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Abstract

Project Code : MRG5580174

Project Title : Urinary stone disease risks and protection in northeast Thai patients and

their relatives

Investigator :  Dr.Thasinas Dissayabutra MD.,PhD.

E-mail Address : thasinasdr@gmail.com

Project Period : 2 years

Abstract: Urinary stone disease (USD) is a common urologic disease in elderly worldwide.
In Thailand, the highest prevalence of USD was found in Northeast and North residents.
Previous study clearly demonstrated that the USD relatives had 3.18 times relative risk
higher than normal population to develop stones. In this study, we investigated the
lithogenic biochemical abnormalities in blood and 24-hour urine of USD descendants
compared to the non-stone-former descendants. One-hundred and forty-eight participants,
including 28 USD patients with 40 of their children, and 46 non-stone formers with 34 of
their children were enrolled. Blood and 24 hours urine were collected. We found that USD
patients had higher urinary oxalate, protein, alboumin and hyaluronic acid, but lower
urinary citrate and sulfated glycosaminoglycans compared to the control. They also had
higher urinary supersaturation than control as well. The USD descendants had similar, but
less severe, urinary abnormalities compared with non-stone former descendants, even

though they did not yet develop stone. Our study reviewed the biochemical risks for future



stone development in USD descendants. We suggested that the Urologist should
recognize these risks in USD relatives to closely observe them in order to make a prompt
diagnosis and treatment. This fundamental research needs to investigate whether these
abnormalities are genetic or environment in origin, to provide the better understanding of

the pathogenesis and the prophylaxis of USD.

Keywords : 3-5 words: Urinary stone, Family, Citrate, Oxalate, Glycosaminoglycans
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Aad9tRan MlunInII3aaIzaL Creatinine, total protein, protein carbonyl, calcium, uric acid

aad1daalz 15lun13957939%398 Urinalysis, creatinine, calcium, phosphate, citrate, oxalate, sulfate, uric

acid, chloride, urea, magnesium, and other metals
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wWud nauihe (1A) uazauind (2A) "L;iﬁmwmmmhm”uashaﬁﬁfﬂﬁm”zymaaﬁﬁﬁﬂuﬁmmq LT
ariiu28n1 (Body mass index: BMI) 80TMIguYAILAZNIANET) [wdeanuninguya syl 28 (A2) uazyas
audnd (B2) udwud ngurtl tdlsndszddali@adesnninguandnd lsafinution leun Tsamanu anw

aulafags uazlvaiulwioags (anmaf 1)

d‘ v dy v ¥ a
AN 1 LLammaQawugmmmwwnﬂmumsmzl

KSD patients KSD descendants Adult Volunteer
volunteers descendants
(1A) (1B) (2A) (2B)
n 28 45 41 32
Gender (%male) 64.3% 46.7% 46.3% 43.8%
Age (years) 45.6+8.7 19.1+7.9 44.149.5 20.2+7.6
BMI (kg/m2) 24.0+3.6 N/A 24.5+3.6 N/A
Smoking (%) 28.6% 18.0% 27.3% 11.9%
Alcohol drinking (%) 35.7% 14.0% 21.8% 11.9%
Underlying disease (person)
Diabetes mellitus 6 1 4 0
Hypertension 7 0 6 0
Dyslipidemia 3 0 1 0
Chronic liver disease 1 1 0 0
Chronic renal disease 2 0 1 0
(GFR>60 ml/min/1.73 sq.m)
Cardiovascular disease 2 0 0 2

v ¥

v aA o A Ay @ . oA
NL‘Il’ﬁ’l&JIﬂi\‘iﬂﬂdilﬂﬂuvl,ﬂiUﬂﬂi(ﬂi’JﬁllréﬁTmWaﬂﬂﬂimiiﬂu’mvlml,mﬂdmﬂ’]‘ﬂﬂﬂl"ﬁ urine strip a9
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FINNITNARDI WL QLﬂTﬁwImamﬂumju 2A J311In 5 aundinaatwesnuINUURR1IE wanannwk

rgzdUnd (an9n 2)
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AT 2 uraInaaTatEazlasld urine strip

KSD patients KSD descendants  Adult volunteers Volunteer
(1A) (1B) (2A) descendants (2B)
Urine strip test (persons)
Blood >= 1+ 4 0 0 0
Protein >= 1+ 5 0 0 0
Glucose >= 1+ 7 0 5 0
Ketone >= 1+ 0 0 0 0
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M13WN 3 LEAINANIATIVANANALTUNIAEILATUITIENI 9 [SRIZERRE

KSD patients

KSD descendants

Adult volunteers

Volunteer

(1A) (1B) (2A) descendants (2B)

Urine pH 6.60+0.90 6.78+0.90 6.06+0.79° 6.46+0.93°
Calcium (mEg/day) 5.83+0.90 3.01+0.31° 4.29+0.49 1.11+0.14>°
Oxalate (mg/day) 43.70+4.83 14.70+2.59° 11.91+1.90° 14.09+2.14
Citrate (mg/day) 66.15+9.47 113.62+11.33°  161.19+18.54° 201.18+28.13°
Magnesium (mEg/day) 4.17+0.70 4.43+0.41 4.94+0.33 4.65+0.36
Potassium (mEg/day) 25.33+2.32 19.89+1.28° 26.93+1.69 26.04+2.01°
Sodium (mEg/day) 100.36+11.62 98.00+7.17 96.74+7.74 86.60+6.49
Chloride (mg/day) 115.62+12.28 93.65+7.34 92.84+6.24 90.21+8.24

Phosphate (mg/day)
Uric acid (mg/day)

