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Abstract

Project Code : MRG4980101
Project Title : Expression of mucin and lithogenic role in kidney stone disease
Investigator : Assistant Professor Dr. Chanchai Boonla

Department of Biochemistry, faculty of Medicine,
Chulalongkorn University
E-mail Address : chanchai.b@chula.ac.th

Project Period : 2 years

Objectives: Mucins are large molecular weight glycoproteins containing numerous O-linked
glycans. At least 19 human mucin (MUC) genes have been identified. Overproduction and
lithogenic function of mucins have been demonstrated in cholecystolithiasis and hepatolithiasis while
in nephrolithiasis (NL) there has not been explored. The present study was aimed to investigate the
intrarenal and urinary expression of MUC1 and MUC2 in patients with NL, and assess their
associations with intrarenal inflammation, oxidative stress and renal dysfunction. In addition, role of
urinary mucins in calcium oxalate (CaOx) crystal aggregation was examined. Methods: Renal
biopsies from near the stone, and blood and 24-h urine specimens were collected from 29 patients
with nephrolithiasis. Control renal tissues were taken from non-cancerous and cancerous portions of
nephrectomy from six patients with renal cancers, and control 24-h urine samples were obtained
from 30 healthy subjects. Creatinine clearance, urinary N-acetyl-B-glucosaminidase activity and
urinary 8-hydroxydeoxyguanosine were determined as markers for glomerular dysfunction, renal
tubular injury and oxidative stress, respectively. Messenger RNA expressions of MUC1, MUC2,
monocyte chemoattractant protein-1 (MCP-1) and interleukin-6 (IL-6) in the renal tissues were
measured by real time RT-PCR. Results: NL patients had significantly higher oxidative stress and
renal tubular injury than the healthy controls. Intrarenal mRNA expressions of MCP-1 and IL-6 in
stone-adjacent renal tissues were significantly lower than in cancerous renal tissues, but not
statistically different from that in non-cancerous renal tissues. Histological examination showed that
all renal sections were inflamed and the number of infiltrated leukocytes corresponded well with the
intrarenal mRNA levels of MCP-1 and IL-6. In NL patients, a greater intrarenal mMRNA expression of
MCP-1 and IL-6 was associated with enhanced renal impairment. MUC1 mRNA was positive in all
stone-adjacent renal sections whereas MUC2-positive renal tissues were accounted for 76% (22/29).
Associations of MUC1 and MUC2 expressions with intrarenal inflammation and oxidative stress
biomarkers in NL patients were not observed. Urinary excretion of MUC2 in NL patients was
significantly higher than that in healthy controls, but MUC1 was not. Level of urinary MUC2
significantly correlated to its mRNA level in renal tissues. Urinary mucins were partially purified from
pooled healthy and NL urines by Sepharose CL-2B gel filtration. MUC1-positive CL-2B fractions
were pooled and named HP1 (for healthy pool, fractions 27-43), NLP1 (for nephrolithiasis pool,
fractions 5-17) and NLP2 (nephrolithiasis pool, fractions 24-40). NLP1 material was presented only

in NL pooled urine. Compared to HP1 and NLP2, NLP1 mucins had larger size, higher amount of



MUC2 but lower in MUC1 and sialic acid contents. The crystal aggregation assay revealed that
NLP1 had an aggregation coefficient significantly higher than HP1 and NLP2. Conclusion: There
was an active intrarenal inflammation in NL patients. The expression of MCP-1 and IL-6, at least in
part, contributed to the progression of kidney stone disease. Urinary MUC2 excretion was elevated
in NL patients, and may be originated from the stone-affected kidneys. NLP1, which was not found
in healthy urine, promoted the aggregation of CaOx crystals. Thus, the presence of large and low-
negative-charge mucins (NLP1) in urine may increase stone-forming potential and accelerate the

growth of stone.

Keywords : Kidney stone, mucins, stone formation, intrarenal inflammation, oxidative stress
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[fugaathaiilaifiala (stone-adjacent renal biopsy) tAea ussilaaniz 24 t2lus NNNGN
Qﬂaﬂsﬂﬁﬂm Lf:aLﬁavlmmuquvl@hmLf‘:al,?]avlmehuﬁlﬂumﬁa (cancerous renal tissue) uaziitaifla
lagnufilalguz159 (non-cancerous renal tissue) vasgthelinuisla ﬁ%’]%%’ﬂﬂéjmuﬂﬂ?\ﬁﬁqmmwﬁ
Wnamnzamaetlaan: 24 $alus draghadiafiafiuine1sle RNAater reagent (Ambion, USA)

Wailasnunisvinany RNA lwiaiiia

13197 1 Basic characteristics of subjects

Subject groups
Characteristics
Healthy Nephrolithiasis Renal cancers
n 30 29 6
Gender (M:F) 11:19 9:20 2:4
Age (years) (mean £ SD) 41.43 £ 10.34 50.86 + 11.20 64.50 + 18.26
BMI (kg/mz) (mean * SD) 22.56 * 3.16 23.08 £ 2.54 21.28 £ 4.92

BMI: body mass index

ma:m‘%mmnaan%m%’u (oxidative stress) u,a:miv‘hmﬂma'si‘qviavlm (renal tubular damage)
WaTNISVUDBNVDIBANTLAA (urinary oxalate excretion) g1l alsaiiala

TR 3 uamsmadSouifsunnazeioaanaandindu wazmavhanpisaayviala szwinonga
ﬂuﬂnaﬁﬁqmmwﬁLLa:ﬂsjuguTﬂmIiﬂﬁa"l@l wungﬂmkﬂﬁﬂmﬁs:ﬁu urinary 8-OHdG uas NAG activity

o o a '

ganhaulnfadwfiividy usaviiihelaialadnnzeisenneandiatuuazmammsaadyriala

e A
gwumﬁ:@uﬂnm
szﬁumﬁuaaﬂmaaaaﬂﬁmLamxmwﬂgimuﬂnaﬁﬁqmmwﬁLLa:mjaJ;Eﬂmiiﬂﬁ's"l@l"lmmmmﬁ'u

'
A '

P % a A a ° . ' ada A e o w P
‘llmz‘ﬂﬂ'lﬁ‘llﬂﬂﬂﬂmﬂﬂsﬁLﬂi@ﬂ%ﬂqm%JJ']J'JUI?@%'JVL@]@]']ﬂ'l'lﬂ@uﬂ%ﬂﬂ@]"ﬂ&lﬁ“ﬂﬂ'lW@aﬂqﬁwuﬂﬁqﬂfy] (139N 4)

