AARDINUNENUMIFTNLBAGNHEN DCs-tumor cells
Tugtheuzdudmuy Nsandiu DCs dawaduziae 3:1 89 10:1 lu 50% polyethylene glycol wuin
Tawaanudida 18-71% uaneenulugihaudaze 2 messagasgnuanlugihaiiasenlnalaih (Glioma)
Tudasdiu DCs aatzaanzt3e 3:1 U 50% polyethylene glycol Wun laxannua3a 66.29% “* uazmsasn
¢ Y s & oMy duw \ ' LI 1
waagnian DCs Aumaanziaald fisnsain 10:1 u 50% polyethylene glycol WuTHaINBAANLT
0191 & "Lw °o J < o\lw v Yy ‘191 ° (15)
aldmnzidsalannudisa 34.50% waskannadnzisaa ldnnmigilawalannudnsa 33.28%
FetadeninadoanuaTansaugasgnuan laun uwasianzas DCs slauaaaanzsaihinnszqu

a v s (16, 17)
LLagIdNITIFIN L%aagﬂ AGEY
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wanadauszaNEMwadgnuan DCs wuhizadgnuay DCs filndsnnnamadasiumaduzss
huaNEE e mmsnﬂiwj‘”umitﬁuﬁwmu T lymphocyte uaztiinUszansamm NK cell l¥vhansnad
wSad Ny aamﬂﬁmﬁ’mwmmi%’ﬂﬁuﬁwudwLﬁaﬁgnmaw DCs a3anszgu T lymphocyte
onadaufunsSmmeniio nelussduioslfiams danasss uesmsisemenatin Gadusadgnuan DCs
nnftheusFuduumansonszdumsiiingnnuues T lymphoeyte uastilohludanszdulugiheusGadum
a3n30n3z6u CD4+ and CD8+ T lymphocyte Tasalylale] INF-y WannEL O e
naFauwadgnuaN DCs fulzasuzBumuNNNIYnaaaamsanuasEadgnuan DCs fuizaduzddld
wuiﬂnizﬁumilﬁmhmuwm T lymphocyte waznszfy specific CD8+ T lymphocyte l#aansomnans
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In vitro Generation of Dendritic
Cell - Breast Cancer Cell Hybrids
For Induction of Cellular Immunity

Supaporn Suparak* Tawanchai Sangcharoen* and Busarawan Sriwanthana**
*National Institute of Health ** Medical Sciences Technical Office, Department of Medical Sciences,
Tiwanond Road, Nonthaburi 11000, Thailand

Abstract Dendritic cells (DCs) of cancer patients are unable to effectively process and present tumor
associated antigens to immune cells, resulting in a spread of cancer cells. Our study was to enhance in vitro
efficacy of DCs to further induce activities of T lymphocytes and Natural Killer (NK) cells for inhibition/
reduction of a growth of a breast cancer cell line (MCF-7). Human monocytes, derived from buffy coat
of six normal blood donors, were positively selected and generated DCs by culturing with recombinant
GM-CSF and IL-4 for 6 days. Human monocyte-derived DCs were determined by a decrease in a level of CD14
and an increase in CD11c and HLA-DR levels by flow cytometry. The DCs were further pulsed with breast
cancer cell lines (MCF-7) to generate DCs - MCF-7 tumor fusion cells with a mean success rate at 34.67%.
The DCs - MCF-7 fusion cells were able to stimulate T cell proliferation as well as to enhance NK cells
activities to kill MCF-7 from an average of 22.45% to 72.00% and 22.91% to 65.69%, respectively.
Our study demonstrated a model for in vitro generation of effective human monocyte derived DCs - tumor

fusion cells and a possibility to further develop alternative method to treat cancer patients.

Keywords: Dendritic cells, T lymphocyte, NK cell, MCF-7, breast cancer
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Molecular laboratory testing for
dengue serotypes at Bamrasnaradura
Infectious Diseases Institute

Sumonmal Uttayamakul* Ravee Nitiyanontakij Supatsa Dedsatit
Sarinee Reawrang Patama Suttha and Visal Moolasart
Bamrasnaradura Infectious Diseases Institute, Department of Disease Control, Tiwanond Road,