326.71+29.04
377.14+33.0

240.05+18.18°
235.97+19.31°

191.92+16.88"
371.25+22.77

132.52+15.66"°
325.79+26.70°

' ' o o ' ' b ' ' v oo o ' '
aLLa(ﬂdﬂ’ﬂNLL(ﬂﬂ(ﬂ’Nﬂﬂ’]dﬁuﬂﬁ’]ﬂiyiz%’ﬂdﬂﬁ;&l 1A LLAL 2A; LL'N(ﬂGﬂ’J"INLL@m(ﬂ’NBﬂﬁdﬁuﬂﬁ’]ﬂiyiz%’ﬂ\‘mf\]‘&l 1B

' ' o oo o ' ' d ' ' v oo o '
e 2B; CLL’N(ﬂGﬂ’NNLL(ﬂﬂ(ﬂ’NBﬂﬂdﬁuﬂﬁ’]ﬂiyiz%’ﬂ\‘mﬁ]‘&l 1A 1Lae 1B; LL&(ﬂdﬂ’J’]NLL(ﬂﬂ@I’N@ﬂ’h‘iﬁuﬂﬁ’]ﬂiyiz%’ﬂ\‘i

ﬂsjw 2A LLaz 2B

Lﬁaﬁﬂi:ﬁumiﬁaﬁaLLa:miﬂ'uﬂ'aﬁmm@ﬁazmLL@ia:mjumﬁwmmmmm'ﬁm‘”ﬁamﬂluﬂéan:

' v a a o a A A ) a a o a ' '
WU'J']f‘IanEﬂ'LhU (1A) Nﬂqﬂqquau(ﬂ?ﬁﬁﬁ?(ﬂgﬂ'ﬂqﬂ 1ummzﬂuﬂimﬂﬂalhﬂ (1B) Nﬂ']ﬂ'l']“ﬂ“@nﬁﬂﬁ'ﬂﬂ%ﬂﬂ')qﬂqm

awln@ (2B) (mﬁ\‘iﬁ 4)

TN 4 LrAIFIANNBNG SN wIMlay Ogawa index

Urine supersaturation

(x10-6)

KSD patients
(1A)

KSD descendants
(1B)

Adult volunteers

(2A)

Volunteer

descendants (2B)

Average + SEM

53.45+1.72

19.77+0.54°

17.47+0.48"

6.24+0.01"°

Ogawa index = 6.838x10" . [Ca]°'78[Mg]’°'3°[0x]°'91[Cit]'o'w; aLLammmLmﬂ@hmﬂﬁdﬁﬁfﬂﬁﬂﬂ”@i:%dﬁ@ﬂéju 1A

b ' ' v oo o ' ' ' ' o o '
WaE 2A; LLa(ﬂdﬂ’J"INLL@Iﬂ@I’Nﬂﬂﬁdﬁuﬂﬁ’]ﬂiyiz%’ﬂ\‘mﬁ;&l 1B e 2B; cLLa(ﬂdﬂ’J’]NLL@ﬂﬂWdﬂﬂﬂGﬁuUﬁ’]ﬂiyiz%’ﬂ{i

' d ' ' v o o ' '
f‘IEgSJ 1A 1Lae 1B; LL'N(ﬂGﬂ’NNLL@Iﬂ@I’N@ﬂﬁﬂﬁuﬂﬁ’]ﬂiyiz%’ﬂ\‘iﬂf\]‘&l 2A Lae 2B

miaTadaziiedaastiluanaswalng dun Tusdu saydu uazlnalasciilulnauaudsfian

fgaia (GAGs) (A131991 5) wu

- lds@uluwfzanie naury tuﬂﬁi:ﬂ”ﬂﬂiﬁﬂuﬂéan:goﬁq@ lumm:ﬁﬂéu 1B ﬁiﬂiﬁuluﬂéma:ga

N 2B
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- ”ayﬁu‘[uﬂéma: naury aUﬁﬁ:@”ﬂé’ﬂgﬁﬂuﬂéma:gaﬁq@ 1umm:ﬁﬂ§§m 1B ﬁ”agﬁu‘[uﬂéma:
g\‘imfﬁ 2B

- GAGs nguithoilszau GAGs lulféawa:ﬁﬁﬁqﬂ ‘Lumm:'ﬁmjm 1B & GAGs luifaanizéinin 2B

d‘ R =1 ]
AN 1N 5 LL&(NE;:@U&"ITH’JIEJLaf!a‘lluﬁﬂl%tyluﬂé(ﬁ’]’):

KSD patients KSD descendants Adult volunteers Volunteer
(1A) (1B) (2A) descendants (2B)
Urinary protein (mg/day) 336.6+61.9 67.0+7.0° 31.145.6° 26.6+3.7
Microalbuminuria (mg/day) 223.2+73.0 6.312.1c 7.712.0a 0.4+0.2
GAGs (mg/day) 6.27+1.11 24.55+1.55° 44.82+6.27° 46.84+4.37"°

' ' o o o ' ' b ' ' v oo o ' '
aLLﬁ(ﬂdﬂ’J’]NLL(ﬂﬂ(ﬂ’Nﬂﬂ’]dﬁuﬂﬁ’]ﬂiyiz%’ﬂ\‘mf\]‘&l 1A AL 2A; LL&(ﬂGﬂ’J’]NLL@m(ﬂ’N@ﬂﬁdﬁuﬂﬁ’]ﬂiyiz%’ﬂ\‘mf\]‘&l 1B
' ' o oo o ' ' d ' ' v oo o '
e 2B; cLLﬁ(ﬂdﬂ’J’]NLL(ﬂﬂ(ﬂ’Nﬂﬂ’]dﬁuﬂﬁ’]ﬂiyiz%’ﬂ\‘mf\]‘&l 1A 1Lae 1B; LLa(ﬂdﬂ’J"INLL@m@I’Nﬂﬂﬁdﬁuﬂﬁ’]ﬂiyiz%’ﬂ{i