]
A

waaslitiuiiadodsmanumueinimdgludiielsaiadlalne fo ane@mseludamizdn
(Hypocitraturia) wasMsANENAauniYeIn 3T UNLIN T UaIFSaTN (mes’f%w) luilgazvas
fiholsnialauazaudndlaiuandnsiuagnaiiidindy  voeddiheludsmauauaz fuandnazwun:
Lmaﬁmﬂ,uﬂama:ga (Hypercalciuria) LLa:m'azaanmmmiuﬂama:g@ (Hyperoxaluria) 1iuiladoides

wan dayamaniitsrinalnnafiaialaswivgihelnenugihoasiuaniazdanuuandroiu



13197 2 Clinical characteristics of six renal cancer patients recruited in the study

Code Age : Sex Diagnosis and pathology Stage Operation Co-morbidity

NKT-04 56 : F Renal cyst (Lower pole Rt. kidney) 2 Right nephrectomy

NKT-05 97 : F Transitional cell carcinoma at lower pole Rt. 2 Cystoscope and Hypertension,
kidney. Low-grade papillary urothelial Bilateral RP and Hyponatremia
carcinoma of renal pelvis. Presence of tumo Laparoscopic
invading renal parenchyma. Free ureteric an nephrectomy
vascular resected margins, chronic
pyelonephritis

NKT-06 64 : M High grade urothelial cell carcinoma with 5 Lt nephroureterector Secondary maligna
squamous differentiation. Invade peripheric ¢ LN dissection neoplasm of other
tissue & renal parenchyma. Malignant and unspecified
neoplasma of kidney bone metastasis respiratory

NKT-07 72:M Malignant neoplasm of kidney except renal 2 Transfusion of packe Secondary maligna
pelvis, unclassified renal cell carcinoma vers computerized axial neoplasm of lung /
collecting duct type renal cell carcinoma tomography of head brain and cerebral
sarcormatoid change renal capsule. Renal ¢ meningitis
carcinoma with multiple metastasis

NKT-08 50:F Mucinous adenocarcinoma at Renal 2 Left nephrectomy
Pelvis

NKT-09 48 : F Renal cell carcinoma, except renal pelvis Rt 3 Right radical Hypo-osmolality,
RCC, malignant neoplasm of kidney except Nephroureterectomy Hyponatremia

renal pelvis, free margin, ureter invasion

M: male, F: female

M13197 3 Urine biochemistry, renal tubular damage and oxidative stress compared between

nephrolithiasis patients and healthy controls.

Disease status

Urinary variables P value
Healthy Nephrolithiasis

24-hr urine volume (ml) 1780 (1000) 1900 (1250) 0.500
Creatinine (g/day) 0.99 (0.52) 0.93 (0.40) 0.404
Oxalate (mg/day) 21.19 (44.54) 24 .47 (16.51) 0.413
Citrate (mg/day) 267.75 (372.31) 104.53 (460.88) 0.004*
NAG activity (U/g Cr) 3.02 (2.28) 5.32 (8.35) <0.001*
8-OHdG (llg/g Cr) 4.32 (4.93) 23.53 (24.51) <0.001*

Data are presented as median (interquartile range).

*

test;

deoxyguanosine

P values were obtained from Mann-Whitney

indicates statistical significance. NAG: N-acetyl-B-glucosaminidase, 8-OHdG: 8-hydroxy-2’-



mM3iaszen mRNA ludnatheitaiiela

fhathadiafialatianatia total RNA §m30U3a512WU500m mRNA 283 MUCT, MUC2, IL-6
uae MCP-1 lagit two-step real time RT-PCR 1 B2M Il internal control (reference gene) uagld
SYBRE Green Liu&13 fluorescence ﬁ’m%’uﬁmm’mmilﬁN%wuadﬂ%mmaLﬁul,a mi’mﬁ 4 LUEA

specific primers ﬁl“ﬁ'é’m%%’uﬁ’] real time PCR (Roche Diagnostics, Germany)

a o ¥ A N i L —AAct
s mRNA - Tudrathadflabeladuwiniuuy  relative  quantification 3ngas 2

(normalized ration of gene expression) @1 Ct niafldlumsinuiide Cp (crossing point) ANWITHAN

LC4 LightCycler software 4.05 @1 ACp waz AACp fwimwlaannauns

ACpsample = Cpsample - Cpreference
AACpsample = ACpsample - ACpcalibrator

—AA
Relative gene expression (normalized ratio) = 2 @

Calibrator 17§ w3udsuuna3gmlums run real time PCR luudazass nms@nwitld non-

< A 1 1 Qs '
cancerous renal tissue (NKT-07) 11 calibrator @461 normalized ratio V84 calibrator 91vinnu 1 @1

Cp uaz ACp Nidusasiiidiunm mRNA wialinsugadaenvasiugs

A13191 4 Specific primers used for real-time PCR

Target mMRNA  Primer sequences Annealing Product Accession No.

Temp. (°C)  size (bp)

B2M F: 5’-aggctatccagcgtactcca-3’ 55 112 NM_004048
R: 5'-tcaatgtcggatggatgaaa-3’

IL-6 F: 5’-ttctccacaagcgccttc-3’ 55 69 NM_000600
R: 5’-gaaggcagcaggcaacac-3’

MCP-1 F: 5’-tcagccagatgcaatcaatg-3’ 55 120 S71513
R: 5’-gcttctttgggacacttgct-3’

MUCA1 F: 5’-agacgtcagcgtgagtgatg-3’ 57 172 J05581
R: 5’-cagctgcccgtagttctttc-3’

MUC2 F: 5'-ggtaaaacgaccccacacaa-3’ 55 70 NM_002457

R: 5’-caaacaggctgtccttgatg-3’

