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Abstract

Background: 1IRCU is traditionally considered as life-
style disease (associations with, among others, over-
weight, obesity, hypertension, type-2 diabetes), arising
from excess, in 24 h urine, of calcium (Ca) salts (calci-
um oxalate (CaOx), calcium phosphate (CaPi)), super-
saturation of, and crystallization in, tubular fluid and
urine, causing crystal-induced cpithelial cell damage,
proteinuria, crystal aggregation and uroliths,

Methods: Another picture emerges from the present
uncontrolled study of 154 male adult IRCU patients
(75 stone-bearing (SB) and 79 age-matched stone-free
(SF)), in whom stone-forming and other parameters in
fasting urine and plasma were contrasted with five bio-
markers (see footnote) of oxidative metabolism (OM),
without and with variation of markers.

Results: 1) In SB vs. ST unstratified OM biomarkers
were statistically unchanged, but the majority of pa-
tients was overweight; despite, in SB vs. SF urine pH,
total and non-albumin protein concentration were cle-
vated, fractional urinary uric acid exeretion and blood
bicarbonate decreased, whereas urine volume, sodium,
supersaturation with CaOx and CaPi (as hydroxyap-
atite) were unchanged; 2) upon variation of OM mark-
ers (strata below and above median) numerous stone
parameters differed significantly, among others urine
volume, total protein, Ca/Pi ratio, pH, sodium, potas-
sium, plasma Ca/Pi ratio and parathyroid hormone,
blood pressure, renal excretion of non-albumin pro-
tein and other substances; 3) a significant shift from
SF to SB patients occurred with increase of urine pH,
decrease of blood bicarbonate, and increase of dias-
tolic blood pressure, whereas increase of plasma uric
acid impacted only marginally; 4) in both SF and SB
patients a strong curvilinear relationship links a rise of
urine Ca/Pi to urine Ca/Pi divided by plasma Ca/Pi,

* This work is dedicated to Professor Alfred Sigel, former
head of Department of Urology, University of Erlangen-
Nirnberg, Germany, for his long-standing interest in and
Stf()l’lg suppur[ ()f 1'&{]21 stone research.

but in SB urine Ca/Pi failed to correlate significantly
with urine hydroxyapatite supersaturation; 5) also in
SB, plasma Ca/Pi and urinary nitrate were negatively
correlated, whereas in SF plasma Ca/Pi ratio, PTH
and body mass index correlated positively; 6) multi-
variate regression analysis revealed that PTH, body
mass index and nitrate together could explain 22 (p =
0.002) and only 7 (p = 0.06) per cent of variation of
plasma Ca/Pi in SF and SB, respectively.
Conclusions: In TRCU a) numerous constituents of
fasting urine, plasma, blood and blood pressure
change in responsc to variation of OM biomarkers,
suggesting involvement of OM imbalance as factor in
functional deterioration of tissue; b) in the majority of
patients a positive exponential relationship links urine
Ca/Pi to urine Ca/Pi divided by plasma Ca/Pi, pre-
sumably to accumulate Ca outside tubular lumen,
thereby minimizing intratubular and urinary Ca salt
crystallization; ¢) alteration of interactions of low
urine nitrate, PTH and Ca/Pi in plasma may be of im-
portance in formation of new Ca stone and co-tegula-
tion of dynamics of blood vasculature; d) overweight,
combined with OM-modified renal interstitial environ-
ment appears to facilitate these processes, carrying the
risk that CaPi mincral develops within or/and close to
blood vessel tissue, and spreads towards urothelium.,
For future rescarch focussing on IRCU pathogene-
sis studies are recommended on the role of affluent
lifestyle mediated renal ischemia, mild hypertensive
nephropathy, rise of uric acid precursor oxypurines
and uricemia, clarifying also why loss of significance
of interrelationships of OM biomarkers with tradi-
tional Ca stone risk factors is characteristic for SB pa-
tients.