ﬂsjw 2A LLaz 2B

MIANBIANNLATIANIBDNTIATY (oxidative stress) |wianiz lasdnwnianuyiiniiaanms
pandiaTulUsin (protein carbonyl) LazAMNENNNTAGEMBEENGIATUNIRNAlLUREIZ (urinary total anti-

oxidant status) wmw"laiﬁmmLmﬂ@iwﬂ”usl,mwia:mjm (#1319 6)

AN 6 LFAIAILITAINNLATLANIIBDNTLATI

KSD patients KSD descendants  Adult volunteers Volunteer
Oxidative stress
(1A) (1B) (2A) descendants (2B)
Protein Carbonyl (mg/g protein) 59.3+8.6 39.2+5.2 57.4+8.1 39.8+5.6
Urinary TAS (g/g creatinine) 0.66+0.05 0.66+0.05 0.66+0.04 0.80+0.07
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Abstract:

Background: Urolithiasis is a common urologic disease in elderly worldwide. Evidences showed that the
family members of urolithiasis had high risk for stone formation. We aimed to measure urinary protein
and microalbumin levels in urolithiasis first degree relatives compared with normal population, and

preliminary identify the elevated urinary protein.

Materials and methods: Twenty-eight post-stone removed urolithiasis patients (G1) and their non-stone-
forming children (G2), 30 non-stone formers (G3) and their children (G4) who lived in the same region
were recruited. Medical history and 24-hours urine were collected. total urine proteins and
microalbuminuria were measured, then, urinary protein were analyzed by 2D SDS gel electrophoresis and

spectrophotometry.

Results: Age, gender, BMI, smoking, alcoholic drinking were not different between G1 vs G3, and G2 vs
G4. G1 had more prevalent underlying diseases than other groups. Urine protein and albumin were highest
in G1 participants, and were higher in G2 compared with G4. Preliminary proteomic study of sampling
urine protein showed elevated Tamm-horsfall protein, albumin, kappa and lambda-2 light chain

immunoglobulins.

Conclusion: Urolithiasis first degree relatives had elevated urinary protein and albumin similar to their
parent who had urolithiasis disease, even though the levels were lowered. These proteins might indicated
stone risk factors and/or proximal tubular diseases. Further study of complete proteomes and functions

will be needed.
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Introduction

Urolithiasis is a common urologic problem worldwide, with the lifetime prevalence are between
7.14% and 11.10% (1-3). In Thailand, the prevalence of urolithiasis is up to 16.7% in northeast region (4).
Urinary stone initiates when the solute concentration in urine is exceeding the saturation point, called
supersaturation state. In this state, the lithogenic ionic sulutes, such as calcium, oxalate, phosphate or uric
acid spontaneously form the complex, and then insoluble complexes become crystals in luminal part of
nephrons. Tubular endothelial cells uptake these crystal and accumulate in the interstitium, causing
inflammation, bleeding and increase oxidative stress. Urolithiasis patients come to visit the doctor with

flank pain, hematuria, and frequently chronic renal failure.

Although the pathophysiology of stone formation was well defined, the etiology was not yet
clarified. It was well-recognized that the diabetes mellitus, hypertension, obesity and metabolic bone
disease increase the risk of urinary stone formation, as well as a person who has urolithiasis patients in
family. Until now, there is no evidence reported that any single gene disease causes urinary stone, and the
environmental hazards are only the aggravating factors. However, urolithiasis patient’s close relatives
have higher chance to develop disease. Sritippayawan et al, reported that in Thai Northeasterners,

urolithiasis relatives have 3.18 times higher risk for stone formation (5).

Calcium oxalate is the most common stone found in human, and the incidence is inclined
throughout the world. The most important risk factor for urolithiasis in Western countries are
hypercalciuria and hyperoxaluria (over-excretion of calcium and oxalate in urine) However, in Asian
countries, such as Japan, Taiwan, Malaysia, and Thailand, hypocitraturia (inadequate citrate excretion in
urine) remains the most prominent factor, which was up to 69.6% in Thai patients, while hypercalciuria
and hyperoxaluria were found only 15.2% and 1.3% respectively (6). These abnormal characteristics were
shared in the family members, as our previous study showed that the children of urolithiasis patients had
higher urinary oxalate and lower urinary citrate compared with normal age- and gender-matched

population. The validity of these risks in urolithiasis familial members verify the higher risk of



lithogenesis in urolithiasis relative, however, we were yet to investigate whether these abnormalities were

derived from intrinsic or extrinsic causes.

Regarding to the highest osmolarity of urine occurs at the loop of Henle region of nephron, the
supersaturation and crystal usually form here. It is believed that urolithiasis induces tubule-interstitial
injury, and elevated urinary protein found among these patients should be leaked from tubular endothelial
cells. Several proteins were listed to be up-regulated in calcium oxalate-exposed HK-2 cells model,
including FK506-binding protein 4, pyruvate kinase isozymes and fascin (7). However, in human,
significant proteinuria and microalbuminuria are co-morbidities frequently found in urolithiasis patients,

which is unable to be explained by tubulo-interstital damage, diabetes or hypertension alone.