Nonthaburi 11000, Thailand

Abstract Dengue virus (DENV) infection is a major serious health problem in many tropical countries
including Thailand. DENV comprises of 4 serotypes (DENV-1 to DENV-4) and co-circulation of DENV
and Chikungunya virus (CHIKV) has been reported in areas where dengue is common. This study aims
to investigate genetic materials of DENV and CHIKYV including serotype distribution of DENV in
dengue-suspected patients using real-time polymerase chain reaction (real-time PCR). The study was
conducted during 2016-2017 at Bamrasnaradura Infectious Diseases Institute and a total of 100 patients
(29 children and 71 adults) were enrolled. The laboratory findings in dengue-suspected patients was
screened by platelet count of < 100,000 cells/ul, DENV NS1 antigen positive, or anti-DENV IgM positive.
From 100 DENV-suspected cases, 37 cases were detected for DENV by real-time PCR. No CHIKV
was detected. The results showed that 27 cases (73%) were admitted to the hospital, 18 cases (48.6%)
had platelet count <100,000 cells/pl, 37 cases (100%) had NS1 antigen positive and 17 cases (45.9%)
had anti-DENV IgM positive. The distribution of DENV-2, DENV-4, DENV-3 and DENV-1 serotypes
was 43.2%, 32.4%, 18.9% and 5.4%, respectively. Rapid screening test results for NS1 antigen were
concordant with those by real-time PCR. Serotype distribution using molecular testing could be useful for

studies on correlation between viral diversity and host immune response.

Keywords: dengue, serotype, molecular testing
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Introduction

Dengue virus (DENV) infection has been becoming a serious public health problem in

@9 including Thailand. Dengue hemorrhagic fever (DHF) and dengue shock

(4-6)

many tropical countries
syndrome (DSS) are characterized by increased vascular permeability and are causes of death
Fever caused by Chikungunya virus (CHIKV) shares some clinical signs with dengue and can be
misdiagnosed in areas where dengue is common”. DENVs are positive stranded-RNA viruses
belonging to genus Flavivirus, family Flaviviridae. All serotypes of DENV are transmitted
by mosquitoes Aedes aegypti and Aedes albopictus. Since Aedes mosquitoes can be vectors
of both DENV and CHIKV, and endemic areas of these two viruses often overlap, co-circulation
of DENV and CHIKV has been reported in various geographic areas” ®. DENVs are classified
into 4 serotypes, DENV-1, DENV-2, DENV-3 and DENV-4* with a broad range of symptoms® ®.
Factors that are important for a spread of disease vary in each area depending on host immunity,
type of virus and vector, population density, and mobility'”. Awareness on the removal of mosquito
breeding sites is essential to prevent and control dengue outbreaks®.

The dengue virus has been a major health problem in Thailand since the first out-
break in 1958°'V. There was an epidemic of dengue diseases widespread among the country"?.
Co-circulation of 4 serotypes of DENV was also demonstrated in Bangkok""”. A meta-analysis
of dengue severity in Southeast Asia region showed that DENV-3 and DENV-4 were strongly
associated with dengue hemorrhagic fever (DHF) whereas DENV-2 and DENV-4 were strongly
associated with dengue shock syndrome (DSS)"?.

The objective of the present study was to investigate the distribution of DENV
and CHIKYV circulating among clinically suspected patients at Bamrasnaradura Infectious

Diseases Institute and to identify the serotype of DENV using real-time PCR.

Materials and Methods

Ethical considerations
The study was approved by the Institutional Review Board of Bamrasnaradura Infectious

Diseases Institute on August 5, 2016 with the project code S003h/59.

Study site and population

This study was conducted at Bamrasnaradura Infectious Diseases Institute, Department
of Disease Control, Ministry of Public Health, Nonthaburi, Thailand. A prospective study with
suspected dengue patients was conducted between 2016 and 2017. The study included 100 febrile
cases of children aged between 7 and 15 years and adults aged between 15 and 60 years,
whose parents or patients themselves gave written informed consent to be enrolled. Dengue
suspected symptoms were identified by following laboratory findings; platelet count less than or
equal to 100,000 cell/ul, dengue NS1 antigen-positive, or anti-dengue IgM-positive. The participants

should have at least one DENV-confirmed laboratory finding as inclusion criteria.

M55NTHANENANTATMTUNNE
U 61 aUUN 1 upAN - HUeN 2562




v

W d A o Y ac = 4
m’sm’mmﬂwuﬁmaLmﬂmmﬁamm‘[maqa quumaﬂ 2nauNnNa azeale

q U

Laboratory testing

SD Bioline Dengue NS1 Antigen immuno-chromatography assay (SD Bioline, South Korea)
is designed to detect DENV NS1 antigen with one step assay. Panbio Dengue Duo cassette
(Panbio, Australia) was used to detect Dengue IgM and IgG in serum.