OM biomarkers

Plasma uric acid — Discussed as scavenger of reactive
oxygen spccies, but also as donator (via the xanthine
oxido-reductase reaction)

Urinary malonedialdehyde — Accepted as indicator of
peroxidation of lipids within biological cell mem-
branes
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Urinary nitrate — Accepted as indicator of vasodila-
tion-mediating nitric oxide production by blood vessel
endothelium

Urinary malonedialdehyde/Plasma uric acid - Tenta-
tive markers of oxidant/antioxidant imbalance

Urinary nitrate/Plasma utic acid - Tentative markers
of oxidant/antioxidant imbalance

Key words: Idiopathic Recurrent Calcium Urolithiasis
— New stones absent or present — Oxidative and nitra-
tive metabolism — Variation of biomarkers — State of
stonc parameters

INTRODUCTION

The pathophysiology of TRCU is multifactorial, in-
cluding both influences of environment and intrinsic
metabolism [1]; details are insufficiently understood
and a unifying concept is not in sight. In work pub-
lished until present two opposing theories compete:
One, worked out between 1960 — 1980 [see ref. 2], is
based on physico-chemistry, ascribing formation of
calcium (Ca) stones to supersaturation (88) of tubular
fluid and urine with more or less soluble salts and sub-
stances such as Ca oxalate (CaOx), Ca and inorganic
phosphate (CaPi), uric acid (UA), followed by crystal-
lization, crystal adhesion to and incorporation by
tubular epithelial cells, with microlith formation being
a secondary step |2, 3]. Another theory, formulated
earlier and at that time neglecting urinary supersatura-
tion and crystallization as primary events [4], favors
stone formation as process starting from renal intersti-
tial areas (so-called plaques) [4, 5] which, from yet un-
known reasons, are characterized by hydroxyapatite
(HAP) content [6]. This crystallized Ca-rich mineral
forms preferentially in plaques of stone forming males
[5] from excess of Ca over Pi (Ca/Pi) [7], i.e., indepen-
dent of fluid volume (interstitial fluid, urine) and uri-
naty SS(U-SS)-HAP. Also, generation of HAP-con-
taining plaques from amorphous CaPi requires an al-
kaline environment [8], as prevails in renal interstitial
dssue. Plaques were described as located in close vicin-
ity to basolateral membranes of tubular epithelium
and blood vessels (vasa recta) [4, 6, 9], and high blood
pressure (BP) was found to be the only clinical para-
meter correlating with plaques [9]. Thus, investigators
of IRCU pathogenesis are forced to consider one or
more systemic factors the presence of which may or

may not lead to clinically detectable stone as end-

point, independent of a urinary crystal- and stone-ini-
tiating role of urinary SS. To approach a solution, bet-
ter knowledge of the metabolic environment of Ca
stone-beating (SB) vis-a-vis stone-free (SF) patients
appears indispensable, a goal to achieve by a much
broader laboratory program [10] than hitherto prac-
ticed in clinical stone centers. More specifically, infor-
mation is required not only on the state of renal
glomerular and tubular function, urine Ca, Pi, Ca/Pi,
SS-HAP, SS-CaOx and proteins, but also on minerals
and proteins in systemic plasma, blood acid-base data,
BP, body mass index (BMI) and age, thoughts insuffi-
ciently pursued by us in earlier work [10, 11].

Trom database of analyzed biosamples of our
IRCU patients a preliminary impression was that SB
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and SF patients differ in scveral regards: In SB, but not
ST patients high HAP supersaturation of fasting urine
was found associated with higher urine pH and higher
blood bicarbonate (HCO47); when HAP supersatura-
tion was low, the urinary molar Ca/Pi ratio was low
too, and vice versa; conversely, in SF patients lower
plasma uric acid (UA) was found associated with renal-
tubular loss of UA, and uricemia appeared to vary in-
versely with U-SS-HAP, directly with BP. Knowledge
on the role(s) played by UA, especially as biomarker of
oxidative metabolism (OM), i.e., as factor in the main-
tenance of oxidant/antioxidant balance is incomplete
in a number of diseases [12, 13]; on the other hand,
damage of vascular tissue and modulation of BP are
sequelae of overproduction of reactive oxygen species
(ROS) and/or deficient ROS scavenging, or both [14,
15]. From such observations we reasoned that malreg-
ulation of OM could be a systemic factor capable of
paving the way for development of a metabolic envi-
ronment, in turn allowing that disordered Ca and Pi
levels develop in blood and urine, with formation of
new Ca stone, and eventually, a rise of BP as sec-
ondary events. To obtain better information, a plat-
form of data is needed from which new testable hy-
potheses can be formulated.

