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Test accuracy of urinary calcium oxalate crystallization index (COCI) for diagnosis
of urolithiasis, and development of an innovative quantum dot nanoparticle-

based method for determination of urinary oxalate
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Abstract

Urinary stone disease or urolithiasis, a condition with presence of mineral masses in
the urinary tract, is a long-standing urologic problem worldwide, and it is more pronounced
in the tropics, especially Thailand. Most of urinary stones are formed in kidneys, so-called
kidney stone that increases risk of chronic renal failure. The most common type of stones is
calcium oxalate (CaOx), and formation of this stone is driven by urinary CaOx supersaturation
and crystallization. Therefore, measurement of urine capacity to crystallize CaOx is
reasonable to estimate the risk of CaOx stone formation. We had developed a new method
called calcium oxalate crystallization index (COCI) to be used for screening CaOx urolithiasis.
The original procedure od COCI test published in 2014 was time-consuming, as it set an
incubation time for CaOx crystallization at 60 min. In this study, the incubation time was
reduced to 10 min, and COCI values based on the new procedure were measured in 24-h
urine samples (n=302) from stone-forming subjects (SFS, n=173) and non-stone forming
subjects (NSFS, n=129). Urinary COCl values in SFS were significantly greater than that in
NSFS. ROC analysis to separate SFS from NSFS revealed an area under curve (AUC) of COCI
test of 0.7651 (95% Cl: 0.7124-0.8178) and 0.8839 (95% Cl: 0.8115-0.9564) for all stone cases
and only Ca stone cases, respectively. This indicated that the COCI test had a moderate
diagnostic power (AUC: 0.7-0.9), especially for Ca stone urolithiasis. At cutoff of 460 COM
eqv. mg/day, it gave sensitivity, specificity, positive predictive value, negative predictive
value and accuracy of 84%, 81%, 61%, 94% and 82%, respectively. The other issue of COCI
procedure was that it required centrifugation to separate the crystals and it takes time. We,
therefore, developed the new form of COCI called magnetic-assisted COCI (mCOCI). The idea
of mCOCl is to embed magnetic nanoparticles into the COCI crystals in order to separate the
crystals by magnet instead of centrifugation. Unfortunately, the mCOCI did not work. We
could embed the magnetic nanoparticles into the crystals, but magnetic separation was
relatively ineffective, mainly due to the low magnetic strength of the magnetic
nanoparticles-embedded COCI crystals. The other thing that we tried to improve the COCI
measurement is to change the way to quantify amount of CaOx crystals from UV absorption
at 215 nm to visible wavelength at 470 nm, as UV spectrophotometer is rather expensive

and not practical for the routine laboratory measurement. An alternative form of COCI was
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developed and designated chromogenic COCI (cCOCI). Coomassie brilliant blue (CBB, R-250)
was embedded into the COCI crystals, and the crystals turned blue. The stained crystals
were washed with acetic solution and re-dissolved in 2 N HCl for measuring absorbance at
470 nm. The data of cCOCI were corresponded well with COCI data, suggested that that
cCOCl test could be clinically useful.

The other purpose of the present study was to develop novel tests for measuring
oxalate in urine and food samples. Two methods with different detection principles have
been developed. One method was developed based on quantum dot (QD) nanoparticles
and oxalate-binding ligands, called QD-based oxalate test. The other was based on
enzymatic reaction of oxalate oxidase (OxO) and protein nanoparticles, and we aimed to use
this enzymatic oxalate test as point-of-care testing (POCT). We successfully synthesized
oxalate-binding ligands and be ready for conjugating with QD nanoparticles. For recombinant
OxO, we successfully cloned the Barley OxO in yeasts (Pichia pastoris), and be ready for up-
scaling to get sufficient amount of OxO enzyme for fabrication of OxO-containing protein
nanoparticles. POCT for detection of glucose was also developed. The idea was that to have
a dual detection of oxalate and glucose in one test. It will be useful for the stone patients
to know levels of oxalate and glucose in ready-to-eat food, in order to avoid consumption
of food containing high oxalate and sugar. Also, it will be beneficial for general healthy

people who want to avoid intake of oxalate and sugar rich diets.
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;s‘lJ‘f"i 4 ROC curve 983 urinary COCl test  AUC: area under curve 22
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UM 11A W3guiiguen urine volume, urinary creatine, urinary proteins gy | 38
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sUTl 22 ¢ urinary COCI vasmy WisuLfivuRiow (Day 0) wazwdansiduin (Day 35) wy | 49
yindadien urinary COCI gatu uaglutud 35 gelueralifodrdnydlaifiouiud o

Ul 23 mnudusiusuesrn urinary COCI Autianaedn Caox Tulavesvynmassiiviil | 49
Aein wuifleuduiudidauinesaditudfy
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gﬂﬁ 25 UfAzealidmiudunsizi oxalate binding ligand (Cus,l) 55
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5Ufil 27 #e8hs SDS-PAGE Lilensiasaunisuanseanveslusiu OxOx wuin band 7 56
Uszanad 30 kDa LUu OxOx wazanwalinsizsiinuedlusiume mass spectrometry

wU31 band sana1adulusiu OxOx 93

Ul 28 fhegrsmsvh POCT dmsunsiainnglaa Wisuifisusesing chromogenic 57

substrate DAB wag TMB Tun1igiiinsawazluiingm

10



foyey

%4

JeyanwaluazAies

navfl GB-B 60 067 30 11

GUED ALY

95% Cl 95% confidence interval

AUC Area under ROC curve

CaOx Calcium oxalate

CE Capillary electrophoresis

Ccodl Calcium oxalate crystallization index
cCOCl Chromogenic COCI

mCOC] Magnetic-assisted COCI

CT scan Computed topography scan

ESRD End-stage renal disease

FTIR Fourier transform infrared spectroscopy
GOx Glucose oxidase

HPLC High performance liquid chromatography
iCOCI Indole calcium oxalate crystallization index
NPV Negative predictive value

NSFS Non-stone forming subjects

Ox Oxalate

OxOx Oxalate oxidase

PPV Positive predictive value

QD Quantum dot

ROC Receiver operating characteristic

SFS Stone-forming subjects

Thai SEEK study

Thai Screening and Early Evaluation of Kidney

Disease study
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Tsafilullaane (urolithiasis e urinary stone disease) Wunmsiinufouisluszuu
madudaanig lnensnedivesiaufnanaududiednds (supersaturation) wagn1sanuEn
(crystallization) vesansieiluilaanis wazsdnihiidWauazwuanniiande nanunaldessens
.am (calcium oxalate, CaOx) augnaslsainlullaanyaeduilan uasiuuilugetunn® &
mAtenehanunveslsaialutiaanefigiudiusiuamelandou (1] muynvaslsni
Haamzlulsemalnenugeanlunany fusenidoanile Ussanudesas 16.9 tudelulszvng 100
AU avdnufitlonadulsaihlaanglutinatlanamiwedin Yssuna 17 Au ?faqamn [2, 3]
uaznHasITevesanzideennisdsrluvgthuludminumansa wui anuynvesin
f53liiuand01n13 (asymptomatic stones) genefevay 12 mMswtsrinvadlsaladaansuimiy
fumisiAnialé 3 i léud 1. 97lula (nephrolithiasis %38 kidney stone disease) 2. filuvie
¢ (ureterolithiasis 3o ureteral stone) waz 3. falunszaas (cystolithiasis %38 bladder

a A& a

stone) vaNnuLINAan As 1alule

q

'
U =

Yamndrrananvedlsadalulaang A nsiluilagi (stone recurrence) Wioiluwaail

v 9

=

Tomanduiludidnann dayaannisnwilulsieiviaveuwiy wudnsinisiaiigigadesas

Y Y

38 melu 2 Iudsmssidaieniiioen [4] uagmsfinyilulsaenuiapnasnsel nudasmsaiiniag,
fovay 25 melu 3 Indanisaanedn ﬁﬁwﬁ’mﬁﬂaaﬁuaﬂmmﬂmﬁmﬂuﬁﬁmmm% wazfouiisd
valvgjann dedfisutufiheilulssmans fuan Ssdmalilagnihansléinntiu suideikiun
vosnnziidenuiiiieinlniussavinmmsvinuvedlaanasedsiitfddilodiouivaulni
warlulaveaUleiin1sdniau (intrarenal inflammation) uagnsiinwarnAga (renal fibrosis) [5-7]
Faduanmaivihliladeunazilugnadulsalanedesiluiian lusamdlnedufivonsuiuii
saihladafuvilsluilado deamdnvestsalnszozanying (End-stage renal disease, ESRD) [6] ng
foyaanmsfnuideszangves Thai SEEK study wuimsidulsaiiladiiuaudesionisie
Tsalonnei303 2.73 (95% CI: 1.80 - 4.12) Wi [8] dstu mawauiSnsansesmudssdenisii
Tseihlutlaanzadubesidudumn Wevssdivluvssnnsnluilasilemadosgesionsdulse
Tlutlaangihe whmisdestunmaifeids (sadudulsaiidesiuldlnensuiuasungingsuuas
0113) Fslufignazaninsnangtinisaivesnailsalamneiodsiidosdndlald silvnasssos
adesulsznalunisquainmiinelsalmieEosianas egnlsfnmdtelinmnefuuiunves
Ussimafimdsiaunegatulssmdlne Fadfauniulnlasduisinouassalium wilan
Udediegs

winalnmsisiatlaamgazddlinsuuddaiomn wesniuiuiwdnilulaanady

wieeos (building block) dwiuneduiuteuiy uazladennszduliiAnnsanndn fe Audush
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wpagpueangtanlutaanng 24 Talus (post-diagnostic 24-h urine samples) 158071 “fatin1an
NanuAaLTLDRNY AN 138 calcium oxalate crystallization index (COCI %38 1A%)” wagwui
urinary COC test Hanunsauengthelsaiilneananaudnilanuin IA1aula (sensitivity) uae
AAUNNE (specificity) WU 83.33% Way 97.18% muaisu [18] wagitddgywual urinary COC
adluauiiluinludaanizusliuanienis (asymptomatic nephrolithiasis) fe Jsnnuzdideided
urinary COCI test Hanunsansiansaspuduihlutlaansiliuansannisla egnslsinuneuiiay
aldasalalunsadiin Sududesinsidene iWedudulsyansnmnsldau (validation) ves
urinary COCl test 184910 urinary COCI test gnitauniuiiesJuisnaaaudmsuitadevionsan
nseamaiduialudaany Fadewihnsanwanuusiugilun1sitade (diagnostic accuracy study)
Y9IoNAADUL T4 diagnostic accuracy wNEAY ALEILNTaYeIsNAgeulunIsuen (differentiate)

| v A & v aa o valy 1 & & =2 I o aa o
senigUrenidulsanidesnsidadeeenanngildidulsatug lnen1sAnwianuudugilun1sidady
foUSEUB UNANISNAABUIENINGIDNAZRUNNAILNTY (58n71 index test) AuNan1snagaula
91NIBUNTFIUNTOT561989 (138N reference standard) &9 reference standard ﬁauﬁuﬁ%ﬁaﬁqm
Tudagiuilddmsuitadeinduselidulsaimdsauladinu wardmiulsainludaans
reference standard A® computed tomography (CT) scan [19] M580NLUUNITNAGDY (study
design) NANand1m3y diagnostic accuracy study tivean bias Tlaunanlun1ssIusIungy
Uszansiiegne mseankuunisvaaealy single-gate design [20] Tngsausiunguiiogeainngy
Uszrnsiaanurasdulsanauladnew ¥n1snsiade index test anUuTAAIY reference
standard BWUINGNAIBE1T AIUNANI0TIVINVON reference standard sonidu 2 ngu As Ngud
< a = oAl 1 & Y o 1 1 o aa =& a < 1
Julsanauladine uasnguitlidulsn udrdwinaianuwivdvesisegeu Fadousenudu
Al (sensitivity) wazAIANT LI (specificity) BagMNAINIINTIVIAVBS index test LUuMILa