DENYV serotyping and CHIKV detection by real-time PCR were performed according
to the manufacturer’s instructions. Briefly, 400 ul of serum specimens were extracted for total
nucleic acid [MagnaPure Compact, (Roche Diagnostics GmbH, Germany)] and detected
by DENV-CHIKYV multiplex real-time reverse transcription polymerase chain reaction (RT-PCR)
assay (abTES™ DENV/CHIKU5 qPCR I kit, AIThiotech, Singapore) using a CFX96™ real-time
PCR cycler (Bio-Rad, Hercules, CA, USA). Five microliter (ul) of extracted nucleic acid was
added to 20 pl of PCR mixture which was composed of reaction buffer, reverse transcriptase /Taq
enzyme mix, primer/probe mix, PCR enhance template and Nuclease-free water. PCR cycling
conditions were established and validated on Bio-Rad CFX96 as indicated in the package insert.
It was composed of 3 phases in cDNA synthesis for 1 cycle at 53°C for 10 minutes, Taq activation
for 1 cycle at 95°C for 2 minutes 30 seconds, amplification for 42 cycles at 95°C for 17 seconds,
59°C for 31 seconds, 68°C for 32 seconds. The signal detection of DENV-1 to 4 and CHIKV were
determined at Cy5, FAM, Texas Red, Quasar 705 and HEX channels, respectively. Positive and
negative controls were included in every run of PCR. Nuclease-free water was used as a negative
control. The result was regarded true negative for DENV-1, DENV-2, DENV-3, DENV-4 and CHIKV
when the CY5, FAM, Texas Red, Q705 and HEX channels were not detected. An amplification

signal detected in the respective fluorescence channel was considered as a positive result.

Data analysis
For descriptive analyses, data were summarized for median and ranges for hematological
parameters. The percentage was used for categorical variables and calculated for serotype

distribution among 100 dengue suspected patients.

Results

Sample population and testing results

A total of 100 febrile cases of 7 to 58 years old with suspected dengue infection between
2016 and 2017 were enrolled in the present study. There were 29 children (14 boys and 15 girls)
and 71 adults (30 males and 41 females) participated in this study. Study population was 65% of
in-patient department (IPD) cases and 35% of out-patient department (OPD) cases. Laboratory
testing of NS1 antigen-positive, anti-dengue IgM-positive, and platelet count less than
100,000 cells/ul were 59, 67 and 29 cases, respectively. The median of fever duration was 4 days
(1-9 days). The median of white blood cell counts on the blood collection date was 4,750 cells/ul
(1,600-17,900 cells/ul) and the median of percentage of hematocrit was 42% (27-53%).
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For laboratory findings of at least 1 inclusion criteria, there were 37 cases (100%) with
NS1 positive, 17 cases (45.9%) with IgM positive and 18 cases (48.6%) with platelet less
than 100,000 cells/ul. Among negative DENV RNA cases, there were 37 IPD cases (58.7%)
and 26 OPD cases (41.2%). There were 22 cases (34.9%) with NS1 positive, 50 cases (79.3%)
with IgM positive, and 11 cases (17.5%) with platelet less than 100,000 cells/ul. All dengue

suspected cases with inclusion criteria of laboratory findings were summarized in Figure 1.

100 dengue suspected cases
(IPD 65 cases, OPD 35 cases)

At least 1 inclusion criteria
1. DENV NSI1 positive 59 cases
2. IgM positive 67 cases
3. Platelet SIO0,000 cells/ul 29 cases

Real-time PCR for D|ENV serotypes and CHIKV

v \/

DENYV detected 37 cases Not detected 63 cases
(IPD 27 (73.0%) cases, OPD 10 (27.0%) cases) (IPD 37 (58.7%) cases, OPD 26 (41.2%)cases)
DENYV NSI positive 37 (100%) cases DENYV NSI1 positive 22 (34.9%) cases
IgM positive 17 (45.9%) cases IgM positive 50 (79.3%) cases
Platelet <100,000 cells/pl 18 (48.6%) cases Platelet <100,000 cells/ul 11 (17.5%) cases

Figure 1. Results of laboratory findings of cases enrolled with at least one inclusion criteria.