In the present study, we aimed to study the level of proteinuria and microalbuminuria in
urolithiais patients, as well as their descendants, in order to validate these abnormalities in both high risk

groups, and to use this information for further investigation on proteomes and pathophysiologic study.
Material and methods

One-hundred and sixteen participants in this study were enrolled from 4 groups. Group 1 (G1)
comprised of 28 calcium oxalate urolithiasis patients who underwent surgical stone removal at the
Sunpasit Prasong Center Hospital, Ubon Ratchathani Province, Thailand, with successfully removed as no
visible stone larger than 0.4 cm. was seen in plain x-ray film after 1 month, while Group 2 (G2) was the
descendants of urolithiasis patients (n = 28) who had no history or symptoms suggesting of urinary stone
disease. Group 3 (G3) was non-stone-formers resided in the same region as Group 1, with age- and
gender-matched, and Group 4 (G4) was non-stone-formers descendants. Group 2, 3 and 4 were screened
for urinary stone disease by history and negative urine blood test. Medical history, and 24-hour urine were
collected. 24-hour urine was measured for total volume, then tested by urine strip and preserved in deep

freezer with thymol until further experiments.

Total urinary protein was measured by Bradford technique. In brief, 50 microlitre of urine was
mixed with Coomassie Brilliant Blue G-250 dye in acidic solution (CCB reagent). The mixture was

filtered and then incubated 5 minutes in room air before measure the absorbance at 595 A" wavelength.



Microalbuminuria was measured by electrochemiluminiscence technique by COBAS C6000 ®

(Roche), with the limit od detection (LOD) of 0.001 mg/dl for microalbumin.

Proteomic study was done using 2D-SDS-PAGE electrophoresis and proteins were identified
using LC-MS (LCMS-2020 ® from Shimadzu company) and then compared with the protein

UniProtKB/Swiss-Prot — ExPASy Database by Mascot program.

The data were expressed as mean + SE. The differences of age, BMI, protein, and
microalbuminuria were tested by one way ANOVA followed by LSD post-hoc, gender by chi-square. The
differences of urinary protein and microalbuminuria between each family were tested by paired #-test.
Statistical analysis was done by SPSS software version 16 (Chicaco, USA), and significance was decided

when p < 0.05.

The present study was approved by ethic committee of the Department for Development of Thai
Traditional and Alternative Medicine (AF02-008.) We declared no conflict of interest in any companies

described in this manuscript.

Results

Demographic data

Twenty-eight calcium oxalate stone patients who successfully stone-removed and permitted their
children to enroll into the research study, were recruited into the study as G1 group. Overall, male was
predominant (64.3%) and the average age was 46.1 + 9.7 years-old. Their children were female-
predominated, with the average age of 19.6 + 8.7 years-old. Age- and gender-matched non-stone formers
were recruited from the residents who lived in the same area of G1 participants to minimize the diversity
of climatic, cultural and dietary pattern (G3). Most of them were male (56.7%) and the average age was
45.6 + 9.0 years-old, which were not different from G1 (p = 0.564 and p = 0.825, respectively.) Non-
stone-former descendants were also recruited as G4 group, with female-predominated and the average age
was 19.7+ 7.3 years-old. The gender and age of G4 is not different from G2 (p = 0.773 and p = 0.955,

respectively) (Table 1.)



Obesity is a risk factor for urolithiasis, the parental groups (G1 and G3) were calculated for their
body mass index (BMI) which was not different (24.0 + 3.6 vs 24.5 + 3.6 kg/mz, p=0.567). BMI was not
calculated in descendant groups (G2 and G4) because some participants in these groups were in childhood
and adolescent period, which normal range of BMI could not be applied. Approximately one-fourth of
parental participants and one-sixth of descendant participants smoked. Half of G3 participants accepted

for alcoholic drinking, while only one-third in G1, and one-sixth in descendant groups admitted.

Urolithiasis patients appeared to have higher rate of co-morbidities than G3 group. Hypertension
and diabetes mellitus were the most common non-communicable diseases found in parental patients,
followed by dyslipidemia, cardiovascular disease, chronic kidney disease stage I or II (estimated
glomerular filtration rate or eGFR was greater than 60 ml/min/1.73 sq.m), while descendant groups

reported a small number of diabetes, cardiovascular and chronic liver diseases.

Table 1 Demographic data of the participants.

Urolithiasis Urolithiasis Non-stone- Non-stone-former
patients (G1) descendants (G2) formers (G3) descendants (G4)
n 28 28 30 30
Gender (%male) 64.3% 42.8%° 56.7% 46.7%
Age (years) 46.1+9.7 19.6+8.7° 45.6+9.0 19.7+7.3°
(range) (32-69) (10-45) (28-62) (7-33)
BMI (kg/m’) 24.043.6 N/A 24.543.6 N/A
Smoking (%) 28.6% 17.9% 26.7% 13.3%
Alcoholic drinking (%) 35.7% 14.3% 46.7% 13.3%
Underlying disease (persons)
Diabetes mellitus 6 1 4 0
Hypertension 7 0 6 0
Dyslipidemia 3 0 1 0
Cardiovascular disease 2 0 0 2
Chronic liver disease 1 1 0 0
Chronic renal disease 2 0 1 0

(GFR>60 ml/min/1.73 sq.m)




* p < 0.05 compared between G1 and G3 (parental groups); b p <0.05 compared between G2 and G4 (descendant groups);
‘ p<0.05 compared between G1 and G2 (urolithiasis family groups); ¢ p < 0.05 compared between G3 and G4 (non-

stone-former family groups); N/A data not available.
Urine analysis

Urine tested by urine strip showed that G1 still have abnormal urine after stone was removed,
Hematuria, proteinuria and glycosuria were frequently found in post-operative patients. On the other hand,

glycosuria was found in 5 subjects, but no abnormality was found in descendant participants.