(ratio scale) Ap9¥ININ15IATIZI Receiver Operating Characteristic (ROC) analysis {iaUsgiiui
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index test MwwRuiiUsEaNS A mundeeiiedlalunsiuungdrendulsanauladnwisenainau
liPulsn
Tunsfinunl lasausiunguiegrsnnguisznsiilenmanazduialulaais o
lsangnunaumansany waglsameuiay3sug wasnyinulnalfesiulsameiuia (un syl uag wn.
e [Wudandiuniswan) tiuliaans 24 49109 (pre-diagnostic 24-h urine samples) wazinen
. gj o 1 U ! lﬂl v 1 o d‘ aa U U da‘
urinary COCI 9ntutinguiiageimdnsinlasinismnauanyi CT scan wiedladendinlussuy
Jaameniold ududinguénedgrseandu 2 ngu laun 1. ngudtaelsaiialullaans (urolithiasis
patients #3® stone forming subjects) uaz 2. nguAulilduila (non-stone forming subjects) v
NN53LATIEA ROC analysis AMRUAAT cutoff ¥84 urinary COCI test LazAUIIAINSINANY
(diagnostic values) laun sensitivity, specificity, positive predictive value (PPV) Way negative
L. =~ a | add o X ° Y . . =
predictive value (NPV) LilaUsziiiuinionwautuasnsauanlgilu diagnostic test %39
screening test gaslsniilutaanglansolil
nsAnwldalinguszasAnaz@nwinisine urinary COCI test lunymaaesivinlyiinila
Tule 1ienTivaeuinAmlagavaumuysinamsisaaniilulavemynaaewield uazanunsald
Tunrsvenanudssnsiailulaaneliviold uasilloannisiuemsiiianseenyangesinln
Ql' ] a a v PN v a A a PPN
desonisiialsaililudaaney wasrielsaihlaansiewminifeinisivenmsisieensianad
ANzRRdERENLRgIuin Myinaladluansiegsemsanaunsaysdusunaeengianlue1ms
9dauls wazunaglinisnsiainAladdmsuinnguuetomsnunudssnasyinliiniale lag
wuseaniliu @1mnsnetia (lithogenic diets) Aip 01WnsfialaZiga wazemseuils (anti-lithogenic
diets) g D1sATlAlATRN Aety NsAnwlTeinseauladluasiesrainualduazinsoshunuiey
AIUVBINAINAIY
Tutlagdunsesiainseivesnsanlulaanistenldd 3 35 lawn 1. high performance
liquid chromatography (HPLC) 2. capillary electrophoresis (CE) Waz 3. oxalate oxidase
enzymatic method agnlsfinuiBimarlgdideidafinimsaingsenn varetuneu uazdeinis
a % 1 1 [ a éj U a 1 r-:ll
W3LUAIREINaUNTIn lnslanwizwaila HPLC uenaindanulivesnisnsiaindslifviniiaas
Ya o = a ' o Y Y] ad &  aad Y] o Ao w
AzRRdpLaue B lnidmiunsnnainesnynanlutagie 2 35 fe 59 1 01y 2 Yadenddry
A ldauwnuAduImziuaanean (oxalate binding ligand) saufuimalulagayniauily
AIBUALABY (quantum dot (QD) nanoparticle) lagmadndunuadudnmizivesnyLaniiadouet
UU QD nanoparticle UnagiiuauInmizuazlhvesn1snsainesenwaslutaanzla a1nns
NUMIUITIUNTTY AERIIELEEN oxalate binding ligands Minazduinnizivsaneianlan Ao
Ligand | #i51891ulmg Hu and Feng Tul 2012 dnwazlassasramaaiives Ligand Wuienauaane
Tntin Tioongtantnludunsinats aunuaiiniauis QD nanoparticle duanzitulaginiaiily

ANZEITY MNUUALTAUNUANWBNAATYU QD nanoparticle WaimuIENINTIRENNTaRTIale
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Tuansmeeelaans wiethluinedslunguussnsioganguithelsaialuiasny uasnguend
Tidudih adrefunisinan urinary COCI Tnendnmswedadvasnisnsrvineansantuilaanzee
3% QD-based oxalate test 4 fie Wasavae i Ligand-conjugated QD nanoparticles t@uasiu
Fregelaanz Useelieenananlutlaanyduiuaunusun QD nanoparticles woduudaazyiily
QD nanoparticles WasuaNTAN1aAil LaznieuiazSosualgeatsaisud Wensedufeuae
Uhinauamgoausaeuifiintursdiusiulssanuesensianditlulaanny @B 2 dwuns
asvineenwIanIzefeaIdun1Tvineureaeulell oxalate oxidase (OxOx) Wazn15a314 protein
nanoparticles Tnefidmneiiteiannlfifiu point-of-care testing (POCT) Sunauiidfayfiedein
n15lAau recombinant OxOx lildunnnedmiunan POCT test kit 3981 OxOx fidenu1ainann
F1ursiad (Barley OxOx) Tae host 7il4d1113U cloning Ao Bad Pichia pastoris Wiold
recombinant OxOx ka1ayiudaaseiidu OxOx-containing protein nanoparticles #aly
anN1ININTIInfAeaseanTanluaiIe1e azviufAzeTziueulel OxOx lakandn

(-2

Ju H,0, wdrvzihujisesenuoulesi horse-radish peroxidase (HRP) \ilewAsu chromogenic
substrate (TMB) Tifuansfifidtu wagenuiduvesdiiintuazuusiufuuiinaoensianiiileglu
ansietsiinaaey Tnserdevdnmsieaiull ausdideldiam POCT dusumansiatanglaaty
#e isauBsuanioulesl OxOx Wu slucose oxidase (GOX) wwaRndMSUNTTHAW POCT 1 Ao
$ipanslif 1 POCT test annsnnsiatalémioutuisoonsianuaznglaa deasiisslominndmiy
feiliannsodldhemsdimdns fussmuiuiviinueeneianuaznglaainniasidioda v
Tiannsaidesnsiulssmuensiifieaneanuaziinagald etestuninfndadluouan
wardafulslovionudnivhluiifesnmaidssemmsitooneanuasiiniagaie
Mnfinandediu agdléan dagtiudslifitnmannaialushegnallaansiiienazai
gnsgelunisusaifiunundesiensinihlullaanevdolditdedelsaialuliaany miliuszsens

Mlulinsueaueadswsaliuintsaiedlasanisiinty JvenisseTaazdaaiy daali

wa L3 ~

guANsainsinaigs wazdieihlngdiulngazunuunmdinedielionnsiiatuunuds {uils
Aoulugudl wazUszansnmnisynnuveslaudeuas inliidsssonisifnlaneiseslusuianla
' X do w a a a = ° . Y
NP NdAyNInTIIYssiiuamdsdlsaill v5e N3vi metabolic workup lutagdusiewmsia
asvaerialutaaniy easnethuazansdudsta 9g1stlae 12 parameters (Na, K, Ca, Mg, NHy,
CL, PO, SO4, UA, Ox, citric acid and pH) &udleldanggeunn waziimsldassluussmalvedosiin
= M Yo A ' A Ya v 2 A a Y] ad !
wsaunuldldvinge esnanudienuazalidiuas anzgidedalidmunenasiamisnisin
A5 URTIVTARNENINNISANKANLARLTULDDNY AN LALAINUDUFIYINTIVDILAALTIUDDNYLAN b
Yaag (urinary COC test) Trauarldlaasslulsanenuia wonanidsdesnmsnaiuinisnsiain
Ysunaeengiantudaanzuazludiegsomsiasuuiiendueyniauiluaieuduney (QD-based

oxalate test) uazuuuifoin1siliilu POCT Fsdpaduisnisiligendudounazsimlaung
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v
o v =<

wnzaufuuTunvesdsaslng aniidelimnusuiuuazuiuifios i B iautusnlvsiduld
Ustlovdlunanadineds lumidedovietasitiadelsailutiaans Smininavanunsoldlums
aranseainialulszaneillld waluounanaznanduyanaaey (its) @13 annual medical
check up 19

Lﬁmﬂ’]iﬂ’mmsqmmaausﬁgumimiﬁ’u Fotofansifevanetuneu Buanmsideiugin

s

A a v oo oA Y an & a ¢ 19 19 a wa d' vaa ::4'
NDARAU ARNLADN LLAYEIINITNAEDU GU']ﬂuu‘WQGUUﬂ']31611\‘1']1‘!11‘!‘1/18\‘1U§]U@ﬂ'ﬁ LN@I@I'Jﬁﬂ']iVlall'Uuim

a

wdninidnimsldinuiduadtnrieluithe uarlutunoudeluidumsndnyanaaey veoyani
911 0w, uazthesngnanawieldauads [21, 22) (5UM 2) dwmFUTE COCI test airAduldianniade
wdluiesfoinside warldifuinanimaaeuilesudmiunidedulseilutiaanzuds (18]
TunsAnuisjatiulufimsfignilussiuaainfioenuuunismnassiuy prospective Wi cohort
study (single-gate study design for diagnostic accuracy study) \euszdiumnuudugilunis
Aadevee COCI test @ QD-based oxalate test wag POCT for dual detection of oxalate and
slucose %L?Mé?ﬂL.Lm'mﬁ%’mﬁugwﬂuﬁawﬁﬁami Tla prototypes LLawiaLﬁawuﬁamiﬁqﬁm’iu

sgRuAdtn (FUN 1)

gﬂﬁ 1 Conceptual framework of the proposed study
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N1INUNIUITIUNTIIU

Tsafiatlaanz (urolithiasis or urinary stones) Aelsaiinainnisanwanvesasneiily
Haanny nefuludeudaluln nsaeln viels videnszmeiaany Tuteetuihdnivginuduiile
(nephrolithiasis) uazndniaulvgfinvzdundnueadeneonsian (nnunaufundnupaiden
Woawn) sesaandundnnsngsn LLasmﬁﬂsuaqmsﬁm (23, 24] SuEnviSedeuthlAatuilvungn
11N Agannsangaeeniiuanstnelies Inensivavestiaans uwidndnvidereuinivunelng
nmadutlaany alugatueglussuumaduliaanzdinladiunil ldansnsoduoenanld uas
FliAnen1svedlsaiany Tsnihladainduilymasisuguddyuesing uaglsaiinldves
vilan [25] WU UszimAuause Tuanfienayndesas 5-16 Ussimauauleideiiannuyniosas 5-10
Uszinmanigesnifinnuyniesas 8.8 LLaziuﬂf\]ﬁ;ﬁ'um'lwﬂmaﬂiﬂﬁaLﬁuqﬁuﬁaa‘] fuusiiv
amglanfeu (1] dwiuludszmdlvenuilgdinisaimaidulseihguaelunans fusenidounile
wuUszannidesaz 10-17 [2] uennetAnmsainsinlsngauds saihlndadulsaidsnmnduiiu
FrgenendsnsinuiisneBaastmienisindga [26] dwmaliiaefalaneFeuasisalasvey
gavingauun [6, 27]

ilpveaiautseaniu 2 vl puasiaiivieussniiiudulsznevvemdnlutouds Ao
Thiitlunaideundudiuusznou (calcium stones) Baduihiinuinniian Ussanafesas 80 o1aidu

TILAATEUDDNY AN ViSaUILAALTIUNDALNS NN IUDNANYDILARLTLDDNY AN UNDENS K50

!
=

waalsneanyLaniunsngsn Tadnvlanilse davludueadendudiuusznau (non-calcium

a

stones) nulsUssanuseay 15-20 louA 13nsag3n (uric acid stone) Tannisinauuailisevse
f19an3la9i (infection stone %38 struvite) uaziiadaiiu (cystine stone) \Jusiu

(%

JaanizUsenaulumeansingg uinuny ansduniduavanseliunid lagansneilinilegly
Ugangauuni laun uraley Weawln sanyian nsng3n tlunenlivsinaiauniiuag

anuianaeNdes we arswandansanudnududeundnuduazassq Inlu aunanaduiln

'
Y

ARUNUSIUANGY vowaiulasnig dmsuarsidesiunmsiiandnlutlaannzisunin asdudsin

1Y

AAlawn Tunsn Inwnadey waskunidey

o

g
a
7
Tsataludaanzandu multifactorial disease Htasuidsasonisiintiinatadade [9, 24,
28] natadunnglu (intrinsic risk factors) waztasunieuan (extrinsic risk factors) ¥inlymAnaIL
AAUNANIBLLNUBan (metabolic abnormality) Uadeideesineg wanildawaseainuynvedsailily
Jaeniy uwazaUnnisalnisiiniiag
Uaseideanielu (intrinsic risk factors) AvinlmAalsaly taun
1y Y a wa [V a a a PN a
- dugnssy aduseTRaseuaululsainlavsiilonaidusgenasinlse

- wewazeny wenenugURnsalveatiannndunemds wasnuludntesningve

17



Ty navdl GB-B 60 067 30 11

[y

- aafiananie (body mass index, BMI) anuidassionsiiaiainduluauiiian BMI

e

3
- e wansnuiteenuiigtinisavesnmsiadiluauinigenitluaufian
adeideaniouen (extrinsic risk factors) fidsualiAnlsnia 1eun
- o3 Fadutiiduidesdenininiianniiga Hosmnmsuslaromnsuaznsia

a

fualiiuviseanvesansiefuavansdudsi
nfioma wugtinsalsaflaanniuluinuiiinfonason
- 1@ fivhanluanmeinisiiteu vilsfingaahannsdeniemnnagmy
gUfnsnivesialaiiuiu
o1 messudssmusnunssiisiinasienistuansreiieenunlulaasiintu wu nns
Iasuinniudluvinagaiulsed iliesnenanludenuaglulaaizas
AaRaUNAMaLIUeAniidaadenisiiais T
- amgeenvuaniulaanizas (Hyperoxaluria)
- amzwaaeilutaanizgs (Hypercalciuria)
- anensegsntutaanivas (Hyperuricosuria)
- amweawlnlutlaanizas (Hyperphosphaturia)
- amsdwselulaanee (Hypocitraturia)
- mwﬁmﬂﬂamaqmié’ugamit,ﬁﬂﬁaﬁLﬂuwimaqa (abnormal inhibitory
macromolecules)
- amsdaanvduduiesannnsvinii (Dehydration)