The median age of 37 DENV RNA positive cases was 22 years (8-54 years). The median
of fever duration was 3 with a range from 1-6 days. The median of white blood cell counts
was 3,700 cells/ul (1,600-9,600 cells/ul) and for hematocrit was 43% (31-59%). The median
of platelet count was 108,000 cells/ul (21,000-293,000 cells/ul). Laboratory testing for DENV
NS1 antigen was positive in all 37 cases (100%). DENV IgM and IgG antibody was positive for

17 (45.9%) and 14 (37.8%) cases, respectively. The results were summarized in Table 1.
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Table 1. Laboratory findings and real-time PCR of DENYV serotypes of 37 DENV detected cases.
[+ : positive result, - : negative result, NA : No Assay]

ID Gender Age Duration Platelet DENV Anti- Anti- Serotype
(Years) of fever (cells/ NS1 Ag DENV DENV
(Days) pL) IgsM IgG

DENVoo1 M 40 3 83,000 + NA NA DENV-4
DENVo0o05 F 40 3 129,000 + - - DENV-2
DENVoo6 M 22 4 59,000 + + + DENV-4
DENVoos M 32 6 21,000 + NA NA DENV-4
DENVoo09 F 29 5 56,000 + NA NA DENV-2
DENVo10 F 37 4 142,000 + + + DENV-4
DENVo11 F 24 3 167,000 + - - DENV-2
DENVo12 M 41 3 92,000 + + + DENV-4
DENVo14 F 17 5 79,000 + NA NA DENV-2
DENVo1e6 F 54 1 184,000 + - - DENV-3
DENVo19 M 22 4 79,000 + + + DENV-3
DENVo20 M 18 4 72,000 + - - DENV-4
DENVo023 M 22 3 51,000 + + + DENV-2
DENVo025 F 8 3 81,000 + + + DENV-3
DENVo026 F 22 5 29,000 + - - DENV-2
DENVo031 F 33 4 68,000 + - - DENV-1
DENVo035 M 37 4 293,000 + - - DENV-2
DENVo037 M 22 2 139,000 + NA NA DENV-4
DENVo038 F 23 3 119,000 + NA NA DENV-2
DENVo044 F 33 5 31,000 + + + DENV-2
DENVo46 M 10 5 174,000 + NA NA DENV-4
DENVo049 M 17 2 156,000 + NA NA DENV-3
DENVo052 F 15 5 29,000 + NA NA DENV-2
DENVo055 F 29 3 192,000 + + - DENV-3
DENVo56 M 21 3 163,000 + NA NA DENV-2
DENVo059 M 13 2 149,000 + - - DENV-3
DENVo61 M 20 3 196,000 + + + DENV-2
DENVoé66 F 26 5 148,000 + NA NA DENV-3
DENVo074 M 48 2 162,000 + + - DENV-2
DENVo77 M 10 2 210,000 + + + DENV-2
DENVos6 F 9 5 131,000 + + + DENV-2
DENVo087 F 16 3 99,000 + - - DENV-1
DENVoss M 9 5 23,000 + + + DENV-4
DENVo91 M 15 2 91,000 + + - DENV-4
DENV092 M 8 2 50,000 + + + DENV-4
DENVo093 F 39 4 150,000 + + + DENV-2
DENVo09s8 F 9 2 108,000 + + + DENV-4
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Real-time PCR results
The nucleic acid of dengue virus was detected in 37 serum specimens by real-time PCR
while chikungunya virus was not detected. The number of cases of DENV-1, DENV-2, DENV-3

and DENV-4 were 2, 16, 7 and 12, respectively, as shown in Figure 2.

DENV-1 (2, 5.4%)

= DENV-1
DENV-4 (12, 32.4%)
DENV-2

= DENV-3
= DENV4

DENV-2 (16, 43.2%)

DENV-3 (7, 18.9%)

Figure 2. Dengue serotypes found in 37 serum specimens

Discussion

The co-circulation of multiple DENV serotypes occurred in Nonthaburi region, central
part of Thailand, during 2016 to 2017, was shown in this study. All serotypes of DENV were
found while CHIKV was not detected. DENV-2 was the most prevalence serotype (43.2%) found
in our study, which was similar to another study conducted during May — October 2016. DENV-2
was predominantly found in 3 hospitals in the southern part of Thailand"”. In contrast,
a previous study showed that all 4 DENV serotypes co-circulated among 5 hospitals in Bangkok
during 2015-2016 with DENV-4 as the predominant serotype””. The majority of serotype
distribution was 45% of DENV-4, followed by 29% of DENV-3, 17% of DENV-2 and 8% of
DENV-1"”, while DENV-2 was most frequently detected in our study. It indicated that the predominant
DENV serotype varied by year with seasonal fluctuation concordance. Therefore, to determine the
serotypes that spread in each endemic area where DENV can be repeatedly infected is essential **'".