B2M: B-Z microglobulin, IL-6: interleukin-6, MCP-1: monocyte chemoattractant protein-1

m’;:n’né’nmn‘lun{aLﬁalmmaaﬁﬂfmfsnﬁ:ﬂm
wamﬁmﬂ:ﬁm's:msé'ﬂmulmftaL?ia‘lmmaagﬂaﬂISQﬁ'JVLm lagld3eay IL-6 WAz MCP-1
mRNAs Lﬂuﬁ”lﬂd% (markers) W11 stone-adjacent renal tissues F92aUV09 MCP-1 LAz IL-6 mRNA
#1n9" cancerous renal tissues agINNpEATY (Eﬂ'ﬁ 1) 32@U IL-6 mRNA 1w cancerous renal tissues
(CA) gaﬂ'jqﬁ”’a non-cancerous (nCA) Wa¢ stone-adjacent renal tissues (RS) agnaidiadan adnglsh
AUNIUEAIanTad MCP-1 mRNA 1w cancerous W&z non-cancerous renal tissues LiLANA1SNY
W§a931 non-cancerous renal tissues AlFlunisdnmnitonaazlils normal renal tissues 939 019

a o N o o ' . =
‘Wiﬂﬁﬁﬂ’]W‘HENﬂ”Ii?JﬂLﬁ‘]_JLL@I@%I%?Z@]U@HTI’J’] cancerous renal tissues d1N FINNNLNUINTANEN



mIugadaanaad MCP-1 lulsalawfiadu 1Bu membranous nephropathy L8z reflux nephropathy
wui lifimIuaasaanyed MCP-1 lu control normal renal tissues AiE3aiwauuldlumsinm

A A e, & A a o a & a a ' A & o A & o aa .

angatinflabalafimdniauifetuiiwielil anzidulsdantuiitadsiT Hematoxylin
and Eosin staining (H&E) Lwa@ﬁimmwﬁammmmLLﬂiﬂLmﬂvlﬂluLuaLﬂa"Lm (leukocyte |nf|Itrat|on)
wui Sinoudaidaeanluiiofaduiusiuszaures MCP-1 uas IL-6 mRNAs uazlitoifadiud
1ailguz159 %38 non-cancerous renal tissues ﬁLﬁmﬁaw’unLLmﬂag’ﬂ%mmmmmmiwﬁﬁmanLﬁmm
939 (U7 2) warsTAUMIANLEUVBY non-cancerous (nCA) LAz stone-adjacent renal tissues (RS)
WiBUWina® wadnilu cancerous renal tissues (CA) aendwinlada

o & =2 kg ' o @ A ' o o A a o A A A

asnunsaniaslinsaniaululavasdiheliaitlesglududnlafisunuiiebelan
duwnss lawlavesdiholietalafiszdunsdniauiisuihnudiedeladuneglndidssiuiiaiiie
Tanduuzise

MCP-1 IL-6
40 ,— P =037 ‘\ |
' ?I) *;c '
a
30 —— <I?
o
. . ‘
20

(arbitrary unit)

101 i ]

1 2 .
L = = L
RS nCA CA RS nCA CA

;sﬂﬁ 1 Box-Whisker plot of normalized ratios of MCP-1 and IL-6 mRNA expressions compared between

Normalized ratio of gene expression

the three sources of renal tissues, stone-adjacent renal tissues (RS), non-cancerous renal tissues (nCA)
and cancerous renal tissues (CA). Boxes depict 10th, 25th, 50th, 75th and 90th percentiles. Intrarenal
mRNA expression of MCP-1 in cancerous renal tissues was significantly higher than only in stone-
adjacent renal tissues whereas intrarenal mRNA expression of IL-6 in cancerous renal tissues was
significantly higher than both in stone-adjacent and non-cancerous renal tissues. P values were

obtained from Sidak multiple-comparison test.



3‘1]“7; 2 H&E stained renal sections from patients with nephrolithiasis or renal cancer. A, MLs (arrow)
were rare in stone-adjacent renal sections with low mRNA expressions of MCP-1 (NR 0.13) and IL-6
(NR 0.05). B, a stone-adjacent renal section with moderate mRNA expression of MCP-1 (NR 0.52)
and IL-6 (NR 0.38) shows mild infiltration of MLs (arrow). C, there was marked infiltration of MLs
(arrow) in stone-adjacent renal sections with high mRNA expression of MCP-1 (NR 1.65) and IL-6
(NR 24.49). D, there was also an aggregate of lymphoid cells (arrow) in non-cancerous renal
sections with high mRNA expressions of MCP-1 (NR 1.78) and IL-6 (NR 2.07). Original

magnification x200.

Iung"ug}”ﬂ'syIiﬂﬁd"lmwus:ﬁunﬂsLLa@oaaﬂﬂuaa MCP-1 ganin IL-6 adnafindnAny 019097
MCP-1 ﬁuwmniuns:mumsé’nLausluvl,mmg?ﬂaUISﬂﬁavlmmnﬂdﬁ IL-6 atnslsAanuIzaLLas MCP-1
mRNA §audunufiZauIndaszdy IL-6 mRNA (Spearman’s rho 0.763, P < 0.001) amkAdnaydinans
FnaumIsniuTssasstiunumaaylumaia intrarenal inflammation lugiholsaiiala

wamﬁL@m:ﬁmwuﬁuﬁuﬁi:mns:ﬁumsé’ﬂLauiuvlmmaagh]”ﬂaﬂsﬂﬁﬂmﬁuﬂsz%ﬂ%mwmi
Mausedla woin LﬁaLLﬂaﬂsngﬂmEﬂﬁﬂmamﬂu 2 ngu fa 1) ﬂq'w?iﬁﬂs:ﬁﬂ%mwmiﬁ'mummvl@l
@ (preserved kidney function; #1 corrected creatinine clearance (CCr) > 50 mI/min/1.73m2) Wae 2) ﬂtj&l‘?i
fussansawmainavweslaFenas (compromised kidney function; @1 corrected CCr < 50
ml/min/1.73m’) nr:j:u;jﬂaﬂIﬁﬂﬁﬂ@]ﬁﬁﬂszﬁﬂ%mwmiﬁwmmaﬂwﬁaumﬁsxé’waa MCP-1 uaz IL-6
mRNA luvlmgaﬂ'hnq:wjﬂaﬂIﬁﬂﬁd"lmﬁﬁﬂsz?m%mwmiﬁ'mwuaa"lmﬁ agnaiisiudan (Eﬂﬁ 3) ﬁagaﬁ
LT imIugasaanues MCP-1 uaz IL-6 ﬁgﬁu‘lu"lmmaagﬂaﬂIiﬂﬁavlﬂﬁdaudoLa%uiﬁLﬁﬂ glomerular

. £
dysfunction AN

10



MCP-1 IL-6

.5 P=0.023" P=0.041*

2 20} 1 B
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< . 15} 207
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s § 10f

= 10}
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3 0.5 i

E o} of ==

o

= Eé' .\53‘5 E’fb .\sg‘ér
& RN

R o R o

Kidney function

;sﬂﬁ 3 A comparison of intrarenal mMRNA expression of MCP-1 and IL-6 in patients with compromised or
preserved kidney function. Intrarenal mRNA levels of MCP-1 and IL-6 in patients with compromised
kidney function (corrected CCr <50 mL/min/1.73 m2) were significantly greater than in those with

preserved kidney function. Boxes show the 10th, 25th, 50th, 75th and 90th percentiles.