- amwdaanudunseavsennsunniuly (Low/high urinary pH)

N3LARTA (stone formation) BuaNNSARKEN (crystal formation) Tutlaaiy ndnfiudu
building blocks wasiauila [29] JadedrdgviliiAandnlullaae Ae Azdudeinis
(supersaturation) vasansnaily Faldun waalen sengian Weawln wasnsagsn WWudu agrelsh

mululaanizdasdus Snwarnuateuie eansouriduazarseliunid delunisiiandndslile

£
I =

Fufumndutuvesansnofiluliaanuiivsegauies widtusvansitannsofurdeiuiduussu
asnetiefundniiintudie a1siivasannmeduienbresansneidtlullaans anlenanis
Aawdn vidoanmainizinvessanfiwadyvioln Fendn arsdudsnsnetia Ssdivisanslanavunmidn
i Buesn wunihiden Inlswoans (pyrophosphate) iWudu wazansluanavwialg S1winansdy
Imaqa 19U glycosaminoglycans (GAGs), Tamm-Horsfall protein (THP), nephrocalcin, urinary
prothrombin fragment-1 (UPTF1), osteopontin (OPN), bikunin (BK) wag albumin 1Juau lngans

Uit vssiukazannisiintiale wavuendnilnalalusiuniusegau (sialic acid-
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containing glycoproteins) fiegunionuwaniunumdidglunisineiniuseninwdniuwag
(cell-crystal interaction) fins@nw1lu renal epithelial cells Wu31 W&n calcium oxalate

¥
v v 1 (=]

monohydrate (COM) a13130§uriu sialic acid NiR@adld wagn1suiusenItananiugadiiasgn

fudalame lectin Ined lectin aglUneadunu sialic acid NRwad [30] azwiulanlutlaazing

anstiinkarantadensiinily day nsasinilvseliduy Juediuanuaugavesansiotinag

Y
U R

arsdudanisnetin mnludaansdansnatininnindmdudainilenadssaziiaidalady  wazlunia
A59TutNY ailfdudauinninaisnetiifazanloniadeswenisiindile eg1elsinu Jadeisuwsni
Judnsziunisanudnlutaanies fe aznsdudieindwesasneis Tnsaniz nsdudiveua
afpULarRaNg AN el NM13rsIvindnenmvesdaanglunisanuanueaiouona e way
YaUsunaeanaanludaaniy 3udulseleviiegedawonisussdiuanuidsawanisiinlsaialu
Jaae

NNINUITIUNTIY Tulagdulinsnsiadndnen nnsanadniaaiduteanyaniy
Yaag (CaOx crystal-forming potential) 8g1etioy 4 35 laun 1. 75 oxalate tolerance test 14
d1usudnen upper limit of metastability [31-33] @938z InUsunaeensnaniiiuacivlulasig
4:4' ::4' ::4' [ [ Y a = [~4 [y 1 Y a
mnigandsluinebifanisanndnludaane 2. Wunsinauaiusaveslaanizlunisieliiia
indeuwmai@eu [34] inlaen1s3uiuiafiisend1 non-protected non-renewed surface aslugiaag
Jaaniz uninUSunawdniinizgeguuiuinii Fanuidaansvesthielsaiiiasingn  uaawey
e Vuzidaanzyssnuunfagluiingninig nsneasuilienanulfuanus g Wity 92%
waz 73% suansu a813lsAnaisidesnisuSunataanizuinds 40 va. wazdasinuSuaaLel
iialdulanasiueie 3. J5nMaulag Sriboonlue et al [35] BaznseAuliaNaNLARLTELDBNY
e Inepuweadeuastulrunniune (excessive calcium) Tuan1igidl ethanol anuuinUSLN

d' = d‘ a t:’!( r-:l‘ 1 a d‘ = a U %} & a

waaLBeNluNANAARTU FanunUSunaeaweulundnianuduiusiuusunaeensnanlutlaany
Jeanusald i inUsunueeneannieesuld waz 4. 35 Bonn-risk Index (BRI) wauntulae
Laube et al. 1ud 2000 [36] {Ww3dnTsunazldiuunsvasuniian Weswnisvirinetu wazly
ABINITNITHHTYUAIDYIINBUNITNAZDU A1 BRI ATUIIANNANEIUVDIAIULTIUTUVDILARLTEL T
JaanzsaUsuawenlulisusansaniivadluivelminnisanudnusniu [36, 37] 35 BRI @1u1sa
TuungielsaizeananAuUnlad TA1AuTnnIzgen (100%) winndlidsldasin (69.7%)

| & aad vy A A a Ay a a = .
[38] 2¢14b5ARNY I TUABINTSLAT DI DNLALNADIRARIUNITAANAN IUNADANARBILUU real-time

a . . ~ Yo ! I ~ A a P Y a =

9139 kinetic WinltAuiuAIANNLTUYaaaulliutaanyaniiiuasldiialminnsnnNanwsn
Ju

amsuIsTIddu gold standard ¥89n15M5293A urinary saturation Wag crystal-forming
potential A N1sAUINAINTUTLATH EQUIL2 Feasldainlalulaanis 12 a1 loun anududu

=

¥84 Na, K, Ca, Mg, NHq, Cl, POy, SOy, uric acid, oxalate, citrate wagan pH [39] aiA1ldinegs
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wagldhaunu waglilonldludseinalve sewnil aaziidedslanauimadald@uinniendn
wartluwuu endpoint measurement Windndnenmnisannanuaadensengianiulaai uas

AIBTFHUIN “calcium oxalate crystallization index w38 COCI” [18] lagdlisn1svivanandlugun 2

5U#1 2 3501591 urinary COCl test (original procedure)
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NAN13AN®Y urinary COCI test Tusieoen9 post-diagnostic 24-h urine samples WuITRD
anunsausngtelsaihlnosnaneudnlddunn (Ul 3) fif area under ROC curve nnde 0.9499
(U7t @) Ui rarauiugilun1sifiaduvedis COCl test dwuusnnnudulsroonanlaiiulsneg
Tusgau excellent or highly accurate [40] wazilomune cutoff 71 165 mg oxalate
equivalence/day 2zdlA1Aula (sensitivity) WazAUTIWNIE (specificity) Winiu 83.33% wag
97.18% puddu Fsgannnenvziunliaisluaadnle uisndudesdinsnwifisfuiofigey
S¥AUAATN (clinical validity) neu lna@nwilu pre-diagnostic 24-h urine samples kaglUsguLiieu
HaNUIBTUINSZIU CT scan

wamsAnwSswudnin fihelsathusiavaiingdan urinary COCI liunnsnafueiad

(Y v

WednAey (3UN 5) agdlsimudrwugihelsaiusazadn lnaanziansagsn wasiansglni 6

v oy

£ | ‘:4' o Ay A A o a &
u@ﬂ@% ﬁ]3?1'331/]?]81/]’]?]']7]%8LW@UUUUNaWW‘UUWQIU

JUN 3 A1 urinary COCI Wiguiiguseninaulniuazgthelsaiile

21



Ty navdl GB-B 60 067 30 11

gﬂﬁ 4 ROC curve 999 urinary COCl test AUC: area under curve

Ui 5 @ urinary COCI Iuﬁz\fﬂmﬁ’mﬁia%ﬁﬂ CaOx: calcium oxalate, CaP: calcium phosphate, UA:

v

uric acid, MAP: magnesium ammonium phosphate, NS: not significant

[

auatlowiumaniusgdn urinary COCI test unagthuniimwissliduisnageunldliass

v aa o 1

ASUINRY e N0y e lUsEIuANUEgIRRNS AR luTday
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Tunszurumstannganageudusnlvidy Fesordumsidevarsduneu Buanmside
fugrufiodndu dnden uazairviivaaey niufigadnisldenlufesufoing Weldisnsd
auysoiudnisnfidainisldnusiduedindeluitae uadlutuneuselulunisuanyavaaey ve
Junsidou v, uaztheengnanauiiolfnuais [21, 22) amsidedfiefifatinslinuaidundin
violugfte (clinical validity) sgdfeafiunsfinwiieuszifiunuusiugivesnisideds vie
diagnostic test accuracy study Tneazdeauieuifisunavesdsaidne (index test) funaiildainds
reference standard &3 reference standard %@faﬂL‘ﬁlﬁ%ﬁaﬁqmﬁwﬁm%’ﬁﬁﬂﬁumiLﬁuiiﬂﬁgus]
dmsuszfeuisive nseenuuunIIMAaed kazn1senuNanIsduluaudaimvualy STARD
(The Standard for Reporting of Diagnostic Accuracy) [41, 42] N1399NKUUNITNARDIFINTU
UTIWNGUAIDE19MTOONLULLTY prospective study Waziitean bias ldunilanasidenty
single-gate study design ﬁQLLamﬂugUﬁ 6 [20] wazn1sseaunanisanwAsiuluniy STARD

checklist sauanslumssd 1 [a2-a4]

Gate criteria

Study group
suspected for target condition

| Index test |

Reference
standard

Target condition Target condition
present absent
Sensitivity Specificity

gﬂﬁ 6 A classic single-gate design (prototypical flow diagram) for diagnostic accuracy study
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15197 1 STARD Checklist for the Reporting of Studies of Diagnostic Accuracy

24



Ty navdl GB-B 60 067 30 11

3501501 HUN15I8

Trssmsiduiintsoondu 2 drumdn dwdivils Wunsfnyianuudusmesds Coal test
(index test) Tumsitadelsaihlutlaanne Fadumsinuilungulszansiogrsiilomaiduiilu
mangfupenideuniie esmnmanyfusendsanieduiuiififinnugnuesninfniigs lay
FIWTINGUAIDE19NTTINEIUIANMEIATY T5ane1u1ay3sud wazannvgdinuluginaune
Famsmnansany Uszansmegsinmytunnauazdesih CT scan iilensiaminlussuumaiiu
Uaany wasuusnquiszannsmoediseandu 2 ngu Insendena CT scan (reference test) Ao nau
Q’ﬂ’;ﬂiiﬂﬁ’aﬂam’w (CT positive: stone forming subjects, SFS) LLazﬂduﬂuﬁiﬂLﬂuﬁ’;ﬂaam (CT
negative: non-stone forming subjects, NSFS) A1u3uAINT15INARE (diagnostic values) U949
urinary COCI test Iagld CT scan Ju gold standard method

dufiaes HunsitaniBnisnrineensiasluilaamzuazemei 2 wuv fo wuudl 1
977t oxalate-binding ligands waz QD nanoparticles 136111 QD-based oxalate test WasLuUil 2
andeieulayl OxOx lneimunduy POCT @ﬁUﬂﬁW’i’JﬁﬁﬂﬂE’]@’]ﬁﬂ@Iﬂﬁ (POCT for dual detection of
oxalate and glucose) ieldnsnmatreansiansiuiuiunsnsininailad dviunisussdiv
arudsswiomsiinlsaiiluilaansligniesudusinniu lnsameihelaunadouoonsian s
fnfusinaeeneangsluliaany yuidedduiseenidu 2 svosdes Ao srosneandly
osUFUANTS iileduAT1e9i oxalate binding ligand wagduas1zsi QD nanoparticles Nty
Fouse QD nanoparticles U ligand B ligand-conjugated QD LaIWAUID LN LTINI9IA
pongantullaans Immu‘iifadaué’ameﬁﬁﬁmm‘iwmﬁwuéizﬁuﬂ%mm%amm UEING
el nanuds anelinmsiiuguandnues e.nsthmu dudu dmdvanAdelussesiiass Wuns
nrvineensanluasmesslaanzaieildnnnguiithelseialuliaanuasnquauilidui 3
Jushenadlaamzyaiierfiuildinalad ludimvesnsiann POCT Wusuine inusues usan
wg$nl JeaUnge Meldnisiduguananves nue.as. 9 Uynal wazsuenudde (collaborate)

U Prof. Hans Baumler 7 Charite — Universitatsmedizin Berlin, Germany

N15ANUINVUIAUTZBINTADE (sample size calculation)