Dengue infection can be diagnosed by both serological test and molecular method.
The dengue RNA can be detected in the acute phase of serum samples when patients developed
clinical symptoms such as fever. DENV isolation, dengue antigen detection, and/or dengue
antibody detection can be found in dengue-confirmed cases with clinical manifestation®.
Our present study could demonstrate that all 37 DENV NS1 antigen positive samples, collected
within 6 days after the onset of fever were DENV-positive by qPCR kit, suggesting that real-time

PCR can be used to detect dengue infection within the period of dengue viremia.
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This study indicated that the molecular testing provided more accurate diagnosis of
dengue infection. It is also implied that serotype distribution and further genotype analysis could
possibly provide information on a correlation of viral diversity and host immune response especially

antibody dependent enhancement.

Conclusion

Our study demonstrated all 4 serotypes were circulated throughout the year.
Information on serotype distribution would be beneficial for epidemiological studies for disease

control and prevention.
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undnda  Tsaldidenseniiiannialiiaesi (Dengue virus: DENV) huilymadalulsamauavaiou
Hudszmalng senughaesivsenause 4 serotype (DENV-1 §ia DENV-4) uaziisienuwumsunsnszang
289 DENV uaz Chikungunya virus (CHIKV) luiiuiififimsszunavadldidanann msﬁﬂmﬁﬁ’j’mqﬂizmﬁ
Lﬁ}am‘immmiﬁuﬁqﬂiiuﬂm DENV waz CHIKV 28735 real-time polymerase chain reaction (real-time PCR)
Tugfansumssnmnitantinhnaungsiadeldidonaan sewied w.a. 2559-2560 lasdadanthefinmany
1NaALEBA <100,000 waa/lulATaAS ¥SaNUNaLINYEY DENV NS1 antigen %38 anti-DENV IgM 1124 100 98
wiaiilugflve) 71 918 uazein 20 9 keaTiladamsfaiia DENV uaz CHIKV ¢1e38 real-time PCR
liwums@eifa CHIKV ugwu DENV 37 918 Fudugihedvindnwlulsswenung 27 918 (Fasas 73) gihe 18 118
(Sawaz 48.6) HindaLdam <100,000 wwaa/lulasdns DENV NS1 antigen ¥inauin 37 s1e (Sauaz 100)
WazWuUNauIn IgM 17 578 (5088 45.9) HANITATIVMLID real-time PCR wumﬂﬁuﬁ:wm DENV-1 31U 2 98
(Speay 5.4) DENV-2 91w 16 918 (Sp8ay 43.2) DENV-3 a1y 7 578 (39882 18.9) way DENV-4

4

I 12 N8 (38 32.4) MMsAnASsiwuHiMInszsYede hisesinnaenug wazmsasamaenug

q

a3

pnimeIsagiiluenalinaiiadendany wazdaanassnunamsanataudiay DENV NS1 msdnwil

1 v

waaerimsnuunaseanugaeIdeadiluanalivsslenidamsdnmanuduiusrasanunainuanazae s

wazMInaUIUBITNARANNUYEGaEa I aed

M5HSATHINNAFATNISUNNE
U 61 aUUN 1 upIAN - HUAN 2562




NNl JUans 2 NINANE W 2562; 61 (1) © 40-47

PN o’Q'
A zrandaniuaay

TunaannawiaInsuszsantdu

o < 3 = a a 4
YUNDI LNTIUBN NBLNYIG mamuw'%' LLASNUNIIIN quaqa
SNAUMNUAcANNUSINNEBINS NSNINENAFNTNITUNNE OUUFIUUT WUNYF 11000

undnga  mswuisulanUaswiiimnadin shwinwn (light filth) fiuusinammmwueluamsuszamduraslng
iiRamsiniumahdhlsaneasnsganim felddnnmawanvaandansiluamsussnmdusu 100 dath
Tqud meden vzwil uazudy w85, 12 uaz 3 Madn muaau lesdumsduiduluwangumwimuas
warUSuama waz 5 39NN LUMANIN FEWINNLHDUNYAIMEU 2558 DILHBUNUENEU 2560 LALIATTEANIE AOAC
982.32-2016, Light filth in rice flours (powders), extruded in rice products, and rice paper W‘UE?'QLL‘IJaﬂ‘lJaaN
T6ur BFudnuwas Is vnwisda suau auun PUUNI/FUY UBLAUNY U 100, 52, 42, 79, 27, 26 WAE 20 BEN
mugau lushnuiinududanUasussinnsusuusauiunamitnuazes The United States Food and Drug
Administration (US FDA) 5110y 31 daehs Taewulumeifien s 20 §20819 wazuzwil 31wy 2 dag
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UsnR /usuiien worfudu fiaansoihllusznauamnsldvmnvmsaiiamuenuiisnasguilaa