G1 had highest urinary protein level compared with other groups (436.6_+ 117.8 mg/day) as
shown in Table 2. Non-stone-formers had significant lower urinary protein than G1 (34.8+7.7 mg/day, p
< 0.001.) Regarding to the descendant groups, G2 had elevated urinary protein compared with G4
(78.4+8.6 vs 23.2+3.7 mg/day, p < 0.001.) The level of urinary protein had no correlation with age, gender

or underlying diseases in any group (Fig 1a).

Similar to the proteinuria, G1 had highest microalbuminuria level compared with other groups
(223.2+73.0 mg/day.) Elevated microalbuminuria was also detected in G2 compared with G4 (6.3+2.1 vs
0.4+0.2 mg/day, p = 0.009.) We found no correlation between age, gender or underlying disease with the

level of microalbuminuria in this study (Fig 1b).

Table 2 Urinary sediment, protein and microalbumin level

Urolithiasis Urolithiasis Non-stone- Non-stone-former

patients (G1) descendants (G2) formers (G3) descendants (G4)

Urine strip test (persons)

Blood >= 1+ 4 0 0 0
Protein >= 1+ 5 0 0 0
Glucose >= 1+ 7 0 5 0
Ketone >= 1+ 0 0 0 0
Urinary protein (mg/day) 436.6+117.8 78.4+8.6° 34.8+7.7"° 23.243.7

Microalbuminuria (mg/day) 223.2+73.0 6.3+2.1° 7.742.0° 0.4+0.2




* p < 0.05 compared between G1 and G3 (parental groups); b p <0.05 compared between G2 and G4 (descendant groups);
‘ p<0.05 compared between G1 and G2 (urolithiasis family groups); ¢ p < 0.05 compared between G3 and G4 (non-

stone-former family groups.)
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Figure 1 showed the level of proteinuria (a) and microalbumin (b) in urolithiasis’ descendants (G2)
compared with non-stone-formers’ descendants (G4). G2 had higher level of urinary protein and

microalbumin than G4 (p < 0.001 and p = 0.009, respectivey)

Preliminary proteomic study

According to the elevated proteinuria in G2 group, we performed the preliminary proteomic study

in 24-hour urine. Ten of each G2 and G4 participants’ 24-hour urine were randomly selected to perform



the 2D-SDS PAGE electrophoresis, then four bands of proteins in G2 urine that were elevated compared
with G4 were chosen. Four proteins, including Tamm-horsfall protein, albumin, kappa and lambda-2 light

chain immunoglobulin were identified (Fig 2).

Figure 2 2D SDS PAGE showed four bands of proteins significantly increased in G2’s 24-hour urine
compared with G4, which were Tamm-horsfall protein, albumin, kappa and lambda-2 light chain

immunoglobulin, respectively.

Discussion

The present study aimed to elucidate the elevated urinary protein and microalbumin levels in
urolithiasis family members. According this, we tried to normalize all of the possible confounders,
including both intrinsic and extrinsic factors. To avoid the confounders such as genetic backgrounds,
cultural beliefs, occupation, climatic weather and dietary pattern that could not be completely matched,
We decided to recruit healthy residents who lived in the same area with G1 as the G3 participants, and
assumed that these confounding factors were not different between G1 and G3, as well as G2 and G4
participants. Metabolic syndrome, including diabetes mellitus, hypertension, hypertriglyceridemia and
obesity, is strongly associated with urinary stone disease. In this study, urolithiasis patients trended to
have higher prevalence of metabolic syndrome than age- and gender-matched population, although no

statistical significance could be obtained due to the small number of participants. Excluding for the



underlying diseases, G1 shared the similar characteristics with G3 in gender, age, BMI, smoking and

drinking.

Urine strip test was mainly used to screen the microscopic hematuria to exclude the asymptomatic
urinary stone disease in non-stone-forming groups in the present study. Urinalysis results showed that no
hematuria was detected in non-stone-forming groups. In parental participants, glycosuria was the most
prevalent abnormal urinalysis observed, and most of them related to the diabetes mellitus. Approximately
14.3% of urolithiasis patients have persistent hematuria after stone removal operation, suggesting the non-

recovery kidney injury or the retention of remnant non-visible small stones.

Proteinuria was a frequent complication of urolithiasis which related to the renal progression and
prognosis (8, 9). However, some proteins were indicated to be the stone promoters, as they accommodated
the crystal aggregation, stone-to-cell interaction or up-regulation of inflammatory response. These
proteins should be elevated prior or during stone formation and were the important contributory factors in
lithogenesis. Extensive studies of stone enhancing proteins were performed and several proteins including
osteopontin, oxypurine, calgranulin, bone morphogenetic protein 2 (BMP-2) were listed (10-13).
Likewise, a number of proteins were increased during or following stone formation, and considered to be
the result of stone-induced inflammation, damage and apoptosis, as well as the consequences of stone
removal procedure. These proteins are neutrophil gelatinase-associated lipocalin (NGAL), kidney injury

molecule 1 (KIM-1), N-acetyl glucosaminidase (NAG), tissue necrosis factor (TNF), IL-6, etc (14-17).

Albumin is the most abundant protein in plasma, which are filtered by glomeruli and then
reabsorbed by proximal tubular epithelial cells (PTEC). Increased urinary albumin or
albuminuria/microalbuminuria is observed in several nephrotic-type nephropathies, indicating glomerular
dysfunction and could be used as a biomarker for glomerular diseases. However, in uncommon situation,
albuminuria is not indicated glomerulopathies, but increased albumin leakage in urine is caused by
abnormal reabsorption from PTEC disease, such as in Fanconi’s syndrome. Considering that urolithiasis is
a tubulo-interstitial disease, microalbuminuria observed in the patients might represent the tubular injury
instead of glomerular failure. Our hypothesis was supported by Manoharan M et al, who reported that the

tubular reabsorption of protein was diminished in urolithiasis patients (18) and Gholamrez P who



reviewed that Tamm-horsfall protein was not significantly increased in the urine of stone formers, but

albumin and transferrin were increased in the association of bacteriuria (19).