HamIaTERANIFIRUE R EauM Y hewsdyvie lalugiholsefialanuanizns
anaulula wuin mjwﬂ"ﬂaﬂﬁﬁs:ﬁumiﬁwmmmﬁqﬁa%g& (urinary NAG activity > 5.32 U/g Cr) 3@y
NILEAIBANYEY MCP-1 ez IL-6 1u"l@1@aniwna"u%ﬂaUﬁﬁi:é’umiﬁwmﬂLﬁnaﬁqﬁa"lm@h (urinary NAG
activity < 5.32 U/g Cr) atafiviadary U 4) wansdnsituaadlfiiui szaumsaniaululavasdihe

a - A v a o & X
Laihlafigiudonaldiianmsmmoimasyria laaniu
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MCP-1 IL-6

g P = 0.005* P=0.012*
‘@ 201 251 :
O

§ ' 20

= I

% - 1.5}

x 5 ' 15}

E >

5 107

25 10F

T

g 05 |

= '

g 0t 0 ==

< Low High Low High

Renal tubular damage

;sﬂﬁ 4 A comparison of intrarenal mRNA expression of MCP-1 and IL-6 between patients with low and
high renal tubular injury. Intrarenal mRNA levels of MCP-1 and IL-6 in patients with high renal tubular
injury (urinary NAG activity >5.32 U/g creatinine) were significantly higher than in those with low renal

tubular injury. Boxes show the 10th, 25th, 50th, 75th and 90th percentiles.

WollenzRaNuFNRUT TR ILaadaanuad MCP-1 uaz IL-6 Iuwlanunnzieduaanaand
LT linwuanuuandadviidoidyszningudiholsaialandnneiuaaneandiazugs
(urinary 8-OHdG > 23.53 [lg/g Cr) uaziithliaiilafiinzieTuaanaanfiaguen (urinary 8-OHdG <
23.53 g/g Cr) (3U1 5, A)
= o o A ' o A & A . '
wwdsnunuiileuisngugiholsafialamummmoideiaarnludsaiz  (pyuria) wudms
usaIBanvad MCP-1 uaz IL-6 lulaszwingugihefinudeadeanludasiz (positive pyuria) uaz

ngufliny (negative pyuria) hifianuuandrinuadnsfivudaty (U4 5, B)
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MCP-1 IL-6
5 P=0.983 P=0.190
ﬁ 2.0F 25} !
S
E @ 20 »
< = 15 B
= =
o = o
£ > 15F
5 @ 1.0F .
25 o 10f
C @ 8
E 0.5F % E sl . .
@ i 8 o °
& ! g §
g 0 1 0
Llow High Low High
Oxidative stress status
B
g MCP-1 IL-6
'% P=0.380 P=0.574
§ 2.0F 25} !
Lo
< o R
=2 5l 20
e =
£ >
5 C ’ 151
g E 1.0F ° o
T © ° 10
T ; -
N 0.5F 8 . o
T ° : Sp e :
E : &J -] -]
ZO 0 L L 0 & &
Negative Positive Negative Positive
Pyuria

3‘1]17; 5 A comparison of intrarenal mRNA levels of MCP-1 and IL-6 by the severity of oxidative
stress and pyuria. The mRNA expressions of MCP-1 and IL-6 were not significantly different
between patients with high oxidative stress (urinary 8-OHdG >23.53 |lg/g creatinine) and those with

low oxidative stress (<23.53 |lg/g) (A), or between patients with pyuria and those without (B).
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sxAUMsUAAIBBNYEI MUCT uaz MUC2 mRNAs Tudnathaiteiiiala

NMIURAI8NIRTUTRA MUCT uae MUC2 1W38uifinuszning stone-adjacent renal tissues,
cancerous renal tissues WA non-cancerous renal tissues WU TiTanuuanarsiuadneiinsag (Eﬂ‘ﬁ
6) atdlsAiaunuum ldunsuaaseanaas MUC2 qd‘ﬁﬂu stone-adjacent renal tissues W8 cancerous
renal tissues mmzﬁﬂ’]ﬂmmaaﬂﬂlm MUC1 Huwlduaaadln stone-adjacent renal tissues LLag
cancerous renal tissues Lfial,ﬁuuﬁ"i_l non-cancerous renal tissues

\WowSouiiouszdl mRNA 283 MUCT sz MUC2 ‘l,uLf:aL?iavlmaagﬂmkﬂﬁavLm (stone-
adjacent renal tissues) WU e ACp w89 MUCT daninen ACp wes MUC2 atURp AN TY (Eﬂﬁ 7)
u,am'jﬂuvl@maogﬂwkﬂﬁﬂ@ fimIuaasaanvas MUCT geni1 MUC2

WUMIUEAdEaNTas  MUC1 luLf‘:aLf]avlmmaorgﬂaﬂ‘[sﬂﬁﬂmnﬂﬁaaﬂﬂaﬁlﬂumsﬁﬂmluﬂ%ﬁ
Twmsfinunsusasasnvas MUC2 luilaifialaiusonas 76% (22/29) Qﬂamkaﬁﬂmﬁ‘lﬂumiﬁﬂm