VUIAUILVINTAIDEN AUINIUIAUTLVINTFI0819E MU diagnostic test accuracy
study A1N91891U84 Flahault et al. [45] mUELNITHAZAITINLEAIATUAN nsAnwEAAnRTIInA
mmhmaﬁ%maamzLﬁuﬁulﬂu 0.95 (95%) AMnuA minimal acceptable lower confidence limit
71 0.8 waw probability 71 95% zeasIUTITINNIY cases (thelsadalullaanz) sesdien 50 38

warandeyamnuynvedlsaitlunianzusendewnile winiu 16.9% 91w controls ({nlsidu
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flutlaany) flagdossiusiy Wi 246 (50%83.1/16.9) 518 T1USEMNSH08197IH8952UTIY
198U 50 + 246 = 296 51¢

a9 v o ° A v a
aunsAldAuINIY cases wiagtheinlulaas

71U cases NHANNITAIUI WaAMUAA1UL 0.95 lower confidence limit 0.8

AUNTNLYAIUIUTIUIU controls 13D ﬁﬁhjlﬂuﬁﬂu{]aanz

Frunudiiliduihlullaans winfu (50%83.1)/16.9 = 246 518 way Swaudinelseialu
Jaame aghation 50 518 Ty 296 510 FetunsANYIaTIUTIEIoIEATATUSTINNSE0EN
DUNUBY 296 318

Trsamsiseiladurefinnsnnasesssunisise anrusnIsunsasusssunTIseluay Ay

WHVEATERS PAINTUUNTINGINY WagNLTNEIWIAUMATAN wazlasun1sTusesuazeuldlti

9
LY

\NAUTIARLY AL ARDaN
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nadaiAmse (inclusion criteria)
1. LWAYIEUIONAN
2. o1y 18 T uly
3. gunsaiuietlaans 24 Flusld
4. @unsavin CT scan b9
5. ataslasiulaseinsive
inausiameen (exclusion criteria)
1. wieensss
2. Uaameilidonuu
3. Badelussuumaiuliaans
q

fnmefvihliAudaangdiuin wu urinary incontinence

Y =2 Y I =1 I 1 =3 [ = £ Y d! a 1

nsiisenanadasuusesnidu 2 dw duusn iWunsAndenananadaslunydiu Jediase
HunNeaainsasnsuguUsEd vyt (eaw.) dmiuniununguuseansiiegieanuyinu
TndiAssiulsanenuia g oay. e5u1eisingUszasduainisinnuidenasisnisinuegnelaaney
SUNINTZUIUNTIVE D18 aTATTUNITIU AU D IULAL AL DU IUIASINITIVEA I
AuaEsAsla  duiiasd WuNIsIUsINUIErInNIieg19anlsaneIuia eRnseUssauaIuy
) & A v av ° DR & Y a
Aagunndelsmluguddonasneruialsedmethelulsaimeuia weruadugesune

nszvIumsIdelvorannatandilamuidumsnusunguiiegisannmtu eiihg
NITUIUMITBUYBNIITINIToLULAE Y

prnasiasynauiiiniulasainside v CT scan ilonsnasumsiitlussuuliaansy
n199 CT scan Aduismahuuulifingdnd uasldsrezinailunsvh CT scan Useana 5-10 wn
foonanatng 1 518 Audswein1svi CT scan Aderdeiuns Xray iesnldSadadadieni
wifazfirudsslunsi CT scan agths widsasiinrmdndulunsitadelsn seaunsidenuin
CT scan hifnaidoseguanluszoren fausfiunanuddeasnonuiniuaudssenaiduuze

uweiALEEIIULTREN 9

Faia15uIA1UT8555U (Ethical Consideration)
TumaAfedanefiteldmiiunsitouasfifdeanaatasliaonadesiundnaiossa
ﬁug’m 3 49994 The Belmont Report lawn 1) nannisianswluymaa (Respect for person) lng
msliteyasgensudiuauermadnsdilaiusgrshuaindulasgrdasglunislinubusend,
$ulunside 2) nannnslvisslevd Lineliiindunine (Beneficence/Non-maleficence) ftieae

losuusglevoslstng enafnaudeseslsdomgUie nsshwianuduvesthelaslunuuiuiin
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Joya identifier MAgszydaiigUIe wag 3) ndnanugRsssu (Justice) AdiinauainsAnidnazaan

Faau In13nseneanudssuasraUseloyiogauiiieniu lngdsgudingudny deiulu

A5ANENY

[ 7
a A

. oanauarldsunmstuadlaasBenietunuitetuiiounisami
gugauinTwId

o ovanadasynauiiavslumsinduladisnemideldlaedasy

o mATvazhivhliomarinsléunsuinidu §r3antlemsinunfvessamedian
1NM5d9AT oraadasiiavsoousiui

[ 1

Joyadiuiivesetaainsnnauazgniiuduaiudy witeyaeagnilameseaisisuziiie

Y

Usglenlsanainnis lnglissyvevesenanadag

N1999NRUVIUITY (study design)

mu‘i%’aﬂftﬁumiﬁﬂm diagnostic accuracy 3999nLUUA1TNAGDY (study design) Ju
single-gate design [20] iilol¥an bias TunssauTunguuszansiegdlildinniian lnesius
naumegsnngulszrnsinainnaziulsaiiiaangiounayidaduseiFuinsg i CT scan
(reference standard) fiusegnadaans 24 43l udhnsnsIaTaelad (index test) fans

ALuN15398 diagnostic test accuracy study wansluguil 7

Subject recruitmemnt
24-h urine cellection

n=296
[ COCl test ]
Urinary COC| = cutoff Urinary COCI > cutoff
[negative result) [positive result)
[ — I
| CT scan | | CT scan |
Mon-stone forming Stone forming Mon-stone forming Stone forming
subjects subjects subjects subjects
| L — | [ - — | ] ——
ROC analysis
Cutoff selection
2 x 2 Tabulation
Test accuracy calulation: sensitivity, specificity, PPV and NPV

sUN 7 #an1580nUUUNITITY single-gate design 13U diagnostic test accuracy study
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nsiudagealaanns 24 dlue wazfouiia

Anizide vi3e oaw. vi3e Newta BduEIBMnALTaa: 24 Salusfigndedlsienanaasmn
18 dednlafudFadufutiaany tufinnaisuivuaznaniuan Waslnuea (thymol) Wuans
preservative dmdududinisiasauiviavesuuaiide

fegnafeuinasivluiesindnssrinsmssindaienteuiieen wmglusefifaeunmndyls
ansafuieuiald wazdthedusenlildansiegnatouinlunside

ansieteisilaany 24 Falusazdeudh avthunienesinaiosjifnnsd HesUfoins
o medvduedl Auzunnemand puasnsalminends mslnsziidesiuresasiiesng
Haemz T8un TU3unms A1 pH uay #3739 urine strip test Mnuuvaiudiunasndn q (50 mL)
viany 9 viaen Lufeeedl -80°C WlemsAasevirely dmsusiegnafeuin Srehanuazenauay
auluiie iiednsnzsivdinuesing a8 Fourier transform infrared spectroscopy (FTIR) fa&1

FTIR spectrum ¥e3ii1 CaOx 1usisgud 8

1
Y

gﬂﬁ 8 #1984 FTIR spectrum 489 CaOx stone

msnsnadladluasiegnelaanny

3513513852 UIUNT (procedure) #5399 urinary COCI ié’U%’uﬂiqmﬁlammaﬂmﬂ
fuatuiinendlilud 2014 (18] ilelsdianus e fundn Caox ity Tasordbnmuauifves
CaOx Tilaiazanelu acetic acid vaugiindndu 9 WU calcium phosphate Wag calcium carbonate
azanglélu acetic acid solution 33 COCI Aivsuasulumid Swamaannisanudnasan 60 undl 1y
10 w7l wazsiiuduneu incubation U acetic acid solution WHuran 10 wiFl ndwniildnznou

NANAINADENITAANIZ WAL WBALANYNANDUNLIVNAN CaOx ANUUAINANAILUINAULALVIN LA
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avanenaume 2 N HCL udniluinnisganduuasit OD 215 nm NseuIunIskagafuunIsyin

modified COCI wanslugui 9

JUN 9 nszuunsvin COCI test MsuiUasulnilismuuazdnmeiu CaOx 1

msnsaadlelad (icoc) Tuasinagnslaanis

o910 modified COCl $ndudadld UV SpectrophotometerIuﬂ’l‘ﬁﬂﬁ’m'ﬁﬂﬂﬂgmmﬂﬁ
215 nm Fepnavibiunaiesufuiinisluanunsadala weeldll UV spectrophotometer way
o UV spectrophotometer $1ALNIN11 visible (VIS) spectrophotometer F¥nauenndy

439 visible wavelength angHIdeFmTsInainarinUSunamdnuaaleneansianta neldufizen

30



Ty navdl GB-B 60 067 30 11

iliAnd wdrinFnganduuasiinnnuenaugi visible wavelength 99NMNTNUNILITIAUNTTY
wui senanaIsainUfi3e1iuans indole Tuangnsals IAndunaninusidvm Agandu
wasldRil 530 nm deu AwdAsy FaldRaunedaual 199871 Indole Calcium Oxalate
Crystallization Index %38 “iCOCI” g‘d‘ﬁ 10 LLamﬁﬂu’umaumsﬁw iCOCI

3% iCOCl dmSunsnsiaseuLazIaUsINaNEn Caox Situneunadaay fiil nsosinets
Uaanigene filter membrane 0. 22 um mﬂﬁ?u@mﬁaasmﬂaanzﬁmmLLé’am 950 pL t@u 50 pL
299 2 mM standard oxalate solution (Ox spiking) 1A 1 mL Y83 100 mM calcium chloride
nanld AR udaily incubate @ 37°C Wuan 1 h wieliiAn crystallization w&aantuLiily
centrifuge i 10,000 rpm uIU 15 w1 \umznounanld uda incubate AU 2 M acetic acid
solution Hurian 10 w910t centrifuge 10,000 rpm Wiy 15 wnd nade unzneuliuazéns
nznoumiy distilled water wazilu centrifuge 10,000 rpm U 15 W ﬁmﬁuﬂ%gaqmﬁw AU
AEneULEIazaNenYnaufe 0. 5 mL v89 2 N HCL fhegamaniiazangly 2 N HCL & wéeudiazionly
MU AseU indole reagent

w3eal indole reagent finnnandudu 1 me/mL laanssegnandndiazately 2 N HCL uae
indole reagent udndu 1:1 (@89az 150 pbL) waziily incubate  80°C Wi 45 Wi N
ﬁwiﬂi’mﬁ’]@mﬂﬁmmﬁ 530 nm HagAUIUAT ICOCI Yosans@ang s lagly COM STD curve (A4

WU 0.094, 0.188, 0.375, 0.75 way 1.5 mg/mL) wilsununsAtuinlu modified COCI 91961u

SUN 10 NS2UIUNISYIN ICOCI test HIUNDUNNITANAZNDU CaOx WU UAs COCI walUABUSEUY

Y

#9290 indole reaction
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wynaaesiilfiAnda

yhmavaaentowilumy Wistar rats $1uam 11 6 01 5-6 dUavi Foanauddninnaes
WA UNINeduLing ﬁﬂﬁmlﬁmﬁ'ﬂﬂaiﬁﬁufwﬁﬁziauwamm 1% ethylene glycol (EG) \Ju
a1 5 dUenii (35 ) iusedslaanie 24 92Tus Tneld metabolic case Jafn urinary COC
WIuifleusswinsnousasndsnininin venanidufusegndlannmy ewientudelndmiu
ffosg CaOx crystal deposits lulnvaany Jnsgviauduiusuasa COCI v Ysuna CaOx

crystal deposits Tulavasmy Iduiusiunsel

INALATYIUAIDE199191S
d‘ a o 1 d‘ d‘ U a IQI 1 Idl o % U d‘ U 1
eUssliunazdanguennsnidssenisinidaaneaueled innsinanlagludieeng
A a v 1 aa .. 1 a Y [l [ % 1
LATOINULAZENANN ) M58 original COCI uaasuanseglaaiziluiieg1991m13
MagaesoRudan Ui uamINTokaraInanluanJnLarUSHMNa dvatengy laua v
nun w dnalil soft drink LATRIANYAIET waziATewRLInNIY diufegain@enaainantuln

nvnLazUSUAMa waznaInannaudn ludaninyssud (asstnulsameunayisug)

3n15m31aTaddlad (ccocr)

nszvIumMsaladagmileutu COCI Tuguil 9 witigafumnsnsiude standard Aty
oxalate unuitaziu COM crystals dieliaunsatioiodoundnladlamvy dunounisannanly
cCoCl l@fiunisiiu 50 ul e Coomassie brilliant blue (CBB, R250) solution (19%) #7¢ waziile
IonEnlaTudn desdrauerdduniuiililsildlundneansivaisazats destaining solution
(containing acetic acid and methanol) 1 A%s u&azanendnde 2 N HCL mﬂﬁ?u"'imm@mﬂqul,mﬁ