The following uncontrolled study is an extension of,
and to some degree summarizing, our previous repotts
in this area [11, 16 — 20]. The focus was on scveral
questions: 1) are the levels of bio markers (see below)
different, depending on whether SF or SB patients are
studied; if not, in which other regards are these subscts
of patients different; 2) are traditional Ca stone risk
parameters subject to modulation by variation of bio
markers; 3) which factors influence the frequency dis-
tribution of SI' and SB patients; 4) study of interrela-
tionships of variables and, it helpful in understanding
events involved in formation of new Ca stone, to com-
ment a possible initiating role of OM.

MATERIAL AND METHODS
PATIENTS

The database of a total of 154 adult middle-aged male
IRCU patients allowed to recruit a roughly equal num-
ber for SB and SF subscts. Details of the general crite-
ria of participants, including the clinically assessed ac-
tiyity of Ca stone formation (ASFP) in the two years
preceding the laboratory examination (see below) were
carlier described [11, 16]. In brief: Turopean residents
of the North Bavarian region in Germany, experience
of more than one stone episode in the past, IRCU di-
agnosis by KUB, stone analysis by X-ray diffractome-
try, petrographic microscopy and wet-chemical analy-
sis, respectively, with stone analysis confirming that in
approx. two thirds CaOx (as di- and mono-hydratc)
was dominant over CaPi (as HAP ot precursors), de-
spite absence of CaOx crystals but abundance of non-
crystallized (amorphous) CaPi (Ca/Pi <1.0) in fasting
urine [21] as studied herein (see below). Additional re-
quirements were absence of gastrointestinal surgeries,
especially gut resections, urinary tract infection (bacil-
lus  proteus, others), hematuria (dipstick-positive
urine), oxaluria (0.5 mM in 24 h urince), other sys-
temic disorders (pHPT, RTA, diabetes mellitus, gout),
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cystitis and urethritis, with the latter two minimizing
that post-renal proteinuria was caused by them. Final-
ly, all patients negated anti-stone medication, vitamin
and mineral supplementation of daily food during the
past 6 wecks, and all were advised to omit intake of
oxalate- and salt (sodium chloride)-rich food and to
drink but tap water during the 12 — 15 h night period
preceding the ambulatory laboratory examination (sec
below). After the study goals were communicated, all
agreed to investigations carried out according to the
principles of the Declaration of Helsinki.

CILINICAL LABORATORY PROGRAM

All data reported herein were obtained from a stan-
dardized ambulatory examination, as outlined in detail
elsewhere [10]. The basis was the fasting period [10]
during which patients stayed in the laboratory (after at
home collection of a 24 h utine that serves for exclu-
sion of mild hyperoxaluria), measurement of blood
pressure (twice in a recumbent position at the non-
dominant forearm), stimulation of diuresis by drinking
of 300 ml distilled water to achieve approx. 1 ml urine
flow per min, puncture of an car vein (for immediate
blood gas analysis), withdrawal of venous blood with-
out stasis from the pre-warmed non-dominant fore-
arm, and bladder voiding, Aliquots of plasma and pa-
pet-filtered utine from the exactly timed 2 h fasting
period [10] were prepared, and either immediately ana-
lyzed or stored at -80°C.

OM BIOMARKERS

Three substances were selected, in addition two ratios:

1) UA concentration in plasma; at present widely
conceived as ROS scavenger [22, 23], there are argu-
ments that it is not this mode alone through which
plasma UA contributes to OM balance or imbalance
[23, 24]: The cytoplasmic UA-synthesizing xanthine
(XA) oxido-reductase (XOR) is renally expressed, but
outside glomerula [26], releases ROS [25] and thereby
diminishes the ROS scavenging capacity of UA; in ad-
dition, ab initio low uticemia, for example owing to
defective renal tubular UA reabsorption [27], can ac-
count for insufficient ROS scavenging by UA. There-
fore, erroneous conclusions may be drawn from iso-
lated consideration of plasma UA in vivo [22].

2) Malonedialdehyde (MDA), a major product from
ROS interactions with lipid and lipoprotein (peroxida-
tion) containing cell membranes [28]; high MDA is
considered to indicate deterioration of trans-mem-
brane transport function for vitally important sub-
stances, Ca ions included [29].

3) Nitrate (NIT), an oxidation product of the blood
microvasculature dilating nitric oxide (NO) of en-
dothelial origin [30]; urinary NIT is accepted as mark-
er of total NO production [31, 32]. However, NO can
act also as free radical [nitrative stress; 33, 34| and high
NO production can exert dual actions |34, 33].