medeniundasasinnudatniovialaedd ihinlludibausdedniin Jablulaily
autBen teliudlaueudu hudildnadiuusiu 9 wdnhlumnauwi ihluuelvasdeadium alduilingh
wasnnithluulssldudumadanldwanmassio® waraawsudoutheiiody 0d uilaiuduzug
iiezheananuuiaazinenuls uilvinmean tlathssermuuduesihliidujumiendu® v
vgnilfuwdadarihmnannadednmasiouiuasaiasounsuiuludaduiivnsay Fudaulsguazld
uwihanafivzanalusiusznasosas 10-119 dufududundosarihannudadida diimslulanese
Wududsznausosas 56 ilUsiu ludu Ioniiu axlulas wazezlulaiwadiu®

hgtugamunssnamnatssanidu wu duieden sdaielduslaalulssmadundn uasdeld
fmhelusaszmetha Idun daans inwd diu wozanszawim imdmanuszana 70,000 AlanTudaiu
Toefgusznaumsndy 400 518 luszauaindou Isenuaaannssnmna g wazgaamnnIsuaNaN
wazmnagey (SMEs) nszneagnngiimanastszng fyammsuilaamelulsuneamasdaihiv 10,000 Suum
wazilyarmadiaan 1,400 Muun® Fwasiiduiedmgnemuaumetssmenssnasam o (atuil 193)
W.A. 2543 (389 FBmswda wadesiiaiadldlumsuda wazmaifudnmanns widilifnaspuquam
feudandasuiifiviinun (light filth) Faanansousnaannnudadamiloslduauvainaussning
mmziuﬁwﬁuuaz% ’51'4LL‘UamJaauﬂssmﬂﬁ%aaﬂﬁaaﬂuﬁwﬁu o 1y waae Fudiuuuas YUNY
auau uazauun udu® ilddudiidldmbegnlsanaanszondmgndniuilasnnasiany light filth
Wunarimnue® mafnmildumsiensimauandaaylusdadurissnn meden vl wasjudu
aiflumsduasasuasuiafioussudguilag dnnsdusznaumsmansmhlulFusulsuaswannnssuu

MIHEN Waza1aldUsznaum NN IONYIMNENUSUHABBULNEMVUALN AN

MagNAnY

fegndasanilsenndusaiiguivnnamadimiouumys Unusil ngammwe aynslnms
WIzUAIATAYEEN UATNEN BT B1MBY WardTyd INTEaEINATNNUANENTINM AN TUAzE
SELfouNgAANEY 2558 B9 laauRUENEY 2560 Usznausameaen Uil waTULEY NUIY 85, 12

WAL 3 IBEN MNAINU

A3603IILAIISH
msasIamavut/antaanaienni/ar®
1NENBENINNTENINUUNTENBEHL WazgeaaLUal (visual examination) TIusIndwaniasy
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J da ¥ o
msaTInauantaaunaurninin
ANLRMNIT AOAC 982.32, Light Filth in Rice Flours (Powders), Extruded Rice Products,
and Rice Paper® lagihimadnduiu 225 a5y axluin@aauu 10 11H nUUNIUY sieve no. 230
(Endecotts Limited, 84ng#) ua lFhsauiionuauin la Janadeananameuu sieve atluiininasusilsudsinas
M8 isopropanol 40% ¥ le 800 Hadans nasNLAN paraffin oil 0t lUdNIY 3 W MAUUMBEIUHEN
avly percolator M3l isopropanol 40% 8¢ 300 HadaNT WAIAN isopropanol 40% l¥iUFMINTHINAIN
YDUUUUDA percolator 3 UANGAS a7l 5 171 Usaszuupamrainanaudiuaneesdniusggangu
percolator 5 1ruAL®s M laald isopropanol 20% 1hruinsulunsasuunsea¥nses (Whatman No. 8
(Whatman International, a4ng#)) wualasiamasulaniasunie widefield zoom stereoscopic
. . d' 1 n:i' o J (6) ° a g’ 1 G v o
microscope (Olympus Optical, Qju) NMaszens 30 1 © uazasNUUNBHATUSIULBILNNINTDIUT A