470 nm ﬁQLLamﬂugﬂﬁ 11
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=

SUT 11 nszuaunsvil cCOCI test Aivsuann original COCI wilailaansd CBB aslundnlad@lviuaadiu

v

AN YU wazinUTnananlagianisganduuasil 470 nm

ASWARN recombinant OxOx Tudan
& ~ a ¢ s ] ' v a a
TJunaunslraudu OxOx uaznsuantauled OxOx Tuwaddativaistunsugoy fafasule
wadavuauans Welaoulwsl OxOx udrazihudaasizsidu OxOx-containing protein

microparticles Liayin POCT for oxalate detection sigly
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Vector construction

1. dduasen Barley oxalate oxidase (Barley OxOx) gene (Genbank 289356) Tu PUC vector

(Barley OxOx gene in PUC vector, Genescript, New Jersey, USA) with codon usage

optimized for Pichia pastoris

2. 11 Barley OxOx gene wluly pPPICZOLA vector %Q pPICZAA vector \Ju Pichia expression

vector uagdl gene Ay Zeocin HUURDUN1TYIN Vector digestion and ligation lnegassil

§in vector PUC-Barley OxOx Way pPICZOLA-Derp8 ¢18 Xhol Wwag Notl restriction

enzymes (BioLabs) Way purified @1ua4 linearized Barley OxOx 210 PUC-Barley
OxOx W@ linearized vector pPICZOA 910 pPICZOA-Derp8

\au linearized Barley OxOx wae linearized vector pPICZOA (ludnsnaau 5:1)

W98 UAIY Enzyme T4 DNA ligase (BioLabs)

Transformation of E. coli

11 vector pPICZOA-Barley OxOx 71 ligation L38USBWAT transform 121
competent E. coli Top10 #2835 heat shock method wazLAEIUY LB low salt
agar 7T 100 pg/ml Zeocin, overnight 7 37 °C

Winguau vector T E. coli Top10 Tu LB low salt broth with 100 pg/ml Zeocin

overnight 37 °C , shake AIBAIULSI 250 rom

afin vector pPICZOA-Barley OxOx 210 E. coli Top10

Transformation of Pichai pastoris

fin vector pPICZOLA-Barley OxOx ¢18 Sacl (BioLabs) Wiel9ilé linearized vector
pPICZOA-Barley OxOx

14 linearized vector pPICZOlA-Barley OxOx 91U3U 5 pg @35U transform 141
competent P. pastoris X-33 eIl electroporation

LgsJ\‘i‘U‘u YPD agar with 100 pg/ml Zeocin 7i 30 °C \Huwan 3-7 days

OxOx protein expression

\&0n 3-5 transformed colony Lﬁyshﬂu BMGY media, overnight 30 °C
Wash yeast cells 78 BMMY 1 ads

Resuspend yeast cells T BMMY 5 mL T9il#l ODggo s3uAUIINAY 1 N32AUNTS
Laneanvedu lngn1siid methanol nniu Ineld 0.5% methanol v81 final
concentration kagiiu supernatant 984 culture yeast media VJﬂi’Uﬁ@ULam

methanol Tuag 200 pL

34



Ty navdl GB-B 60 067 30 11

® 19 SDS-PAGE @15U check nsuanioanuadlusiusiudaaulasl OxOx

® o1 acrylamide gel Ay Coomassie blue Wag PAS Liens13@8u band Yaslushu

wag glycoproteins AUAINY

® u1nYBY molecular weight 489 OxOx Useanad 30 kDa

A5IRUNe wazaudutuves particles TneldiA3as NanoSight NS300

A3 NanoSight Tmalula8 Nanoparticle Tracking Analysis (NTA) dnsuinaun
nanoparticles fifluuAsening 10 — 2000 nm Ingedendnnsiadeuiives particles luveuvas
MUNGE] Brownian motion uag light scattering nsinABuTIveq particles aggnUuiintiluguuuy
F#ile wilerunns processing Y81 software a¥s18IUHATIIUIA particle (nm) wag Amudues

particles (particles/ml) 52189015052 A1861984 particles

N13ATIEdYyaNeada (statistical analysis)
0 Yuausdeyaluzuuuumsnsanud fesas A1 mean + SD ¥do median (interquartile
range, IQR) MUBHALAEN1INTEINLAIVDITDYE
0 Uszludnennlunisilu diagnostic test Inaenfia ROC analysis ntufua cutoff
#5719 2 x 2 Table way AuIaMA1 diagnostic values
0 Wisuiflguanuuaneinsesan urinary COCI seninngusognsiiduialullaans uazngu
Flaivfuiiy ¢he Two-samples t-test

O NMSMANUAUNUSIENING 2 AaUseatiles Iae Pearson’s correlation test

@)

Audlaeldlusunsuead@ Graph Pad Prism 5.0 uag Stata version 12.0

o o A

O nuusdedAyy P < 0.05
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NANI578

Us2yINIH208199NANEN

STNUTEVINTREmazAUI0g19taa1y 24 Falud 10 3 @a1unt tewn 1) Tsanenuia

v 6 o IS

S3ud gunoles Imiaussud 2) lsmeuadauaiuguaindiua (sw.an.) drulanls duanueens

e)l) .a(__a

nnounf dmiauvansau way 3) lsswenunasmansan o.iles Sminuvnanse S5
nauUszgnnadoenaldvisdu 302 518 Swundu anlseenuiayiug S 22 918 gty
TndiAesiisuiinvoulae swan. thulanls Sy 137 518 uazainlsmeruiaumansany $1uou
141 38 (M3 2)

oaasiamneldadeluludugenthinilasimAdesenuaiagle thaisfedn
Haanziamuanduinds nieivFued eusuwemand Tuaansaiiminends ileaseily
osfiRnmnazarninadvinisanndnueaideneeneian (1ad) uaznsinseilu

v a wa A
NOIUHUANITOU

4' U 1 tﬂl = tﬂa’
A15199 2 Uszannsmegeisausiulalunisdnwnd

Variables Frequency (%)
Number of subjects 302 (100%)
Age (years) (mean + SD) 53.97 + 11.16

Gender
[ ELES 152 (50.33%)
Females 150 (49.67%)

Urine volume (mL) (mean % SD) 1460 + 744

Subjects by stations

Tssngnunayisug 21 (6.95%)
nituluase sw.an. daulenls 137 (45.37%)

159INYIUIAUNRIEITAY 144 (47.68%)

NANT5ILASIZHIAG (urinary COCI)

Taalagluinegnsllaaiy 24 9219 Aoun153lade (pre-diagnostic 24-h urine samples)
Viavun $119U 302 Mg waunguauNa CT scan aandu 2 ngu fis nguitliing CT scan 1Ju
au visenguaruAuliiuily (non-stone forming subjects, NSFS) 9113w 129 518 (42.72%) uae

ﬂfju‘ﬁ Tvina CT scan Juuan M%aﬂﬁjuﬁlﬂuﬁ? (stone forming subjects, SFS) %38 urolithiasis (UL)

36



Ty navdl GB-B 60 067 30 11

patients) $1uu 173 318 (57.28%) muiuandlunised 3 naungugtieiuaznguauauiienguas
NINEMIVBANARANANSTWREN Ty Aty USuna Urinary proteins Tungy SFS @andn NSFS
agiitidAty warUTinuasiueyyadastlagsiu (total antioxidant capacity, TAC) Tullaanie
Y9INGU SFS ANIngs NSFS eeafitfdndny (msaft 3) (3UA 11A)

NAN3INSEU urinary COCI fe3Bnsiiusuusslv (musuil 9) wudangu SFS Jf1 urinary
COCI aaningu NSFS aeiitiedfiy ilumbeseTu (COM eqv. me/day) wagwie]
normalized fgen creatinine Tutlaans (COM eqv. mg/g Cr) fauanslumsnsil 3 wagguil 12

Jleimsgi ROC analysis U1 N153AAN urinary COCI (COM eqv. me/day) f81unalunns
Fuunngu NSFS 8anain SFS Lad e area under ROC curve (AUC) winiiu 0.7651 (95% Cl:
0.7124 - 0.8178) tagA urinary COCI Tunting COM eqv. me/g Cr dA1 AUC 11U 0.8088 (95%

Cl: 0.7602 - 0.8573) sauanslugudi 13

a . ] Y = = ' ] AN 1 & a
M19199 3 Demographic data wagAIN305393As9 9 IWSsuiieuserninanguauauiliiuia

(non-stone forming subjects, NSFS) LLazﬂﬁjmﬁL‘fJuﬁa (stone forming subjects, SFS)

Variables NSFS SFS P values
(CT negative) (CT positive)

Number of subjects 129 173

Age (years) 51.23+9.73 56.18+11.76 0.0002

Sex (%) <0.001

Males 39 (30.23) 113 (65.32)

Females 90 (69.77) 60 (34.68)

Urine volume (mL) 1313.46+639.83 1570.78+797.83 0.0028

Urinary Cr (g/day) 2.23+2.01 1.57+1.27 0.0005

Urinary proteins (mg/day) 165.36+140.69 417.51+560.36 <0.001

Urinary proteins (mg/g Cr) 99.72+140.47 658.83+1555.10 0.0001

Urinary TAC (VCEAC mg/L) 711.33+222.33 485.57+254.63 <0.001

Urinary TAC (VCEAC 865.11+379.62 728.66+£501.25 0.0101

mg/day)

Urinary COCI (COM eqv. 292.22+305.49 902.06+837.61 <0.001

mg/day)

Urinary COCI (COM eqv. 166.18+216.25 1509.42+3094.20 <0.001

mg/g Cr)
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gﬂﬁ 11A Wisugue urine volume, urinary creatine, urinary proteins &g urinary TAC
iz%d%‘imjumum\l non-stone forming subjects (NSFS) LLazﬂéuﬁLﬂuﬁaﬂaanz stone forming

subjects (SFS) error bars W@ mean + SD
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U 12 ¢ urinary COCI dalagls COCI test NUTulna WS uiiguseninnguaIuAy non-stone
forming subjects (NSFS) waznguiiiuiiatlaanz stone forming subjects (SFS) U313z urinary

COCI Tungu SFS andngu NSFS aeeditiudfisy error bars kans mean + SD

sUfl 13 ROC curve 984 urinary COCI Tun1331un (differentiate) nga NSFS 88n27n SFS ¥idlu

wihesiatu (COM eqv. me/day) (A) wazmiiefi normalized fean creatinine Tullaaiz (COM

eqv. mg/g Cr) (B)

\loAwInAn diagnostic values Tuusiuag cutoff Mdenun (ANNgandn cutoff dewunauan)

Iinamum5197 4 1 cutoff VWL accuracy g9gn Aa 460 COM eqv. mg/day (31A1 sensitivity
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wag specificity 11AU 63.01% Waz 81.40% AUa1AU) ke 350 COM eqv. mg/g Cr (HA1

sensitivity Way specificity (MU 61.85% Way 89.92% A1Ua16U)

A157199 4 A1 diagnostic values ¥84 urinary COCI idwlalalunmay cutoff Tunssuwunaundu

fviavun (SFS, n=173) aana1naudn®@ (NSFS, n=129) wagm1514 2x2 vadunay cutoff

Diagnostic values Urinary COCI cutoff Urinary COCI cutoff
(COM eqv. mg/day) (COM eqv. mg/g Cr)
200 325 460 140 180 350
Sensitivity (%) 80.35 70.52 63.01 80.08 75.72 61.85
Specificity (%) 47.29 65.12 81.40 62.02 70.54 89.92
PPV (%) 67.15 73.05 81.95 74.35 77.51 89.17
NPV (%) 64.21 62.22 62.13 72.07 68.42 63.74
PLR (true positive/false 1.52 2.02 3.39 2.16 2.57 6.14
positive rates)
NLR (false negative/true 0.42 0.45 0.45 0.29 0.34 0.42
negative rates)
Accuracy (%) 66.23 68.21 70.86 73.51 73.51 73.84
PPV, positive predictive value, NPV: negative predictive value, PLR: positive likelihood ratio, NLR:
negative likelihood ratio
Reference test (Gold standard)
CT scan
+ cutoff: 200 COM eqv. mg/day Positive (SFS) Negative (NSFS) Total
% G = Positive 139 68 207
E 8 § Negative 34 61 95
Total 173 129 302
Reference test (Gold standard)
CT scan
= cutoff: 325 COM eqv. mg/day Positive Negative Total
% S = Positive 122 45 167
E 8 § Negative 51 84 135
Total 173 129 302




HoyeyLaan

Reference test (Gold standard)