4) The ratios MDA /UA and 5) NIT/UA were intro-
duced as possible markers of oxidant/antioxidant im-
balance, attempting to disentangle the above-men-
tioned intertwined in vivo situation (simultaneous
presence of oxidants and antioxidants).
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STUDY DESIGN

The overlap of patients in present and previous work,
following substantially different strategies [19, 20],
was about 95%. The study was retrospective, observa-
tional, cross-sectional and correlative (healthy control
individuals were not included). The ranges of ASFP,
age and BMI (measured in laboratory), were kept
roughly comparable in SB and SF Results were
presented in five sections, with considerable comple-
mentary and supportive data packages (from sections
3, 4, 5) being incorporated into APPENDIX (APP; I,
11, 111).

ANALYSES, CALCULATIONS, STATISTICS

Routine methods or well-established techniques were
utilized for analyzing urine, plasma and blood. Most of
these were previously repotted [10, 11, 16, 20], includ-
ing the 14 analytes entering the calculation (see below)
of urinary supersaturation (U-SS), urinary total pro-
tein and albumin (colorimetry and immuno-nephelom-
etry, respectrively). Exceptions were the use of high
performance liquid chromatography for Ox in plasma
ultrafiltrate [36], urinary MDA [37], NIT [38], hypox-
anthine (HX) and XA (both reported as indicators of
hypoxia and hypoxia-mediated cellular ATP depletion
[39,40], commercial kits for radioimmunoassays of plas-
ma intact (amino acid sequence 1-84) parathyroid hor-
mone (PTH), 1,25-dihydroxyvitamin D; (1,25(011),D)
and arginine-vasopressin  (AVP), the former two
bought from Nichols Tnstitute, Bad Nauheim, Ger-
many, the latter from Diagnostics Systems Laborato-
ries, Sinsheim, Germany. Plasma osmolarity was mca-
surcd by freezing point depression (Osmometer,
Knauer, Berlin, Germany).

Calculations included plasma non-albumin protein
(N-Alb-P; as difference between total protein and albu-
min), U-S§5-HAP and U-85-CaOx (expression as free
encrgy (DG), see ref. [41]), renal clearance of endoge-
nous creatinine, fractional excretion (FE) of minerals
and other substances. In numerous instances log,,
transformation of numerical values led to symmetric
distribution, allowing application of Student’s t-test.
Categorical data were compared by Chi-square and the
more sensitive Fisher’s exact test, Tor practical purpos-
cs mean values (SE) are given, exceptionally mean and
range. ‘The level of significance of differences was tak-
en as p=0.05. From large matrices (simple correlations),
constructed for unclassified IRCU (SF + SB) and sepa-
rately for SF and SB subsets, interrclations and deter-
minants (multivariate logistic (forward and backward)
regression analysis; MRA) were identified using the
software STATISTICA (Statsoft, Tulsa, OI; USA).

REsULTS
SticTioN 1

Unstratified OM biomarkers in SB and SF subsets of
IRCU

In SB and ST patients the mean values of the five
markers, age and BMI were statistically indistinguish-
able, and so was the mean higher ASFP in SB subset.
BMT of the 154 patients was as follows: overweight
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Table 1. Biomarkers of oxidative metabolism (A — T) in the SB and SF subsets of 154 IRCU male patients. For
other abbreviations and further informations see footnotes and rext.

Code®
A¥ B @ D E
SB:
n’ 75 75 75 65 65
Range of values  159-533 27-315 74-1051 48-548 132-1606
Mean 355 132 312 132 389
Age;y 43.0 (1.9 42.7 (1.9) 42.7 (1.8) 424 (2.0) 42.6 (2.0)
BMI; ke/(m)? 26.5 (0.4) 26.6 (0.4) 26.5 (0.4) 26.6 (0.4) 26.6 (0.4)
ASFP; score 40 (6) 40 (6) 40 (6) 40 (7) 41(7)
SF:
n 79 79 79 52 52
Range of values ~ 217-593 25-345 86-902 28-489 87-1338
Mean 360 131 384 140 390
p-value 0.18 0.24¢ 0.17% 0.32¢ 0.20°
Age:y 40.7 (1.8) 40.4 (1.8) 40.6 (1.8) 42.8(2.2) 42.6 (2.2)
BMI; kg/(m)* 26.1 (0.4) 26.1(0.5) 26.1 (0.4) 26.4 (0.5) 26.3 (0.5)
ASFP; score 35 (5)° 34 (5)° 34 (6)° 32 (6)° 32 (7)°