The proteomic study is a very useful tool to identify the crude function of proteins in any disease.
Previously, a few proteomic studies were done in urolithiasis, Walton RC et /, reported that albumin,
Tamm-Horsfall protein, osteopontin and prothrombin fragment 1 (PF1) were increased in calcium oxalate
stone model (20). In addition, Kristin J et al, found that inter-trypsin inhibitor (ITI), PF1, CD59, and
calgranulin B (calB) were elevated in urolithiasis patients compared with their non-stone forming first
degree relatives (21). Recently, Shushang C et al, reported that at least 12 proteins, including M1 isoform
of pyruvate kinase isozyme, FK506-binding protein 4, isoform 1 of cytosol aminopeptidase, fascin, L-
lactate dehydrogenase B chain, were observed from proteomic study of calcium oxalate crystal formation
performed in cell culture model (7). Proteomic study also assists to identify the stone-inhibiting proteins
such as human urinary trefoil factor (TFF1), nephrocalcin, etc (22). However, the crucial limitation of
protein study is that we could not identify that without the proper subject selection, the observed protein is
the “cause/promoter” or the “effect/result”, especially in human study that collect the biological sample
from urolithiasis patients who already formed the urinary stones and scars. The present study, which
recruited the urolithiasis and non-stone-formers descendants who were yet to develop the stones, could

provide the clear information of stone promoting proteins in the urolithiasis family.

Although our preliminary report showed that Tamm-horsfall protein, albumin, and light chain
immunoglobulins were increased in urolithiasis descendants, but we gained only a limited usefulness on
this information because those were common urine-rich proteins. However, our resulted were supported
by the study of Merchant ML, who reported that Tamm-horsfall protein, albumin, (-globulin and Y-
globulin were the abundant proteins in urine and the major composition of stone matrix (23). Tamm-
horsfall protein or uromodulin is the most abundant glycoprotein in urine, synthesized and secreted by
distal tubular epithelial cells, and usually acts as the stone inhibitor. Patients with recurrent urinary stone
were usually associated with Tamm-horsfall protein deficiency. Therefore, many research found that
Tamm-horsfall protein was a dominant stone matrix composition. Parsons CL, and Viswanathan P

reported that Tamm-horsfall proteins might promote stone formation if its structure lacks of anionic



subunit of sialic acid (24, 25). Sialic acid appeared to be an important unit to modulate the urinary protein
function in lithogenesis, as PF1 protein also needed the sialylation in order to function properly (26).
Inaddition, Gudbjartsson DF, and Jaggi M, had proposed that abnormal Tamm-horsfall protein structure
predisposed the calcium oxalate stone formation (27, 28). It was vital for further investigation of Tamm-

horsfall structure in Thai urolithiasis patients to verify its function.

On the other hands, albumin and light chain immunoglobulins are plasma-rich proteins that can
be filtered and reabsorbed in nephrons. We hypothesized that the elevation of these proteins in urolithiasis
urine reflected the impairment of PTEC function. The present study was a solid evidence for further
investigation of urinary proteomics and PTEC function in urolithiasis descendants, to verify the inherited

stone-promoting factors and develop a novel stone prophylaxis protocol for urolithiasis familial members.
Conclusion

Urolithiasis first degree relatives had elevated urinary protein and microalbumin levels compared
with normal population. Tamm-horsfall protein, albumin, kappa and lambda-2 light chain
immunoglobulin were identified. These proteins might act as the stone-promoters or indicate the proximal

tubular cell disease corresponding to the urolithiasis.
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Urolithiasis or urinary stone disease is a common urologic disease in elderly worldwide. It is well-recognized that familial members of urclithiasis patients
have higher risk than normal population for stone development. Urinary stone is formed when the level of anti-lithogenic factors (such as citrate and magnesium)

decrease, and the lithogenic elements

(such as calcium and oxalate) level increase, until the urinary solute concentration exceeds the saturation state. which 1s called

supersaturation. At this state, calcium oxalate spontaneously precipitates and forms insoluble crystal. This study aimed to investigate the urinary risk factors in

urolithiasis and their familial members.

Experimental

Participant recruitment

Twenty-eight of urolithiasis patients who were diagnosed and treated at
the Urology Clinic, Sunpasit Prasong Hospital, Ubon Ratchathani province,
Thailand were recruited into this study (Gl group). These patients were
surgically stone-removal, and stone-free for at least a month; Forty of the age-
and gender-matched normal population who resided in the same area with Gl
were also recruited as a control (G2 group); Forty-six of urolithiasis descendants
(G3 group), and thirty-four of control’s descendants were enrolled as the control
groups (G4 group). Participants in group G2, G3 and G4 were screened for
urolithiasis by the history of urolithiasis symptoms in the past and the urinary
blood using urine dipstick test, any participants with positive of either stone-
compatible history or hematuria were excluded from the study. Characteristic
data and medical profile were interviewed, and 24-hour urine was collected.

Biological specimen collection
Twenty-four hour urine was preserved by thymol addition, and then

measured for total volume, pH, creatinine, calcium, oxalate, citrate, magnesium
and sulfated GAGs.

Measurement of creatinine
Twenty-four-hour urine creatinine was measured by enzymatic method.