GB-B_60 067 30 11

CT scan
*a,,-)' cutoff: 450 COM eqv. mg/day Positive Negative Total
+—
% o = Positive 109 26 135
o o o :
£ v+ Negative 64 103 167
Total 173 129 302
Reference test (Gold standard)
CT scan
+ cutoff: 140 COM eqv. mg/g Cr Positive Negative Total
()
% T = Positive 142 49 191
© O o
£ oo Negative 31 80 111
Total 173 129 302
Reference test (Gold standard)
CT scan
% cutoff: 180 COM eqv. mg/g Cr Positive Negative Total
(0]
% o o Positive 131 38 169
© O o
£ v Negative 42 91 133
Total 173 129 302
Reference test (Gold standard)
CT scan
*5 cutoff: 460 COM eqv. mg/day Positive Negative Total
s | o = Positive 109 24 133
ie] O o 3
£ v o Negative 64 105 169
Total 173 129 302

NANSAATIZHAIUTUNUS TZN IS urinary COCI wag urinary proteins Las urinary TAC

a 6 U U y . 1 U . [ v 6§
HANITIATIERANUEUNUS LAY Pearson’s correlation test WU A1 urinary COCl duWug

WauInfiuan urinary proteins (3U1 14) walladuduiusi@eauriu urinary TAC sghaildudfny (U7

15) 99UalTLuLI1 A1 urinar

1%

=]
NgIVU
Y

Y

y COCI M1getu dufusiiu renal tubular damage wag oxidative stress
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JUN 14 n9vluaninnud@uiusiBeuinsendng urinary COCI Wag urinary proteins (n=302)

JUN 15 n3muananuduiusidaausendng urinary COCl wag urinary TAC (n=302)

WAN3ATIER ROC uae diagnostic values ¥4 urinary COCI awrgludUrefiduiinviiaun
asuanganLazuaatteunagan (Ca SFS)
Wesnihdvanevils Astunisigal urinary COCH (Feinaniz capacity 983anWan CaOx)

Tun1931 NI muADeNINANUNG YINIALDIUITILUNAN NNSANWILRIADILENIATILIRNY
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faefhueaidueeneianiazunaidesmaan annauitaeda (SFS) S1uau 173 510 flidins 44
sefiifegnsfeuiniiolinsziviavesiafeds FTIR 910 44 518 §1 37 318 WJuiueadeueena
annazaadloamn wazdn 7 518 Li‘]uﬁ'gﬂsmg%ﬂ seths msiAsies ROC @ Safunsm
diagnostic potential Tun1suen 37 Ca SFS 80n21n 129 NSFS

[y

A1 urinary COCI lungal Ca SFS (n=37) ganinlungu NSFS (n=129) seraiiifudndny (U7
16) wawuilaNAs1z9i ROC analysis U3 AUC 984 urinary COCI (COM eqv. mg/day) winfiu 0.8839
(95% CI: 0.8115 - 0.9564) d@1u AUC w83 urinary COCI Tuag COM eqv. mg/g Cr a1 AUC

Wi 0.8846 (95% CI: 0.8146 — 0.9546) fauansluguil 17

sUfl 16 /i urinary COCI FalanA5 COCI test fiusulual wWisuifisussminsnguenuny (NSFS) uag
naufifuiiuaaiBon (Ca SFS) wuinszdu urinary COCI Tungal Ca SFS gandnngy NSFS agnadl

LY

HedRgy error bars LaAd mean + SD
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gﬂﬁ 17 ROC curve 9849 urinary COCl lun1s91uun (differentiate) ngal NSFS (n=129) 88n37n Ca

SFS (n=37) Malunbesiot (COM eqv. me/day) (A) wagyiaedi normalized §een creatinine T

Uaaeg (COM eqv. mg/g Cr) (B)

idlorwinAn diagnostic values Tuusiuaz cutoff Mdenun (A1gandn cutoff dewdunauan)

I¥namun13197 5 1 cutoff L accuracy g9gn fie cutoff 460 COM eqv. mg/day 1A

sensitivity Way specificity M1AU 84.09% way 81.40% A1UaIAU Way cutoff 320 COM eqv. mg/g

Cr i sensitivity wag specificity 1nAU 81.82% Way 86.82% muannu Ninaulafe Mides

cutoff Tifn NPV g48la 93.75% wag 93.33% aua1siy

A131991 5 A1 diagnostic values W84 urinary COCI NAwiadlalunsag cutoff lunssuunauidu

fnviavun (SFS, n=37) eena1nauund (NSFS, n=129) Wagm519 2x2 U0dusay cutoff

Diagnostic values

Urinary COCI cutoff
(COM eqv. mg/day)

Urinary COCI cutoff
(COM eqv. mg/g Cr)

460 300 320 110
Sensitivity (%) 84.09 90.91 81.82 93.18
Specificity (%) 81.40 61.24 86.82 51.94
PPV (%) 60.66 44.44 67.92 39.81
NPV (%) 93.75 95.18 93.33 95.71
PLR (true positive/false positive 4.52 2.35 6.21 1.94
rates)
NLR (false negative/true negative 0.20 0.15 0.21 0.13
rates)
Accuracy (%) 82.08 68.79 85.55 62.43
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PPV, positive predictive value, NPV: negative predictive value, PLR: positive likelihood ratio, NLR: negative likelihood ratio

Reference test (Gold standard)
CT scan
*5 cutoff: 460 COM eqv. mg/day Positive Negative Total
s | o = Positive 37 24 61
ie] O o :
£ v Negative 7 105 112
Total 44 129 173
Reference test (Gold standard)
CT scan
+ cutoff: 300 COM eqv. mg/day Positive (SFS) Negative (NSFS) Total
(0]
% o o Positive 40 50 90
© O o
£ oo Negative q 79 83
Total 44 129 173
Reference test (Gold standard)
CT scan
*5 cutoff: 320 COM eqv. mg/g Cr Positive Negative Total
X | o o= Positive 36 17 53
ie] O o :
£ v ¥ Negative 8 112 120
Total 44 129 173
Reference test (Gold standard)
CT scan
+ cutoff: 110 COM eqv. mg/g Cr Positive Negative Total
()
% o - Positive 41 62 103
© O o
£ oo Negative 3 67 70
Total 44 129 173

HaN15ATIERLTAG (urinary ICOCI)

nsAnedgalanauITIvdIuNTATLALS NI ICOCI test Tngldasazaie indole ¥

Ufiisenfiu oxalate Tu COCI arystals tvelanansainnisganduuasdai visible 19 Ingliddaaingia
AaU UV a1nduiusiiegadaands 24 dalus ianue 300 feg1e ladnanlelad 260 518 wialy

naumuAuliiduily (NSFS) $1uau 129 518 (49 + 10.14 years old) wazguiiluda (SFS) §1
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131 578 (56 + 10.24 years old) Nan3ANWINUIISEAU urinary ICOCI Tungu SFS aandngs NSFS

o w

pgelitedAgy (0.45 + 0.42 vs. 0.30 = 0.21 COM equivalent, g/day) (g‘d‘ﬁ 18)

dlo3asen ROC analysis wu31 A5 3AA urinary iCOC] fg1unalunisdeunnga NSFS
oon9n SFS 16 fld1 AUC i 0.690 (95% CI: 0.623 - 0.758) fauandluguil 19 mamvun
cutoff i 0.305 (Frunnndndni Ihdunauan) asiian sensitivity uas specificity WU 64.12% lay
61.24% PUAWU Iziiudnen AUC 4849 iICOCI sndnen AUC ¥8a COCI Unfsnn Aaizdfidedaasui

iCOC test TinauAmeadiinuarilleniaussendlylavosndt COCI test

=

5U7 18 A1 urinary iCOC WIBUMEUIENINNGUAIUAN non-stone forming subjects (NSFS) wa

ﬂﬁjmﬁlﬂuﬁaﬂaanz stone-forming subjects (SFS) Wu315e6iu urinary iCOCI Tungu SFS gen3nng

NSFS agnaiidudnagy (P = 0.0003) error bars WaAd mean + SD
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sUfl 19 ROC curve w84 urinary iCOCI lunisduunnga NSFS 88nann SFS

NANTISWAILUNIS magnetic-assisted COCI (mCOCI)

{Wes9InNnTEUIUNITVIN COCI Aaslitunall centrifugation dnsutlunnaznoundn COCI %1
N R R N Y . .
Weau Funpuilviliiunatlunsyinundu tagueassnznay COCI mﬂlmﬂqmzmmawqmw
1ilogALen supernatant 88N ANZEITETRATILUSUIBNSUENAZNOUIN centrifugation 1Uu
magnetic separation 3ty 39911n15E8 magnetic nanoparticles (zeta potential approx. -30) a3
Tundn cocl wielindniintuiiaudfdundngn wavanunsagaueneenlisawdivin nalides
centrifugation 99zt UN5AAIANTDINITULINNANAILIN LATNANITAALUUAUNADANAADIRIBLTY

o’ | a 44'

wilwidn agladlanszanevisenaniilenn supernatant 8en

HANIINAABY WU @1315089 (embedded) magnetic nanoparticles aslun@n COCI 16 wa
autRnsilulimvanaewand vilrldanansalenudn (magnetic nanoparticles-embedded COC
crystals) lasausausimvin Ay auefidedmeaiauide wazasuin mcocl liuagdssandld

Useleaulnass

NANTSWAIUNIS chromogenic COCI (cCOCI)

=< a

ilan1sWau1 mCOCI duwad AneyITeddnAuIsing Nagyilinisnsada COCI ety
uwargnas loifigvainisinautl As Aesnsviwin COCH IAARE uagausainn1sganaunasluyls

visible wavelength ¢l 1118399MnH398IHEN CaOx ANtUsEquIN (AMNUABITEN) Wazau (31NN

<

iam) feliy dNezilanseRniunin CaOx dedivszaluuinvssliifau aug3dedentd Coomassie

'
aaa

Brilliant Blue (CBB, R-250) 6?5@LfluammmLﬂuﬂﬁzﬁ;auqamﬂwyj%’amm 2 vy ('gﬂﬁ 20) wazn3lea
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Uszgauhazlisumunioluudiuupa@auduaengian 350135052930 cCOCI Ademdsiu original

COCI eaziduauansluguil 11

[
v 1

Han1sANwNluaNTAaLaNINIFIURONT AN WUIIIAT COCI ag cCOC! Trnaaannaadiy

Y a 1 A

A (3UN 21) uansd cCOCl uaglduny COCl 1o uaziitoini Ao lanandld vwnlneg Tu

v W

anazneulan liilainszaneliange supernatant son wagiiddgyinnsganauuadlaluglnau

o

visible wavelength 470 nm @935 cCOCI agviuseuifisulumegrtaanzasmald

SOsNa SOz
CH3 CHg\'

HN—@-OCHZCHg

5Ufi 20 Tassa$raves Coomassie Brilliant Blue (CBB, R-250) MW: 825.972

JUN 21 mammeaeaUTeUWigusENINg COCI (A) uag cCOCI (B) luansavaleunnsgiueenyian

FVNAFONAADINUR

Han19An sl luymeassiinliiiaiale
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dionsrapuhalafarasiunudiinunisferdndlulavesynanomielsl uazanunsn
THlunsvenarundsmainilullaamgldviold msfnuids Sn urinary COC Tumynmans
(Wistar rats, n = 12) iilhinaiale densliauihiiflarsediaulnanea (EG supplemented in
drinking water) 18uiian 35 Ju \iufegnetlaany 24 93lus lu metabolic cage Twiuii 0 feunns
W EG waztud 35 ndsnslésu EG

NANTNARBINUIN A1 urinary COCI vasvynndluiud 35 gsndnfud 0 eghadiulddn e
Wisuilauviangy (wy 12 #) wud1 i urinary COCI Aeulésy EG videnaunsvlsmuiiale (Day
0) #n1en urinary COCI aalesu EG wideillaluiougs (Day 35) eghedlduddy g‘dﬁ 22 L@R9AN
urinary COCI Aounazndnduils uansin urinary COC| Uqﬁﬂmﬂuﬁﬂmaam&wmaaﬂ,ﬁ

dlewusuau CaOx crystal deposits iulmaqwﬁlﬂuﬁa (Day 35) LagyANUEURUSAUA
urinary COCI (Day 35) wuandlanuduiusidsuineg1siiduddey A1 Pearson’s correlation
coefficient WAy 0.698 (P=0.0169) wam431 A1 urinary COCI FfisTuduiusAUUSna Caox
crystal deposits ﬁLﬁﬁﬂﬂ@%mgWﬁ@q (gﬂﬁ 23) namsmaaesiLdunstusiin nMInsaate
urinary COCI ansnsaliusvifiumnuidssiensifinindaanzainuaaidoueensuanls Uil 24