# Code (substance(s), abbreviation, dimension, median) as follows:
A - Uric acid in plasma, P-UA, uM-I"", 348
B - Malonedialdehyde in urine, U-MDA, nM/2 h, 123
C - Urinary malonedialdehyde/plasma uric acid, U-MDA/P-UA, nM/mM-I", 337
D - Urinary nitrate, U-NIT, uM/2 h, 120
E - Urinary nitrate/plasma uric acid, U-NIT/P-UA, uM/mM-]", 332
b number of patients per marker
“ data are mean (SE)
4. statistical comparison with SB based on logo data
#* in codes A — E the limits of normalcy in 10 healthy male volunteers of the authors’ laboratory are: <420 (A):
<110 (B); <375 (C); <314 (D); <1170 (E).

a-1 R b b-2 c1 c-2
7.0 p =0.002 - 2.0 c =2 3.0 p=0.02 epr =10 26 p =003 p=0.14 7.42
p=004 o E - )
= L 153 = -ggsm X
6.0 = L = 220 - - 24 7.40
E ; 108 & Los 5 E s
e i | i = o T
50 [/ 053 310 |_| [ 0258 § 2 7.38
# b = & - # #
4.0 4 Lo = o 0 L0 0 20 7.36
n 7679 75 79 n 7276 75 79 n 7579 75 79
d-1 d-2 e-1 e-2 f-1 s
: 20
15 p=027 - 300 4.0 p=021 4.0 6.0 p=035 7 B
: - . - i T
= 0 : . ¥ A F15 %
£ 10 200 5 © 20 peorr |20 & B40d ; L 2
.n o 5 B
F s & e £ nl Al
Z 54 1002 T 0 P & S50 ’ % 5 &
3 3—2.5] 1.0 © ] Al | ™ ™
0 0 5.0 2.0 o 4 v4 L0
n 7579 75 79 n 7273 T2 T3 n 7273 30 33

Fig.1. Major characteristics of SB- (hatched bars) vs. SF- (light bars) patients. U: fasting urine; B: fasting blood; FE: renal frac-
tional excretion (conceived as indicator of the capacity of tubules to lose or reclaim UA); for other abbreviations see below and
text. Note that negative DG (HAP, CaOx) by definition mean urine undersaturation (synonymous solubility, i.c. no solid forma-
tion and dissolution of preformed solid (41)). +: sum of urinary UA precursor oxyputine (HX: hypoxanthine; XA: xanthine) ex-
ctetion rates; *: based on log;, data; n: number of patients.

(BM1 >25.0 — 30.0 kg/(m)?) was the dominant seg-  >30.0 kg/(m)?, SB n = 5, SF n = 5), together contrast-
ment (8B n = 51, SF n = 42), normal-weight (BM1  ing with reports on obesity as a major risk factor of
<25.0 kg/(m)% SB n = 19, SF n = 32), obesity (BM1  renal stone formation [42, 43 ].
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SECTION 2

Otber characteristics of SB and S1' subsets

Despite statistically indistinguishable OM biomarkers
(Table 1), SB and SI' subscts differ significantly in sev-
eral regards (Fig. 1; upper row): increase of urinary
pH, concentration of total protein and N-Alb-P, de-
crease of FE-UA and B-HCO;—; only insignificantly
different were (Fig. 1, lower row) U-sodium (Na), U-
volume, U-SS-ITAP, L S5-CaOx, U-SS-UA, summed
excretion of UA precursor oxy, purim:s, and so was

plasma AVP (mean values 5.1 (8B) and 4.5 (SF) pg -

ml-1, respectively).
SECTION 3

Strata Low (1) and Figh (H) of OM biomarkers, systemic
and renal response parameters

Tables 2a and 2b, APP T and II give the data as as-
sociated with the matkers (codes A — E, strata of P-
UA, U-MDA, U-MDA/P-UA, U-NIT, U-NIT/P-UA).
Stratification left unchanged BMI, ASFP and C-Cr (as
crude marker of glomerular filtration rate), contrasting
with change of numerous other parameters.

Code A: The stratum H patients of P-UA exhibited
decrease (p =0.05 vs. 1) of U-volume, U-pH, U-S8S-
HAP, U-N-Alb-P, U-Ca, U-xanthine, U-citrate (Clt)
U-magnesium (Mg), FT UA, FE- th there was in-
crease (p= 0.05 vs. L) of U-88-UA, plasma (P) con-
centration of N-Alb-P.