mydnsnnesseneandiatulwitodiele  14691sE  (biomarker) AaszeuUNAANaUDI
Ujf3uneanGiatuvasfiduta 8-hydroxy-2-deoxyguanosine (8-OHAG) NAMIANHIWLIT f1 median V89
sz 8-0HAG lwilaifialavesnguiislsaiialawiniy 48.6 pg/llg DNA (min-max; 26.92-349.27 pg/jig
DNA) dulunguaiuguiiholiauziila wue1 median 2893:0U 8-OHAG Twitedolasuililsuse
WinNy 61.06 pg/llg DNA  (min-max; 37.1-92.58 pg/Llg DNA) WALAN median VBITEAU 8-OHAG lu
dlafelasudiluuzSorinty 47.5 pg/llg DNA (min-max; 40.6-62.5 pg/Llg DNA) \lanasauana
UANGNINIFAALAY  Kruskal-Wallis test WUINTz@LVBS 8-OHAG luLf:aL?ia‘lwmaanajijﬂ'sﬂISﬂﬁqVLm
L'f':aLﬁa‘l@]mw?'ileisl%u:L%WﬂdﬂzjumuqugﬂaUImmL‘%ﬂm LLa:Lf:aLﬁavlmdmﬁlﬂumﬁwaomﬁumuqu
dtholinuniela liuandrsnuagalnoidyneadid (P = 0.599) HAMIANENIL9E 526U oxidative
DNA damage ’Lu"l@mao;ﬂ?ﬂmimﬁﬂmguﬁmmmﬁﬂugﬂmkﬂmﬁﬂm ool unanianmIsniay
LLUUL‘%Tai"asLu"lmaa;jﬂmﬁa

msdneitinuanuuiusoeitoidyszwitinusaseanzas MUCT uaz MUC2 fumas
snsuLaznzedsaanaandesuluiiofola sanadlunauianniuindiatnsioy (small sample
size) a9 bnMUNLLIIIINAMNFNAUTIEAIINNTUEAdaNTEd  MUCT luLf:aL?javlmﬁgoﬁuﬁu
Usgansnmmsvhanuuaslefianss
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MUC1 MUC2

P =0.320 30 P=0416
12 '
o "1
o
8 1
T T
6 15
— l
]
4 1
-1 10
RS nCA CA RS nCA CA

33]17; 6 Box-Whisker plot of ACp of MUC1 and MUC2 compared between the three sources of renal
tissues, stone-adjacent renal tissues (RS), non-cancerous renal tissues (nCA) and cancerous renal
tissues (CA). Boxes depict 10th, 25th, 50th, 75th and 90th percentiles. The ACp values of MUC1 and
MUC2 compared among RS, nCA and CA were not statistically different. A trend of increase in MUC2
and decrease in MUC1 expressions in RS and CA compared to nCA were observed. A lower ACp
indicates a higher mRNA expression. P values were obtained from Kruskal-Wallis test.

— P <0.001*
30 L

® T

20
) 1

O
<

15

)
10 .
5 %

MUC1 MUC2
33]17; 7 Box-Whisker plot of ACp of MUC1 and MUC2 in stone-adjacent renal tissues. The AACp value
of MUC1 was significantly lower than MUC2. This indicated that expression of MUC1 in the kidney of
nephrolithiasis patients was higher than that of MUC2. A lower ACp indicates a higher mRNA
expression. P value was obtained from Mann-Whitney test. Boxes depict 10th, 25th, 50th, 75th and
90th percentiles.
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AsTuaanvas MUCT uaz Muc2 Tuilaaie

FAUNITUBaNYAY MUCH luﬂama:i:%iméug}”ﬂayimﬁﬂ@] (n=29) UzNENAILANAL
Uné (n=19) lauandranugneiinusag (P = 0.738) (Eﬂ'ﬁ 8) vusfinstuaanuas MUC2 ludasiz
maan@;mEHT'}J'Jﬂmﬁavl,mgaﬂ'j'méjumuqmuﬁﬂaamaﬁﬁﬁﬁ’]ﬁry (P = 0.003) (g‘ﬂﬁ' 9)

Wohersianusunuiszniiessauuas MUCT uaz MUC2 1%ﬂamaz°uaamjm§ﬂmkaﬁ’a
e lae Spearman’s rank correlation test WU132AUMITUBENTEI MUCT waz MUC2 Tuilaanizuad
ng;w‘;jTﬂamIiﬂﬁﬂmﬁmmﬁuﬁuﬁﬁuamaﬁﬁfﬂﬁﬂé'q; (Spearman’s rho = 0.871, P < 0.001) (3‘1J°7i 10)

NAMTILATEAANURURUT Tz 952U TUEAsaanTad MUCT uaz MUC2 mRNA lulany
32AUNIIVBBNY8d MUCT wae MUC2 ludlaaniz wuindn ACp 189 MUC2 mRNA SNNUELTIaUNL

YSuamstueanues MUC2 lutlaanie @un 1) 19 ldsan Muc2 Awulutdasniziiezil

waImaNINETaa b 889 lsAmy linuaNNENAUEIzRI9Ee ACp 289 MUC1 mRNA nu
Usinmmsiueanas MUCT Tuilasnaz Soihaztisdan Muct ludlasnsdundsinfiannainunasan
luszuumaduilaan: 8n 1w naziwnztlaan: uazvamadudaann: udu
mafnenitlinuamnuuiusednafive i szninsSinmmtusentas MUCT waz MUC2
Iugﬂamiiﬂﬁavl@]ﬁ'ué’aﬂa%ma:m‘%mmﬂaan%m%’u (urinary 8-OHdG) uazmsvhansisasyviala
(urinary NAG activity) (31971 5) uazldwuamnugunuisznine MUCt uaz MUC2 Tuilsanizwas
;‘;JTﬂaUisﬂﬁa"lmﬁ'mzé'umiu,amaaﬂmaa MCP-1 uaz IL-6 mRNAs lwilafe’la

.214*
5
12
2>
== 10
20
2o
=
S & Q
03
o
S 3 6 Q
> =
g2 9
E8 4
5 a
2 o
Q
0 Q

Healthy Nephrolithiasis

U 8 WhsuifisulSananstusanves MUCT ludlaszizningudiholsaiiala (nephrolithiasis
(NL) group) uaznguaiuauauln@ (healthy (H) group) WU ITUeanuad MUCT ludlaanizszning

o o a

NL group uaz H group liuandrsnuadedngdan (Mann-Whitney test, P = 0.738)
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Healthy Nephrolithiasis

3un 9 wWisufisulSinamstusanves MUC2 luilas1izszning nephrolithiasis (NL) group waz
healthy (H) group wuinmisiuaanaas MUC2 luilagnazszning NL group §Ind1 H group CHRREY
Wp&1ATY (Mann-Whitney test, P = 0.003)