18 compound microscope (Olympus Optical, 1) laawaudisuadannayanmu®

We

faghrdadasilssandusinu 100 Mege analinuiwanlasniinaiudraada
u,m'l,fjmhmmmmﬂ%é’anammﬁﬁﬁwé’mmﬂ 30 wh (5T 1) nudlandasudifuinad@nihwinan
Teun Fudunas Is wnviiade ueu 2uun YUUNI/FHY UAzIUNY Y 100, 52, 42, 79, 27, 26
wax 20 shaes muadu Taswusuduunas ls vnviiada suay suun auwn/ g wasaumyluhedn
AU 85, 46, 38, 67, 26, 25 WAL 18 MIDEN Tuuzniianuu 12, 6, 4, 9, 1, 0, 2 AIPEN MNAAU

ULNATIINURIBUEIMULNBILEzUN /g Tuudy iy 3 waz 1 s

m399 1 FudantUasndszan light filth Nasranulundadarilssandumanguingau

suagutlanlasnu NUIUMBEN (%)

nu Taiwu

Fudruunag (5 - >800 Bu)

ﬁ’JiIL(?;EI’J 85 (100.00) 0 (0.00)
vzl 12 (100.00) 0 (0.00)
LY 3 (100.00) 0 (0.00)
37U 100 (100.00) 0 (0.00)
15 (1-8 )

e 46 (54.12) 39 (45.88)
vzl 6 (50.00) 6 (50.00)
UL 0 (0.00) 3 (100.00)
3N 52 (52.00) 48 (48.00)
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FauwlantaanlundadamiarmsussLanidu

AUNDY Lﬁmuan (1313

37 1 SewtanUaanisznm light filth Masanulundadamivssinnidumungs

[ a

19090U (61D)

9

siiaduwantan NUIUMIBEN (%)

wu Taiwu
WBHIda (1-4 M)
ﬁ’JEIL(?;EI’J 38 (44.71) 47 (55.29)
Uzl 4 (33.33) 8 (66.67)
UL 0 (0.00) 3 (0.00)
9N 42 (42.00) 58 (58.00)
UAN (1-10 L&)
aden 67 (78.82) 18 (21.18)
vzl 9 (75.00) 3 (25.00)
UL 3 (100.00) 0 (0.00)
EIRFY 79 (79.00) 21 (21.00)
UUN (1-6 LdN)
ﬁ’JEIL(?;EI’J 26 (30.59) 59 (69.41)
Uzl 1 (8.33) 11 (91.67)
ULy 0 (0.00) 3 (0.00)
37N 27 (27.00) 73 (73.00)
PUUN/FY (1-4 1Y)
eden 25 (29.41) 60 (70.59)
vzl 0 (0.00) 12 (100.00)
ULy 1 (33.33) 2 (66.67)
EIRFY 26 (26.00) 74 (74.00)
uny (1-3 tdu)
ﬁ’JEIL(?;EI’J 18 (21.18) 67 (78.82)
uwﬁ' 2 (16.67) 10 (83.33)
ULy 0 (0.00) 3 (100.00)
37N 20 (20.00) 80 (80.00)

AUSUNUIUTUTIULNIN UM BENNHINUIUTUFIULN NN DM U Defect Action Levels
(DAL) 2849 The United States Food and Drug Administration (US FDA)"” nan@a wuxnnni 225

B Tumeden warluuznil Y 29 (5088T 34.12) WaL 2 MaEN (58AT 16.67) MNAAU (A1TNN 2)
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a ° v ] v 4:4' ag’ 1 a Y s Y
MINN 2 MNUMDEN (588d2) ‘VlGli'JQ‘W‘U?f‘Llﬂ'J‘L!LLNaﬂiuNaﬁlﬂm‘MﬂiSLﬂ‘ﬂLﬂ‘u

SNUBUFILUNES NUIUMBEN (5088%)
eLdien usnd TULEY
1-100 °’§u 37 (43.53) 8 (66.67) 3 (100.00)
101-200 %yu 15 (17.65) 2 (16.67) 0 (0.00)
201-224 %u 4 (4.71) 0 (0.00) 0 (0.00)
> 225 %Wu 29 (34.12) 2 (16.67) 0 (0.00)

dmsuduantaantssianaudad lown suau auun 2uun/§i wazauny nesanuludede

a o o o v aa s o 2 d v P VoW ]
wasugnil inhinmenudunusneadalegldlasuad Mszduanudeiusesas: 95 (13197 3) wWuhdee
meweuasusniiaanudulandasndssinnudaiuanaeiuad nivesaynNeda Togwuauu /iy

lurhedenannniiusnll drupuau suun wazzunyliienudunusivaiiovesdisgn

M5199 3 NIUMIBEN (Sp8ar) NaTranuiduauludisermedeiuazuznil

riadusy NUIUMBEN (5088%) Y
faLfen VLU
YUPU 67 (78.82) 9 (75.00) 0.09
UUN 26 (30.59) 1 (8.33) 1.60
?mum/qﬁw 25 (29.41) 0 (0.00) 8.91*
YUNY 18 (21.18) 2 (16.67) 0.00
*p < 0.05
a 4
AU