Measurement of urinary minerals

Urinary calcium and magnesium were measured by inductively coupled
plasma optical emission spectroscopy (ICP-OES) (Optimal 2100, Perkin Elmer,
USA), according to the protocol described by PerkinElmer® and Analytical
Sciences’user manual. Urinary oxalate and citrate were measured by reverse-
polarity capillary zone electrophoresis (CZE) under an applied voltage of -15 kV
and carried out at 25°C. Background electrolyte contains 40 mM borate buffer,
100 mM, phosphate buffer and 0.5 mM tetradecyltrimethyl ammonium bromide
(TTAB), pH 3.0, UV-visible detection at a wavelength of 195 nm was
performed. Potassium and sodium were measured by ion selective electrode

(COBAS INTEGRA 400 plus.)

Urinary supersaturation calculation

Urinary ionic concentration and activity products of calcium oxalate were
calculated by Ogawa index, AP(CaOx)EQ?2, is defined as
AP(CaOx)EQ2=6.838x10-. [Ca]*78[Mg]-*30[Ox]*![Cit]°!7 where
concentrations are expressed in mmol/L.

Result and discussion
Demographic data
Table 1. Demographic and physical urinary data of the participants

Gl G2 G3 G4
n 28 40 46 34
Age (years-old) 45.6+8.7 44.149.5 19.1+7.9 20.2+7.6
Male gender (%) 64.3% 46.3% 46.7% 43.8%
Body mass index (Kg/m®) 24.0+3.6 24.5+3.6 N/A N/A
, Urine volume (litre) 1.78+0.65 1.53+0.55 1.21+0.39 1.25+0.55
Urine pH 6.60+0.90 6.06:0.79* 6.78+0.90 6.46+0.93%
Calcium (mEqg/day) 5.83+0.90 4.20+0.49 3.0140.31° 1.11+0.14%¢
Oxalate (mg/day) 43.70+4.83 11.91+1.90* 14.70+2.59° 14.09+2.14
Citrate (mg/day) 66.15+9.47  161.19+18.54° 113.62+11.33° 201.18+28.13°
4.17+0.70 4.94+0.33 4.43+0.41 4.65+0.36

Magnesium (mEq/day)

ed between G1 and G2 groups (urolithiasis vs control); ®p<0.05 compared
nd G4 groups (urolithiasis descendants vs control descendants); °p<0.05 compared
1 and G3 groups (urolithiasis and their descendants); 4p<0.05 compared between G2
s (controls and their descendants). N/A = not available.

Urinary supersaturation

The urinary supersaturation index calculated by Ogawa Index
showed that Gl had significant higher supersturation than G2
(0.00005352+0.0000959 vs 0.00001744+0.00000314 , p=0.001), as well as
G3 is higher than G4 (0.001977+0.00000250 vs 0.00000610+0.00000290,
p=0.001). We also observed that the urinary saturation of the parents is
higher than their descendants in the same family, as G1 is higher than G3
(»p=0.002) and G2 than G4 (p=0.001.), respectively. (Figure 1)
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Figure 1: The Ogawa’s urinary supersaturation index in each group.

Our results showed that the descendants of urolithiasis patients have
higher urinary lithogenic abnormalities. These anomalies lead to the high
urinary supersaturation in the urolithiasis descendants. Regarding this, we
could be able to explain the reason why the urolithiasis familial members have
higher risk for stone formation than in general population. In addition, our
result showed that urolithiasis patients, even though they were stone-free at the
time the 24-hour urine was collected, still have high calcium and oxalate
excretion, low citrate excretion and high urinary supersaturation. These
findings could be able to explain the reason why urolithiasis patients have high
recurrent rate.

Although our result showed the abnormalities in urinary elements in
urolithiasis descendants, but these subjects were yet to develop urinary stone.
We believed that there are at least three explanations should be proposed; (1)
the degree of urinary abnormalities is too low to initiate the stone formation,
(2) urolithiasis patients have other stone promoting factors that are not listed
here, such as chronic inflammation, oxidative stress and toxic substance in
urine, and (3) the descendants have other stone protective factors which are not
listed in Ogawa Index, such as glycosaminoglycans, glycoproteins, etc.
However, we believe that these abnormalities become worsen in the later age,
as the prevalence of urolithiasis is extremely high in elderly compared with
young population. Because of this, we emphasize the necessity for urolithiasis
patients and their family members to recognize the risks and prevent the
deterioration of these anomalies.

Conclusion
Urolithiasis patients had higher lithogenic risks in urine than normal
population, and their familial members, who were yet to develop stone, had
higher urinary calcium and lower citrate excretion, as well as high urinary
supersaturation. These population are at-risk for stone formation and need
appropriate treatment for stone prevention.
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OBJECTIVES
Several researchers suggest that children have higher urinary stone-inhibiting factors, including citrate and magnesium, as well as higher urinary macromolecule

and glycosaminoglycan levels than adults, hence lowering the risk for kidney stone formation.

Due to the lack of distinctive evidences, this study aimed to verify the

lithogenic risk factors in KSD descendants, who have been believed to be at risk for urolithiasis.