14

2 Spearman's rho = 0.871 o
5 P < 0.001*
2>
D= 10
c O
o
£ =
c
8 S
o>
> ®©
> =
g2
c @©
=<2
)

0 2 4 6 8 10 - T
Urinary MUC1 intensity (arbitrary unit/g Cr) Millons

3171 10 Scatter plot LEAIAINFNNUTILWININIITUBENTEI MUCT Uz MUC2 sluﬂamawaagﬂw
Tsniiala (Spearman’s rho = 0.871, P < 0.001)
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Spearman's rho =-0.395

30 P =0.034*
AN
O
)
=
[V
o
o
O
<
5 -
0 T T T T T T 1
0 2 4 6 8 10 12 14
Millions

Urinary MUC2 intensity (arbitrary unit/g Cr)

311 11 Scatter plot LaAIAMUFNNUTITAINITTAUMIUGAIBaNT8I MUC2 lulanuszaunisduaanves

Muc2 luilaaniz wuinen ACp 289 MUC2 sunusi3saunulSunsnstueanaad MUC2 Tutlasnis n

Acp duaasindyFuna mRNA g4

13197 5 Assessment of associations between urinary excretion of MUC1 and MUC2 and oxidative

stress and renal tubular damage in nephrolithiasis patients using Spearman’s rank correlation test

Spearman’s rho (P > 0.05)

Urinary biomarkers

Urinary MUC1 Urinary MUC2
8-OHdG (LLg/g Cr) -0.092 0.093
NAG activity (U/g Cr) -0.107 -0.032

nsugnanNaNIBUINNAadvTaEIE

mM3AnEitlEH% CL-2B column gel chromatography lumsusnanadafuannalacnstlaanis
39U (pooled urine) maomjumuqmuﬂﬂﬁ (HP) LLawaamjm‘?ﬂwkﬂﬁﬂm (NLP) lusugiaz fraction ¥in
myiavSanmlysdu (las 0D280 nm) szaulnalalusdn (las PAS staining) uazszau MUC1 (lag
slot blot immunodection) Eﬂﬁ 12 u,azg'ﬂﬁ' 13 U&@J chromatogram 2840081908812 HP uae
NLP @na&eL

Lfial,ﬂ’%fﬂmﬁUUEHLLuwaq"lﬂaIﬂIﬂiau (PAS staining pattern) finuluilasizsin HP uaz
NLP wuin lu HP § peak w89 PAS intensity (o9 peak 1887 (peak A) mszfilu NLP & peak 289
PAS intensity a:i19%iag 3 peaks (peaks B, C, D) (gﬂﬁ 14) LLamiwﬂama:meﬂamkaﬁﬂmﬁms"ﬁu
aanvas lnalaldsdwrasafiaunnnitdasizuasanln

NANNTATIAEAL MUC1 luldiaz fraction Wuin MUCT lu@aating NLP anTe (elute) 8aNAN
970 CL-2B column 157031 MUCT ludating HP (Eﬂ‘?‘i 15) L&A1 MUC1 1uﬂaawa:°naagﬂaui‘5ﬂﬁ';
laflwwalnanit Muct lutlaszuasaulnd
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WONINIANY MUCT peak ﬁag}ism'm fractions 5-17 luaradatasizsin NLP ue baiwulu
dnadetfaanizsin HP ﬁa;&afmﬁﬁu'jﬂuﬂamu:mmQﬂ'sakﬂﬁ's‘l@lma:ﬁ MUC1 isoforms a1nnin
1 isoforms uazdawialnainit MUCT fiwvluilasizauun@ uasfiddty MUCH isoform ﬁa%is:wm
fractions 5-17 lainuluilaaizvasaulnd

9MNHAvas MUCT blotting 333 (pool) fractions @3 MUCH intensity ldanseaagnslwaisadt

ArageagzTINYaIaulnG (HP)
- Healthy pool 1 (HP1) 324 fractions 27 — 43 (3‘1J“7i 12)
ﬁaamaﬂamaxsmmaa;Eﬂmiiﬂﬁavl@l (NLP)
- Nephrolithiasis pool 1 (NLP1) 324 fractions 5 — 17 (E‘].l“?i 13)
- Nephrolithiasis pool 2 (NLP2) 374 fractions 24 — 40 (3‘1.]“71' 13)

1 pooled CL-2B fractions Alé (NLP1, NLP2 uaz HP1) luvin dialysis Twiihnas wdavinlw
dindudulagmyszwmoiinesn (Savant Speed Vac)

NnwidaEng urinary mucin pool ﬁiﬁﬁﬂﬂmaaumﬂm:néwmNﬁﬂﬁnmm%ﬂmanm

LA® (calcium oxalate, CaOx) luraaanaass (in vitro CaOx crystal aggregation assay)

250 4 - 3.00
HP1 (F27-43) —DO—PAS intensity- H
- —e—MUC1 intensity- H
——0D280- H 1oso
200 4
E + 2.00
S
> 150 |
8 o
g S
g t1s0 X
> =]
2 3
o 100 A
c
9]
E + 1.00
50 A
+ 0.50
0 W - 0.00

13 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 77 79
Fractions

3UN 12 muenanaiidwanimedeilaaniziusainduaiuauauldnd (HP) luudas fraction 1@
YSanmlyséiu (las 0D280 nm) szaulnalaluséu (las PAS staining) uazszau MUC1 (lae slot blot

immunodection)
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250 4 - 3.00

= PAS j ity- NL
NLP1 (F5-17) NLP1 (F24-40) S intensity
—e— MUC1 intensity- NL
——0D280- NL
t 250
200 -
< + 2.00
)
> 150 -
: 2
& N
Qo
3 L150 &8
= ]
2 3
‘» 100 A
c
2
= + 1.00
50 |
t 0.50
o + 0.00

Fractions

3un 13 msu,ﬂﬂaﬁ@ﬁ's%uﬁnﬂé’aaﬂ'wﬁama:ﬁwaamjm&"ﬂm‘[mﬁﬂ@ (NLP) luudaz fraction 3

Ysunaldsdu (las 0D280 nm) szaulnalaluséu (I PAS staining) uazszau MUC1 (lae slot blot

immunodection)
225 - - 225
B —&— PAS intensity- NL
200 - — e - PAS intensity- H 1 200
A
175 ® + 175
— [
= !
'S ? o
S e | ./ & + 150
ey )
IS . .
= | \
= .
9 125 | 1 + 125
& I %
e i [
= 100 h | + 100
c .
[}
2
c
= 75 - +75
0
<
a
50 + 50
25 +25
0 e 0
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79