LAAIRIBE 1NN YAEUBY CaOx crystal deposits lulavewmyiiiuila (Day 35) Niguiundas

Y

polarized light microscope

v A

JUN 22 ¢ urinary COCI vy W3suiieunaw (Day 0) wagndsnsiluiia (Day 35) nynndaial

Y

'
o w =

urinary COCI getiu wagluiui 35 aeiuegrailleddyileisuiun 0

49



Ty navdl GB-B 60 067 30 11

JUN 23 Auduiusvesdn urinary COCI fuUSuauman CaOx lulnvasynaassiviliiinis wudn

v v 6 a N o

Y
HAudunusITaUINeg el tudAy
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B:

sUTl 24 fegnanmildneainndes polarized light microscope Liteguagiiuduauves CaOx
crystal deposits Iuimmaﬂﬁﬂﬁlﬂuﬁﬁ (Day 35) CaOx crystal deposits giududvinnaeld
n&es polarized lisht microscope (A) waziiloffoudnan CaOx #7833 Yasue staining ausiundnidu

a o

ammaiﬁmﬁawammﬁ (B) Magnification: 10x (upper and lower), 40x (middle)

NAN1SAATIZALAR LUDINNS

=

Weannmsiudsemuemsidieanyiangs siuaudssiensiinlsaillaanie
AMgRITEART COCI test Unasihuninluasitedsomsle uaze1 COCI Nlauazannsnusd
USinaeenynanlueimsnesels asiuemsndaladgs Sadeduduomnsninnudssganiaz
liAndalulaang viedadu ensneda (lithogenic diets) NsAnwideinaladluaisiegi
Anwaliilaziaespunvienuiowmain Weusiliuinensvinlanizdaasunsfniadaaie
wazghelsatiamsnandes nan1InsIvinalagluaToduwazing1e 9 Landlun1sei 6 uag 7
AUEIRY
= = va v ' o N ! < I a

NMNUANTANY ANEEITBRUEI ownshiialafiaasnn wavinasduemisneds
(lithogenic diets) Futhelsainlaanizasvanides o insesnuussinnlaan nunl wazuily
Trunau TuvagaTowuyinae wu alw Nseiiauas MTIU1IMAY M-150 A1lagisunn diulnni
! Q{' a d' v N Y o1 A ! v a () ! <
AlaggannuazarsvanidesugUlsiadaans laun ue@ewis Tugne dnd wasinluy egralsh
A3 WanN1sANIE wudn Anfleduuds (W Tugiuns uag na19de Tusnsed 7) ssliAladanas L
Al nsfudniidugnuazantonansiindalafninfudnan nisiudaduisiuugihmngUiedesns

SuusgmuindAlateaaase 9

M19197 6 nan15inAlaTluATeRY SesdunuAladgalus

Ay (measured as it is) COCl values: COM eqv. (mg/mL)

- est cola 1.65
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Espresso nunan (1)
Espresso nwan (2)
Moccona instant coffee
Nescafe Espresso n3auf
¥ludaun

Coca cola

sappe Sunny g
vidu

Heritea Bai Hao Oolong tea
Birdy black n3auiu
Schweppes uzUlYAN
sappe Green ‘13’1%!,‘?1&1’)

if sorrento lemonade
Meiji uslan

Ywaliiy
thwalsingm

Oishi Sakura green tea
Ichitan green tea
Puriku white tea

Lipo alw

C-vitt Lemon

Qishi green tea
AEEAINUGR

M-150

ATTTUTILLAT
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1.50
1.45
1.41
1.38
1.30
1.19
1.17
1.17
1.17
1.11
0.94
0.91
0.90
0.83
0.79
0.76
0.63
0.41
0.40
0.34
0.32
0.30
0.19
0.09
0.08

=3
-
o
2
Lo
=
\l
>
2
]
-
an
o)
ho
3
=
2
—3
=
=
)
2N}
]
ho]
=)
-
%
38
=3
2
Zo
-3
%
x®
Zo
)]
2
ho]
c
=3
-
pimd
oM
2
=
o]
=
N}
Zo
o—=
=
=3
2

Rank fn (10 g ualui 10 mL)
LLLUDN

Tugnuna

B, O e
ST
Lo 3)°' g

=)
ee
®
2

Y31

COCl values: COM eqv. (mg/mL)
1.36
1.34
1.27
1.24
1.17
1.15
1.12
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1.11
1.10
1.10
1.09
1.09
1.09
1.08
1.06
1.06
1.06
1.05
1.04
1.03
1.03
1.02
0.98
0.97
0.97
0.97
0.96
0.94
0.92
0.91
0.89
0.88
0.88
0.88
0.87
0.86
0.84
0.84
0.84
0.83
0.83
0.80
0.79
0.76
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NANSE9LASIZY oxalate binding ligands

Synaii GB-B 60 067 30 11

0.76
0.76
0.74
0.72
0.72
0.69
0.68
0.65
0.65
0.61
0.59
0.55
0.55
0.51
0.50
0.50
0.49
0.46
0.44
0.43
0.41
0.38
0.37
0.37
0.33
0.05
0.02

av 1 & A ¥ 1Y [ ¢ ax 1 IS [ Y <
nTrduTlRetedneassiunsduaeiasiaitunnlrsannarsiadivuiaan Tiladu

oxalate binding ligand (Cu,L) auiis1esmilag Hu and Feng Tull 2012 [46] TeaziduaUfizen

wilvesnsdunseiandlugui 25 JagduiinaiUosnuiiguduin aunsadunsien oxalate binding

ligand (Cu,L) lauan

JunausslUfe assdluviuiseniu fluorescent dye (indicator) Hsiafiagldma Eosin Y

%4 Eosin Y indicator HagidnlUduiiu oxalate binding lisand (Cu,L) w&sldiSeauas (fluorescence
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off) Wlewfinanssiegnefiianseananan (oxalate) adlu eanganazluduiu oxalate binding
ligand (Cu,L) Wil Eosin Y indicator ¥il# Eosin Y indicator 1aaeensn wazanunsaliesusa
LsiaulﬁLﬁaQﬂﬂizé’ju (fluorescence on, green) Usinamasiiasazdudadiulnensaiuuiuaeen
guandiiTluansinetng (Uil 26)

MENATIIAOUTIAIN TN TIY TReeneLanliuas 2911 oxalate binding lisand (Cu,L)
ifludeustotu QD nanoparticles d1§uiaunNssu3E QD-based oxalate determination A7l

ManuIsall

gﬂﬁ 25 YAz alidmsudunsisi oxalate binding ligand (Cu,l) [46]

sU# 26 nAnNN13NIRTIVTAUTIIEBNUARAIEY oxalate binding ligand (Cu,l) [46]

NANSEATIZI recombinant OxOx d1%5Un1591 POCT for dual detection of oxalate and
glucose

[

WH®991n commercial recombinant OxOx H51ATLWELIN NISANYINIIY

o

nUszaATIay
WA recombinant OxOx 184 tieUszlemilunsuszgndliludandvdsoly waganuanisveass
wuinanansa express TUsAu OxOx luwaddasiléuda (Uil 27) waztunouselUfie upscale Tld
Utnannndu udh purify itelulddnsuads (fabricate) protein nanoparticles eyt POCT
Aoy
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UM 27 39819 SDS-PAGE Len539d0Un136antaanvadlusin OxOx wudn band NiUszaay 30
kDa tJu OxOx waranuadasgvuinuedlusiunig mass spectrometry Wuin band fanaaduy

TUsAY OxOx 954

ilesandslalloulest OxOx dwmduiiann POCT anwfidedsldioules glucose oxidase
(GOX) BsgnninmiFusinismaassieu titeidu model dwsusiamn POCT w93 oxalate sioly wa
nsnaaealeuiaL POCT dmsunsaate slucose i woulwyd GOx anansathluasiady
protein nanoparticles e wazlu protein particles i Sioulel HRP #2891 GOx/HRP-
containing protein particles 41 blot a3uUu nitrocellulose membrane ey detection strip
Tusumeunisasninnglea 14 strips fedeuld fuaduansazanenglaaamududusneg fu aniy
thlugalu substrate solution ynanssaeensdinglaaeg protein particles fAaziUApudlunudves
chromogenic substrates ﬁQLLaWQTugﬂﬁ 28 nan1sneaewansliliiudn POCT wain1snsivinnglaa
annsaimunTudnEald wazedlfifuduuuudmiuin POCT vasnisnsiaineanananlgseolisl

g1n
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foyey

1.\ 2.TMB 3.TMB

3UN 28 fregunsvin POCT dmiunsiaianglaa lWisuiieusening chromogenic substrate DAB

waz TMB Tuneniinsawazlifingm
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2AU8 a3UNa uazUalauaLuL

[

Wesnlseilutaanzdulymassaguiididgresineuisnu wasduniiduiedy

o

A a

amgesnnialsalaiesess [8] siiavesihiinusniaafietih CaOx fellagiudslifisngma
JaaneiinewaransaUsaduanudsnisinislulaanylds fofu Sendudosdnmatmunis
Tmifusndnsussdiumnudssnaialsaiindrluilaany nsnwdounthivesausdidold
18U IRRIEnsasatlaangll G 1ad (urinary COCI test) dmiulstuarifadonsduih
Tulaane (18] widsiiteide fo AladTWaunTuneuwsniudslisumziundn Caox ethadien way
fldanmnainuuegneauas msdnwitsfusafudsliienus e susdn Caox wn
u warldiailunsnnndnindanas Wu 10 wifl 910 60 WiTl MnTuneFeUAILILE Ve PITTATT
i Tuil (index test) iWSpuTleuUIEITaduihunsgiu CT scan (reference test) Tnnsaaioly
ansseealaanizase (pre-diagnostic urine samples) nan1snAFRUNUIIAIAMNLLNEwaslATly
msitiadelsathiiaanizeglussdutiunans (AUC agsening 0.7-0.9) uazardinmusiugigetaly
nmsifaduanediuaaiden fidn AUC 183 ROC curve winffu 0.7651 (95% CI: 0.7124 - 0.8178)
dmsumsitadeiomnuia waswinfu 0.8839 (95% Cl: 0.8115 - 0.9564) dwsunmsidadiamsin
waaLdey Wefwune cutoff i 460 COM eqv. mg/day 35 urinary COCI ‘ii aglviAn diagnostic
values lgiln sensitivity, specificity, positive predictive value, negative predictive value uag
accuracy \Ju 84%, 81%, 61%, 94% uay 82% ANUAIPU %ﬂﬁadﬂquaﬁﬁ]g‘[,st’fa%ﬂuisqwmmalﬁ
uenNidanu sedualadfigaiuduiusfuausiululaansiigduie uansialadunasued
renal tubular injury Wééhe wasitddadusznis fe Wummé’uﬁ’uﬁ‘swiwﬁﬂﬂ%ﬁgaﬁﬁuﬁumas
Lﬂ%ﬂ@ﬁ]’]ﬂ@@ﬂ%@%ﬁ@ﬁﬂ;ﬁ%

NaNSVARBITRY ICOC! test Tinalifnuinands uaga1 AUC 283 ROC curve sindn 0.7
wansidanuudusiilunsitadelsaitaansy Wuieatu naniseaey mcoc Alvnaliduly
muiiaanisld Savganisiannse @At cCoCl Wiuaraenndesiunaues COCI udiifarninun
fio N1 fe MRANATNTE awelvg) Junnaznouldn nenauldilans¥a1enIaIge supernatant o8N
wazfidfayanisgandunaslédlugaandu visible wavelength 470 nm &$35 cCOCI azvi3ouiiioy
Tusedlaanzaieiold

mMsBudfunaifeiulseansnmuesisladlunisussidunandeanisiini Caox Tuny
naaeaiviliAnds nansmaasswuinlunyiiviliiAads Caox ula (nephrolithic Wistar rats) i1
Tagludlaanizgs wazilowSouifisuszrinsieunasvdadui nui mledludaanzvemyieudy
ﬁaqm'jmé’qLﬁuﬁaaéwqﬁﬁﬂﬁﬁm wasfid Ay nuanuduiusidaninseninatadlulaanisuay
U330 CaOx crystal deposits Tulpwasmynnaes tufte Aladluiiaaniziigatuduiusiuuina
CaOx crystal deposits lulaliiudu namsvaasadunistuduin e urinary COCl @nansausdnse

M5ty Caox Tulala
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' '
~ =

nsAnwRdinsinalagludiegaenmsinuaziasesny iedanguaImsniiuauLEes

sensintale wanisinAnladluesosuwazingna 9 wudl naundalafEanaziiagiiuAuGEes

somaifniatlaans ldun wdesiusznviaat nun thluthunduan usdewas Tugng dnd
waziinluy Seaeaedesfunisfinuduiinenuitomanguifviinaeensiangs uasiuaudes
sonainiiludaany [47, 48] wamsdnundanuin msdudnsilsisialadanas Jehazdumaden
viklumsiuusemuomsiifialadgs Willenanisievdaaiulifnttesas egamanismaaes