METHODOLOGY

Subjects

Seventy-four participants, including KSD patients (n=28) and their
descendants (n=46) were enrolled for the study. KSD patients were stone-formers,
aged between 30 and 70 years old who underwent stone-removal operation at
Sunpasit Prasong Hospital, Ubon Ratchathani province, Thailand. They have no
visible stone left after surgery (assessed by routine x-ray screening), had normal
renal function (defined as estimated glomerular filtration rate > 60 ml/min/1.73
sg.m), and did not receive any medication for treating kidney stones. Descendants
were first-degree descendants of KSD patients, aged more than 7 years old and
have been lived in the same area with their parents. Blood was drawn and plasma
was separated, and then stored at -80°C. Twenty-four-hours urine was collected
using thymol as an antiseptic agent. Total urine volume was measured and then
stored at -20°C until analysis.
Laboratory measurements

Urinary calcium and magnesium were measured by inductively coupled
plasma optical emission spectroscopy (ICP-OES) (Optimal 2100, Perkin Elmer,
USA), according to the protocol described by PerkinElImer® and Analytical
Sciences’'user manual. Oxalate and citrate were determined by reverse-polarity
capillary zone electrophoresis (CZE) under an applied voltage of -15 kV and carried
out at 25°C. Background electrolyte contains 40 mM borate buffer, 100 mM,
phosphate buffer and 0.5 mM tetradecyltrimethyl ammonium bromide (TTAB), pH
3.0, UV-visible detection at a wavelength of 195 nm was performed. Potassium and
sodium were measured by ion selective electrode (COBAS INTEGRA 400 plus.)

For oxidative stress, we measured oxidative products, including plasma
protein carbonyl measurement by DNPH colorimetric method, and urinary total
antioxidant status (TAS) by ABTS method.

RESULTS, DISCUSSION AND CONCLUSION

Baseline characteristics, urinary mineral and oxidative stress levels in each
group were shown in Table 1. No statistical difference in gender distribution between
both groups. KSD patients had significantly higher levels of urinary calcium (119.87
versus 59.15 mg/day, p<0.001) and oxalate (46.13 versus 14.70 mg/day, p=0.023),
but lower urinary citrate (74.35 versus 112.08 mg/day, p=0.043) than their
descendants. These evidences supported previous literatures that KSD patients
trended to have hypercalciuria, hyperoxaluria and hypocitraturia. However, we
observed higher urinary potassium level in KSD patients than their descendants
(987.87 versus 771.05 mg/day, p=0.019), which was incomparable with previous
reports. Magnesium and sodium were not significantly different between two groups.

Table 1. Baseline characteristics, urinary mineral and oxidative stress levels in stone-
formers and their descendants.

Characteristics KSD patients Descendants p value
Number of participants 28 46
Age (years old) 46.11+1.85 19.17+1.15 N/A
Gender (%Male) 64.29% 45.65% 0.142
Urinary components
Urine pH 6.60+0.17 6.79+0.13 0.259
Protein (mg/day) 436.56+117.88 65.97+6.93" <0.001
Calcium (mg/day) 119.87+17.37 59.15+6.24* <0.001
Oxalate (mg/day) 46.13+5.49 14.70+2.53* 0.023
Citrate (mg/day) 74.35+14.69 112.08+11.19 0.043
Magnesium (mg/day) 52.96+8.71 53.44+4.93 0.899
Potassium (mg/day) 987.87+84.93 771.05+50.33" 0.019
Sodium (mg/day) 2363.31+256.77 2135.78+169.10 0.729
Oxidative stress
Plasma protein carbonyl (g/dL) 59.3+8.6 39.2+5.2 0.038
Urinary TAS (g/g creatinine) 0.66+0.05 0.66+0.05 0.988

Variables were showed in mean + SEM, N/A is for not available, *p<0.05 comparing between KSD
patients and Descendants groups.

The difference in urinary potassium, oxalate, citrate and calcium were age-
independent (Figure 1.)

We also found the greater urinary protein in KSD patients compared with their
descendants (436.56 versus 65.97 mg/day, p<0.001), suggested for higher level of
nephron injury.
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Figure 1. The distribution of age and urinary minerals. There was no correlation between age and urinary
potassium (A) (Pearson’s chi-square p=0.132), oxalate (B) (p=0.154), citrate (C) (p=0.154), or calcium (D) (p =
0. 109); SF: Stone-formers, Children: KSD descendants.

In the present study, the prevalence of hypercalciuria (4.3% versus 10.7%,
p=0.073) and hypocitraturia (89.1% versus 92.9%, p=0.608) in KSD descendants were
comparable to their parents. Hypokaliuria were significantly higher (89.1% versus
60.7%, p=0.011), but hyperoxaluria prevalence was lower (10.9% versus 50.0%,
p<0.001) (Table 2).

Table 2. Prevalence of urinary lithogenic risk factors in each group.

<200 mg/day 92.9% 89.1% 0.608

<30 mEg/day 60.7% 89.1% 0.011 0.1-0.7
>200 mg/day 10.7% 4.3%$ 0.073 0.8-74.3
>40 mg/day 50.0% 10.9%$ <0.001 26-28.5

We implied that KSD descendants had hypocitraturia and hypercalciuria as the
lithogenic risk factors similar to their predecessors, possibly due to genetic inheritance,
diet, lifestyle or the environment that they shared. Base on the current data, we
suggest that KSD descendants should increase daily intake of citrate-rich diet, and
avoid hypercalciuria phenotype by adequate vitamin D intake and exercise are
recommended.

KSD patients had higher plasma oxidative stress level, as we found the
elevation of protein carbonyl (Table 1), in KSD patients, compared to their
descendants (59.3 versus 39.2 g/dL, p=0.38). However, there was no difference in
urinary oxidative stress, as urinary TAS between KSD patients and their descendants
was not significantly different (0.66 versus 0.66 g/g-creatinine, p=0.988). We
hypothesized that proteinuria in stone-free KSD patients might be the sequel or the
process of healing. Long term follow up should be done to evaluate the persistent
proteinuria and its complication.

In conclusion, KSD descendants had the existing hypocitraturia and
hypercalciuria even though they are non-stone forming, suggested that they were at
risk for stone. KSD familial members should avoid any lifestyle or drugs that worsening
these anomalies. Further study to evaluate the lithogenic risk factors between KSD
descendants and healthy children should be performed to elucidate the existence and
importance of these abnormalities.
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