Ham 3T sUsznndy laun Medien 85 v uzndl 12 g waziudu 3 dapdn
2 o ' P v £ & @ a o a o o vy & g
wuguduunalunnaiadn snadiasnnuihdiuingdvlumsmedadasidssondunniusmszauns
o v o a o ¢ oA o w a o J o v & 2 & a o 4
mviksassadulowasaensiug tathingauainanmulssy likuaswentuzudnnssnsaglunans
1 < Uy a @ P S @ a1 a a L=
sumstudowaslsussmmivde eadianningduiliszera nnmsinusnmnnlifinguslosinuie

4

madvlulsadauiianisniliuussiuingauduans windulawssmenus

mInTInUIuAY Ueitvgednsuzmandaiidanifuls nande yeansiiiwhidudaems
daslflialigndasmnamdngednuas Tasmugsiiafiogfluammiiauysel asann uaziimsdeshidaasinaua
saumsiimsmumann mde viadaquuniiiadasfumstuidavannduny e wasdsantsndu

Tudasdswzadlunszuiumsudauazuandne " aueinswuzuun BULND /AU wazauny By
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a 4 =) v v 4 a9 v v ¢ 911 FL (11)
AIsANINIIAVIEMIETAUTRIIN elasiudnirnvuznlluenms
WallSautisuammwamsdssnnduanudamyue DAL 289 US FDA iMvuai Mnasiany
FUSUUNBWNAUWIDINNNT 225 FU WIDAURYNNUWIRINNNT 4.5 0 Turdadoel Fumazgninnu
msnunmedeimsluiaunngudiuunaunnanasimuue ludasiungainnuaadasisnmstszsan

[
a =

Wudu q hmsdnen oadennlFiagduiiaumwiiimsuudaunnuusuasiudiuwsaeiinunn
mnesmamuaNgrdnsuzmandalutuaaudn 9 szuvilasfuusesuasdaiinlid wiaguanduande
Fsaudn Lifimsdamanssnumandnansmavdninasismsialumsude IHmaluladmsuaa liviuadis
vlldudasnmitinummnen

”a:3amnﬂﬁﬁﬂmitﬂmﬁﬁtﬁuiwmsﬁmsﬁmummmsﬁéqLLﬂaﬂﬂaau‘ﬁ'ﬁﬁmﬁmm (light filth)
Tundasariomalssandu iemuauanmumande fuannnazilulsdenideguilaalulssmaud

faazasaadsNmMswingulunimsalandnme
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NYINED uAY 2UUN ULNY/gUY waszuny leswudulandaanyssianudiuunaaiin 225 Fu

a

audamvue Defect Action Levels 289 US FDA (fuiusssanamwmsmuanguansuznisude

€

4 a o
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Analysis of Light Filth

in Noodle Products

Kuntong Pednog Kokeiat Sarttarin and Kanogwan Toonsakool
Bureau of Quality and Safety of Food Department of Medical Sciences Tiwanond Road, Nonthaburi 11000,
Thailand.

Abstract Light filth found in noodle products from Thailand resulted in products quarantine at the United
States of America. This study was to determine the presence of light filth in 100 noodle products,
including rice noodle, egg noodle and bean vermicelli in the number of 85, 12 and 3 samples, respectively,
collected from Bangkok Metropolitan Region and 5 province in central Thailand during November 2015
to September 2017. The light filth test was performed using official methods as described in AOAC
982.32-2016, Light filth in rice flours (powders), extruded in rice products, and rice paper. The results
revealed that insect fragments, mite, psocids, human hair, feather, cat/dog hair and rat hair were found
in 100, 52, 42, 79, 27, 26 and 20 samples, respectively. A number of insect fragments over a regulation
of the United States Food and Drug Administration was found in 31 products of which 29 and 2 were found
in rice noodles and egg noodles, respectively. The study suggested that a production process, a location

and a personal hygiene should be considered for improvement.

Keywords: Light Filth, Noodle products
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