Y 1

wianddsrewiiudnlunaudieg o s inedudunanisfinenls waziraulafiagdne

q

\ieBudunavesnsiudndidamladsenisiindalaansludaivaasssoly

SnduniisvesAded fe sauisnsluldmiunsiaiausinuesnenasluilaany sty
fienfa QD nanoparticles 13undain QD-based oxalate test waznuuiiondeioulsy OxOx Litevi
\u POCT wans@inw s Jaquiu Ao a1unsedaunsiei oxalate-binding ligands leiuds wazludiu
93 recombinant OxOx fianunsnlaaunaznseduliuansoonlaluiadud duneusoly Aowannly
Lﬂuﬁmwmaauﬁamyiﬁ ‘17?3 QD-based oxalate test wag POCT for dual detection of oxalate and

glucose in food and clinical specimens

({9 218A18n519158 as.vydy Ygynan)

v

a o

AAINUINATINISID

...... 1..../...89%4704.../......2561...........
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progression in bladder cancer. The 3" CU-NIPS Symposium “Neuroscience meets cancer biology
for a better life” January 6-7, 2017. Faculty of Pharmaceutical Sciences, Chulalongkorn University,
Bangkok, Thailand. (Invited speaker)

Chairman in the oral presentation session. The 3™ Golden Bridge International Urology
Conference. 28 Oct. — 31 Oct. 2016. Kunming, China. (Invited chairperson)

Chanchai Boonla, Maturada Patchsung, Wikrom Wongpaiboonwattana, Chiraphat Kloyphan,

Patcharawalai Whongsiri, Monpichar Srisa-Art, Thasinas Dissayabutra, Julin Opanuraks, Chaowat
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Pimratana, Udomsak Wijitsettakul, Depicha Jindatip, Piyaratana Tosukhowong, Apiwat Mutirangura.
Oxidative stress induces hypomethylation of LINE-1 elements and promotes tumor progression in
bladder cancer cells. The Research Group Meeting on Contamination with antibiotics and
antibiotic resistant bacteria in Thai aquatic systems. Ehime University Joint Usage/Research Center
LaMer, CMES. 25 — 28 Sep., 2016. Matsuyama, Japan (Invited speaker)

Chanchai Boonla, Sombat Bovornpadungkitti, Kriang Tungsanga, Piyaratana Tosukhowong.
Intrarenal inflammation and presence of inflammatory proteins in urine and stone matrix of
urolithiasis patients: Do these evidences give us a clue of how inflammation mediates the
formation of urinary stones? The 13th International Symposium on Urolithiasis (ISU 2016) 19-22
Jul. 2016, Chiba, Japan (Invited speaker)

Chanchai Boonla, Chiraphat Kloypan, Monpicha Srisa-art, Apiwat Mutirangura. Oxidative stress
induces global DNA hypomethylation in bladder cancer. The 2™ Golden Bridge International
Urology Conference. 30 Oct. — 1 Nov. 2015. Kunming, China. (Invited speaker)

Chanchai Boonla, Chiraphat Kloypan, Monpicha Srisa-art, Apiwat Mutirangura. Hypomethylation
of LINE-1 induced by reactive oxygen species is mediated via depletion of S-adenosylmethionine.
Frontier in Cancer Research I: Systems Biology for Cancer Research 7-8 May, 2015. Faculty of
Medicine, Khon Kaen University, Khon Kaen, Thailand. (Invited speaker)

Chanchai Boonla et al. Urolithiasis in Thailand: what we know about mechanism of stone
formation and intrarenal pathological change. The 1% “Golden Bridge” International Urology
Conference, Kunming, Yunnan, China, 4-6 Jul., 2014 (Invited speaker)

Wikrom Wongpaiboonwattana, Piyaratana Tosukhowong, Thasinas Dissayabutra, Apiwat
Mutirangura, Chanchai Boonla. Oxidative Stress Induces Hypomethylation of LINE-1 and
Hypermethylation of the RUNX3 Promoter in Bladder Cancer Cell Line. International Humboldt
Kolleg on Bench to Bedside Translational Research: Potential Benefits of Interdisciplinary
collaboration. 15 - 17 Nov. 2013, Manipal, India. (Invited speaker)

Kiattisak Vanijajiva, Piyaratana Tosukhowong, Thasinas Dissayabutra, Wattanachai

Ungjaroenwathana, Thavorn Supaprom, Kaew Udomsirichakorn, Chanchai Boonla. Oxidative
stress, inflammation and sialic acid content in renal tubular cells exposed to urine from
nephrolithiasis patients before and after 6-months treatment with lime powder regimen.
Proceedings of the 5th International Conference of Asian Communications of Glycobiology and
Glycotechnology. 16-18 Oct. 2013, Khon Kaen, Thailand. (presented by K.V.)

Chanchai Boonla, Piyaratana Tosukhowong, Chanutra Hunapathed, Chagkrapan Predanon, Kriang
Tungsanga. Intrarenal gene expression of monocyte chemoattractant protein-1, interleukin-6 and

transforming growth factor-betal in kidney stone patients. The 11"

International Symposium on
Urolithiasis. 2-5 September 2008. Nice, France.
Chanchai Boonla, Phantip Youngjermchan, Somkiat Pumpaisanchai, and Piyaratana

Tosukhowong. Lithogenic Role of Lipids Isolated from Urine and Kidney Stone Matrix. The 16"
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Annual Meeting of The Japanese Society on Urolithiasis Research “Calcium oxalate bridge

extending to the world”. July 6-8, 2006, Okinawa, Japan. page 40.

Poster presentations

1.

Patcharawalai Whongsiri, Chaowat Pimratana, Udomsak Wijitsettakul, Depicha Jindatip, Anapat
Sanpavat, Wolfeang A. Schulz, Michele J. Hoffmann, Wolfgang Goering, Chanchai Boonla. LINE-1
ORF1 protein is upregulated by reactive oxygen species and associated with bladder urothelial
carcinoma progression. The 2™ EACR Conference Protecting the Code: Epigenetic Impact on
Genome Stability. 27 Oct. — 3 Nov., 2017. Berlin, Germany

Chanchai Boonla, Kiattisak Vanijajiva, Piyaratana Tosukhowong, Thasinas Dissayabutra,
Wattanachai Ungjaroenwathana, Thavorn Supaprom, Kaew Udomsirichakorn. Oxidative stress,
inflammation and sialic acid content in renal tubular cells exposed to urine from nephrolithiasis
patients and healthy individuals. The 13th Intermational Symposium on Urolithiasis (ISU 2016) 19-
22 Jul. 2016, Chiba, Japan

Chanchai Boonla, Chiraphat Kloypan, Monpicha Srisa-art, Apiwat Mutirangura. Oxidative stress
induces LINE-1 hypomethylation through depletion of S-adenosylmethionine. The 40" Congress
of The Federation of European Biochemical Societies (FEBS) congress. 4 — 9 Jul., 2015, Berlin,
Germany.

Kiattisak Vanijajiva, Piyaratana Tosukhowong, Thasinas Dissayabutra, Wattanachai
Ungjaroenwathana, Thavorn Supaprom, Kaew Udomsirichakorn, Chanchai Boonla. Oxidative
stress and inflammatory activation in renal tubular cells exposed to urine from nephrolithiasis
patients. The 4th International Biochemistry and Molecular Biology Conference. April 2-3, 2014,
Bangkok, Thailand.

Kiattisak Vanijajiva, Piyaratana Tosukhowong, Thasinas Dissayabutra, Wattanachai
Ungjaroenwathana, Thavorn Supaprom, Kaew Udomsirichakorn, Chanchai Boonla. Oxidative
stress, inflammation and sialic acid content in renal tubular cells exposed to urine from
nephrolithiasis patients and healthy individuals. The 5th International Conference of Asian
Communications of Glycobiology and Glycotechnology. 16-18 Oct. 2013, Khon Kaen, Thailand.
Vanijajiva K, Tosukhowong P, Dissayabutra T, Ungjaroenwathana W, Supaprom T, Udomsirichakorn
K, Boonla C. Oxidative protein damage and NF-kappa B activation in renal proximal tubular cells
exposed to urine from nephrolithiasis patients and healthy individuals. The 52th Annual Scientific
Meeting 2013, Faculty of Medicine, Chulalongkorn University, 18-21 Jun 2013.

Chanchai Boonla, Uraiwan Waiwijit, Wipawee Kittikowit, Chaowat Pimratana, Preecha
Ruangvejvorachai, Piyaratana Tosukhowong Increased oxidative DNA damage in stone-adjacent
renal tissues of nephrolithiasis patients TUﬂWSUixsqm 13" FAOBMB International Congress of
Biochemistry and Molecular Biology & BITEC U79W7 NFINN seeuil 25 - 29 WEFAINEY 2555.
Chanchai Boonla, Piyaratana Tosukhowong, Chagkrapan Predanon, Andreas Schlosser, Bjorn

Spittau, Kerstin Krieglstein. Inflammatory proteins constitute organic matrix of kidney stones and
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nephrolithiatic urines. Creativity and Innovation in Life Science Research, Enterprise and
Education. 2011 Federation of Asian and Oceanian Biochemists and Molecular Biologists
(FAOBMB) Conference. 5-7 October 2011, Biopolis, Singapore.

Chanchai Boonla, Kerstin Krieglstein, Sombat Bovornpadungkitti, Frank Strutz, Chagkrapan
Predanon, Piyaratana Tosukhowong. Renal fibrosis and evidence for epithelial-mesenchymal
transition in patients with nephrolithiasis. The 35" FEBS Congress : Molecules of Life. 26 Jun - 1
Jul, 2010, Goteborg (Gothenburg), Sweden.

Chanchai Boonla, Kanitta Poonpirome, Chanutra Hunapathed, Sombat Bovornpadungkitti,
Chagkrapan Predanon, Supoj Ratchanon, Kriang Tungsanga, Piyaratana Tosukhowong. Urinary
mucins isolated from nephrolithiasis patients promote the aggregation of calcium oxalate crystals.
the 5™ eULIS Symposium (12" European Symposium on Urolithiasis). 4-7 July, 2007.
Lisbon/Cascais, Portugal. page 34.

Chanchai Boonla, Piyaratana Tosukhowong, Pisit Prapunwattana, Soontorn Supapong, Kriang
Tungsanga, Pranee Mahasakpun. Dietary cadmium exposure and nephrotoxic effects in residents
of cadmium-contaminated areas in Mae Sot District, Tak Province, Thailand. The Sixth Princess
Chulabhorn International Science Congress “The Interface of Chemistry and Biology in the Omic
Era: Environment & Health and Drug Discovery” 25-29 November, 2007. Bangkok, Thailand.
Chanchai Boonla, Phantip Youngjermchan, Somkiat Pumpaisanchai, and Piyaratana
Tosukhowong. Glycolipids and Phospholipids as Major Lipid Constituent in Kidney Stone Matrix
Possess Promoting Activity in Lithogenic Process. The 20" IUBMB International Congress of
Biochemistry and Molecular Biology and 11" FAOBMB Congress “Life: Molecular Integration and
Biological Diversity”, June 18-23, 2006, Kyoto, Japan. page 93.

Presentations in national conferences/meetings

1.

Chanchai Boonla. Hypomethylation of LINE-1 induced by reactive oxygen species is mediated via
depletion of S-adenosylmethionine. Joint Conference in Medical Sciences 2015. JCMS2015: Health
Equity through Innovation and Collaboration. 4-6 June, 2015. Centara Grand and Bangkok

Convention Center, Bangkok Thailand. (Oral presentation in research symposium)

Book Chapters

1.

Chanchai Boonla (May 23rd 2018). Oxidative Stress in Urolithiasis, Reactive Oxygen Species (ROS)
in Living Cells Filip Cristiana, IntechOpen, DOI: 10.5772/intechopen.75366. Available from:
https://www.intechopen.com/books/reactive-oxygen-species-ros-in-living-cells/oxidative-stress-in-
urolithiasis

Yozdnil Wnaloaed, fdgg Useiusiaue, AVFnA WsTEAN, sty Nesdiv, vty yayndn, soda

Aweyns USIUBNNT Medical Biochemistry: Review for Basic Medical Science 31143 363 911 159

TUAUMIYAIN TN INGNSe, NFIVNUMIUAT 2549 (1% Edition), 2552 (2™ Edition)
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o 1%

3. @y uwidn, Doz Tnglvasd, 1nFos dead. “lsafiale: nnalnnadadasedulnanagns
toatu” Tu anvne 1Beuses UsTANENT Nephrology, 2550.

4. Mwudnaininisunmd: gelevialnalsa Tu Yeesnd Inaleed way ¥igde yyndl ussusnis

U 247 1 AAIVITAAT AUTUNNEAIENT THIAINTAULNTINGINY NTUNNUNILAT, 2549,

5. Yowdd Inglonsd, dnsd enduninn, wrnyde uwdn, in3es dad “wansenuresansomsrelimue
a%alugtelsniiale” Tu auwne 1Bewses UTTANGANS Nephrology MUy 1564 wih Uiswifinduouans

e udedy 3109: ngunnumuas, 2547, 9N 824-843.
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