Fractions
3UN 14 Wisuifisy PAS staining patterns sewingenagaaenuveaInduniuguawlng (HP)
Aungugihelafiala (NLP) lu HP wu'lnalalus@uiinanguifion (Peak A) nuzfilu NLP wu'lnala

lihs@uatinatias 3 nga (Peak B, Peak C waz Peak D)
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250 4 T 250

—=&— MUC1 intensity- NL
— - MUCL1 intensity- H

200 -+ 200

150 4

—+ 150

100 4 -+ 100

MUC1 intensity (arbitrary unit)

50 4

0 5 10 15 20 25 30 35 40 45 50
Fractions

30 15 Wpuiiey MUCT patterns sewinddiagsaanenuveinguaiuguaning (HP) Aungy
diholsaiiala (NLP) MUCT Tudhatnadlaanizsau NLP gnoz (elute) aananain CL-2B column 157
nilu HP waz MUCT peak flagjszwing fractions 5-17 wuiawizlu NLP

mshanziunumlumsiefiavesiduanilasiey

#1@78819 urinary mucin pools (NLP1, NLP2 uas HP1) mmaaumsmw:mjwaawﬁmm
mﬂ?j'waaﬂﬁmmsl (calcium oxalate, CaOx) lunaaanaass (in vitro CaOx crystal aggregation assay)
Lﬁ'mﬂ‘%mmﬁmm'wé’uﬂizﬁw%{mﬂm:nﬁimaaNﬁﬂ (aggregation coefficient, AC) Vadudazeaging
Taussaadnaiiien AC ngﬁmmmmmnszé}uﬁamLa'%mLm:néjamamﬁn‘lﬁmﬂﬂ'jwaﬁﬁ'saﬂ"]a
fiflen AC ¢ éﬁLLa@alugﬂﬁ 16

Namuﬂ'%uuLﬁﬂumsmzéjunmm:mjmaaNﬁﬂs:vnf'mﬁas’iumﬂﬂama:sawaoﬂuﬂﬂﬁ
(HP1) LLa:ﬁ's%mmﬂama:ﬁmaa;jﬂ'sﬂIiﬂﬁﬂm (NLP1 uwaz NLP2) wuiien AC 93y VI
¢t NLP1, NLP2 uaz HP1 1Winnu 7.19, 2.31, 2.16 anudau nasaunianalaslt ANOVA test
Wudnen AC Januuandnsnuagnelivbdany (P = 0.013) uazaINWa Sidak multiple-comparison test
wuindn AC wad HP1 uaz NLP2 liuandnstuatnafiudéty (P = 1.000) amefien AC 283 NLP1
9091 HP1 (P = 0.023) uaz NLP2 (P = 0.028) athsiitidnazy (gﬂ‘r‘i 17)

\ladon PAS staining Uaz¥in MUC1 waz MUC2 immunodetection 284813028819 HP1,
NLP1 waz NLP2 wui1 HP1 §U3u1m MUC1 gol,wivlsjwu MUC2 &% NLP1 J13u1m MUCH @‘%Tﬁ'q@
AR5 m MUC2 gaﬁ'q@ dwiudadneiiadu NLP2 §3inmh MUCT g9 udiins@adues PAS
staining dnfiga (U7 18)

nanTadSunansaiBedn (total sialic acid (TSA) content) LLamlugﬂ‘ﬁ' 19 YSunnsaide
anlu NLP1 éndnlu NLP2 was HP2 aghataian
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(A) HP1 (F27-43): AC = 2.82 (B) NLP1 (F5-17): AC = 6.21

gﬂ'ﬁ 16 mwmymﬂﬂa”ao'ga‘ﬂﬁﬂﬁl,muﬁsum (light microscope) Lﬂ’%wLﬁyumﬂm:mjmmwﬁﬂ
funadausansanszniten AC @ (AC = 2.82) uazfl AC §9 (AC = 6.21) A = MANENGUVDI
nandladviiduianaldnnizaizasaulng (HP1) B = mil,m:ﬂéjmawﬁﬂl,ﬁalﬁuﬁa%uﬁaﬁ'@
VLﬁmnﬂamazmaag;]TﬂmTSﬂﬁﬂm (NLP1) @1  AC ﬁqaﬁfuﬂa%ﬁwﬁmﬂmzﬂijmwﬁﬂmﬂ*ﬁu

(faspene 400 Lvin)

12 -
P= 0.023—| ,— P =0.028

10 1

—

c

Q0

(&)

=R

5]

o

(&)

c 6

©

©

o

O 4

-

o

o

<
2,
0,

Control HP1 NLP1 NLP2
;sﬂﬁ 17 ﬂi’]WLL'Yi\‘iL]_]’%EIULﬁﬂ‘].Jﬂ"]ﬁuﬂizﬁﬂ%ﬂ’ﬁm’]zﬂﬁjumadwﬁﬂ (aggregation coefficient, AC) 284
Aog19induanndasziuzadaulnd (HP1) LLa:ﬁa%umﬂﬂamazmumaq;&”ﬂaﬂIiﬂﬁa"l@] (NLP1
uaz NLP2) Wuinen AC 289 HP1 uaz NLP2 liuandrsnuatnsiiiedan (P = 1.000) youefidn AC

o

289 NLP1 §4n31 HP1 (P = 0.023) uaz NLP2 (P = 0.028) a8INTBEATY (Sidak multiple-comparison
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test) Control #anaanfuANNlFIINAUUNUENTAIaEWTTU (A1 AC geLTiiimanMznguvaInaEn

1N)

160 ~ OHP1
ENLP1
ENLP2

140

120 ~

100

80 A

60 -+

Intensity (arbitrary unit)

20 ~

PAS

Stainings
51U 18 WinuifipudSunnlnalalyséiu (PAS staining) MUCT uaz MUC2 Tuansdaagnafingu HP1,

NLP1 tae NLP2

TSA concentration
(mg/L)
(6)]

HP1 NLP1 NLP2
Gel filtration pooled fractions

31U 19 WisuiflsuSimniaBedn (total sialic acid (TSA) content) T HP1, NLP1 uaz NLP2 13w

naldaanls NLP1 énndnls NLP2 uaz HP2 asnsdaian
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nnuamsansniduianalaniaanzulesis CL-2B Gel filtration chromatography
n13¢8iaN PAS staining N13¥11 MUC1 W&z MUC2 immunodetection Lazn13W1U3unmh total sialic acid
lusnsmadafindunntaazsinvasaundnd (HP1) LLa:mﬂﬂama:nmaaQﬂaﬂ‘mﬁﬂm (NLP1
uaz NLP2) snannasuamansmeadlngu HP1, NLP1 uaz NLP2 Ieeaans9f 6

@137 6 syUgmanssasmaivindunaialdnndasizvvesaulnd (HP1) uazandaaiz

ﬂmaa%ﬂmkﬂﬁﬂ@ (NLP1 uaz NLP2)

Partially purified AC Molecular TSA PAS MUC1 MUC2
urinary mucins size content intensity content content

HP1 Low Small High Intermediate  High Undetectable
NLP1 High Larger Low High Low High

NLP2 Low Large High Low High Intermediate

syl @a%u NLP1 wuldlawnzluldaanizvesfihelediale  ussliquawd@idu “crystal

A A X a ' i o & < .
aggregator” 4374 NLP1 uumu’ml%mumﬂumlﬂi:ﬁ]‘aum T2 TWNANIIN aberrant glycosylation
fad increased glycosylation W@l decreased sialylation Lﬁﬂﬁ’a%%ﬁgﬂ@@‘ﬁ’ﬂ (adsorb) UKAIVBINEN
uwaaLfonaansuan i liiszasugnivasnananaidin  usNaNIzRIVKANIzAAs I lWKAN

W ve X a4 e ; . _

lomain Indnuinnauisfamaunenguilngdn waziftesanfindull hydration property uaz gel-

. a a AdAa A & o v A A ' = A
forming property fnduvmalngnfivTinalnauaugsih asvhuihnidwasgauszniwinuasifo

'
A

ONTILAA v‘iﬂﬁwﬁmm:mjuﬁudwmm:ﬁumﬁu fInuanNaM I msnuidwamalngind

Usinmnsaduand ludlasnzonailudatsdenudssdemaiaianiomaiufiab le
annNamﬁ%’uf':ﬂmz’iiﬁvlﬁﬁaamﬁgﬂmiadw mafinanniarouialulaaziliiAanae

LA3IANDENFLATULAZLAANTONLELT W dawa@iamiﬁwﬁa%wﬁ'ﬁ@ﬂnaﬁ”’m%aﬂ‘%mmua:qmmw

a a 4

aanugaslimAnlumsdnmnit SrdunfaUnddtaziunuinidu stone promoter &IL&SNNNILAG stone

'
A A

nidi uaznaiaTyvastoniia Lwawgaﬁ'jwﬁ's%uﬁﬁ@ﬂnamé'lfrl,ﬁU'Jﬁaaﬁ'umnﬁ@ﬁauﬁm%a M3ANEN
doluasamouindulutouiia aveseumsusaseanvasldsiuiduluiiofole iasafialaluled
RIATIEHAR DU iauﬁaﬁﬂmwamawﬁmm:miﬁaﬂmdmiﬁﬂLamiamsé’omsw:ﬁﬁa%uslumaﬁqﬁa"lm

namisidiasduasameAsonuinlutoudia (stone matrix) TRALABLTINEENT AN
Usznaudeldsdunanwaissiia sawlnnidu glycoproteins Wiasnliuananiu PAS staining 4
sunsnudsleilu 3 fractions auawIavaslaana (gﬂ‘?i 20) fvihaulefie Waaasaudis MUCT
antibody W1 MUC1 positive fractions vL@vlumg'sJ large MW glycoproteins ﬁagaﬁﬂa%ﬁﬁ?%mﬁmﬁad
fumsnesndutaniiings smedowisoienuunumussiidululsaialasedinouanauise
da'ld

24



0.25 - T 4500

F1-12
————o
+ 4000
—e— 0D280-COM
0.20 1 —&— PAS Density (Int/mm2)
’ + 3500
+ 3000
0.15 -
1 + 2500
=
o
=]
a
o + 2000
0.10 -
-+ 1500
+ 1000
0.05 -
+ 500
7
0.00 0
0 80

Fractions
3‘1]17; 18 The CL-2B gel filtration chromatogram of proteins extracts from CaOx stone. The fractions
were analyzed for OD280 nm (circle dot) and PAS staining (diamond dot) to detect proteins and
glycoproteins, respectively. The overall data suggested that most of proteins found in stone matrix
were glycoproteins. At least 3 major peaks of glycoproteins (F1-12, F13-29, F47-69) found in the
CaOx stone matrix. Two of them (F1-12 and F13-29) were large MW glycoproteins, which were
positive for mucin antibody (MUC1). The data suggested that large MW glycoproteins (likely to be

mucins) play role in the formation of stone.
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Output 7ilaa1nla3IN1T

1. m3liawanasnwIdslwa19szined (Presentations)

1.

nluimnonaswisouuulumaas (poster presentation) (389 Urinary mucins isolated
from nephrolithiasis patients promote the aggregation of calcium oxalate crystals luns
ﬂiz"gm The 5th eULIS Symposium (12th European Symposium on Urolithiasis) th Wad
Lisbon ‘]JizmﬂI‘]J‘i(ﬂLﬂ(ﬂ seRIIUR 4 - 7 nIngaxN 2550 (http://www.eulis2007.com)

i lUiasenanuiddouuutnyan (oral presentation) (304 Intrarenal gene expression of
monocyte chemoattractant protein-1, interleukin-6 and transforming growth factor-beta1
in kidney stone patients luﬂ’liﬂiz"qu 11th International Symposium on Urolithiasis

1§89 Nice UssinenSoies 32mingsuil 2-5 fuenamn 2551 (http://www.urol2008.com)

2. HAITWANNN (Publications)

1.

Boonla C, Hunapathed C, Bovornpadungkitti S, Poonpirome K, Tungsanga K,
Sampatanukul P, Tosukhowong P. Messenger RNA expression of monocyte
chemoattractant protein-1 and interleukin-6 in stone-containing kidney. BJU Int 2008;
101(9): 1170-7. Y impact factor 2.635

fNRISALATHY manuscript aULR 2 Fai3eefianaitas@fiuw “Evidence for involvement
of mucins in lithogenesis in kidney stone disease” %ad’l‘a‘miﬁmﬂ’iwz?\ﬁuﬁ Kidney
International (impact factor 4.79) 730 Nephrology Dialysis Transplantation (impact
factor 3.154) w38 FEBS J (impact factor 3.033) %38 BJU International (impact factor
2.635)
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