Code B: The stratum H patients exhibited increase
of age, diastolic (D-) and systolic BP, B-HCO;~ and B-
pH, U-volume, sum of U-sodium (Nz) and U-potassi-
um (K), (Ca/Pi)/Cit, (Cq/Pi)/l\lg — both ratios dis-
cussed as inhibitors respectively promoters of the
transformation of poorly crystallized CaPi to Ca-rich
HAP erystals [20] — U-UA, U-Cit, U-Na, U-K, U-Mg,
P-Mg, FE-UA, FE-Ox, FE-K; rhcle was decrease of
SS-UA, 8§5-CaOx (but not SS-HAP), P-PTH and P-
AVP,

Code C: The stratum H patients often exhibited
changes similar to those mentioned above for the stra-
tum H of U-MDA alone (code B); however, dissimilar
were the borderline only increase of systolic BP, sig-
nificant increase of U-N-Alb-P, U-Ca, U-Pi, U-XA,
FE-Na, FE-Mg,

Code D: The stratum H patients cxhibited increase
of U-volume, urine excretion of summed alkali met-
als, U-(Ca/Pi)/U-Cit, P-Pi concentration and P-Os-
molarity, U-K and U-Mg; there was decreasc of U-8S8-
UA, U-8S-CaOx, U-SS-11AP, U-Ox, P-PTH and P-
Ca/P-Pi ratio.

Code E: The stratum H vs. I. patients also exhibited
changes similar to those obsetved for stratum 1T of U-
NIT alone (code D), with a few important cxceptions:
increase of U-N-Alb-P, U-Pi, U-XA, P-Pi, P-Ox, but
decrease of U-Ca/Pi and this ratio divided by Ca/Pi in
plasma (in Table 2b and the following text denoted
U,/ P,p; there was borderline decrease of U-SS-HAP
and P-PTH.

On the basis of above changes the shaded posi-
tions in Tables 22 and 2b, APP I and II are conceived
as hypothetical frontier ("red line") in IRCU patho-

genesis.
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SECIION 4

Vireguency distribution of SF and SB subsets
A series of parameters was selected from Fig, 1 (U-
pH, B-HCOj;", U-N-Alb-P, FE-UA, but omitting uri-
nary total protein concentrati fon Table 2a (P-UA, U-
volume, D-BP, Uyy/ Py, 103 x (531 \\]1}')’ $)(in the folhmmg
text denoted a5 Uit Pin)s f\PP I (U-Na); stratification
of these parameters according to medians allowed to
identify those parameters that predispose for a shift of
SI' to SB patients (I'able 3). Accordingly, only U-pH
and D-BP (positive), and B-HCO;~ (negative) impqct—
ed significantly upon SB thuenq whereas the im-
pact of P-UA and P-N-Alb-P, U-volume and U-N-
Alb-P was borderline (by Fisher’s exact test); other pa-
rameters, including the rest of OOM biomarkers, U-SS-
CaOx, U-SS-HAP, U-SS-UA (all not listed) did not im-
pact at all (p-values >0.10).

SECTION 5

Simple correfations, MRAs
To examine whether reports urging for change of par-
adigms in this disorder [8, 44-46] ate justified, the fo-
cus of the section was on interdependencies of vari-
ables. I'rom large correlation matrices (mentioned in
Methods d'mptm not shown) and the ranking of para-
meters underlying the SF and SB dmtrlbutlon hcqucn-
cy (see Table 3) several blocks of paired obscrvations
were sclected and appropriate terms coined (see APP
I, columns ST and SB): "Acid—Base", "Blood pres-
sure, Uric acid", "Protein", "Calcium". As regards
block "Calcium", strong ptmtl\t correlations in both
SF and SB. link U,,/U-Cit and U,;/U-Mg to Log
Uy/ Py PTH and 1,25(OH),D also correlated directly
in SB and ST} indicating intact functional axis between
these two parameters; however, in SB, not SF, PTH
was significantly negatively correlated to U-NIT and
U-NI'T/P-UA, and in both SI' and SB the insignificant
correlation of Py and Uy (r = 0.13 and 0.12, p = 0.24
and 0.29, for SE and SB, respectively, not shown in
APP III) suggests dysregulation of extracellular Ca
and Pi homeostasis. Regarding this point, transparency
was improved by relating Log Uy/Py, the ratio felt to
reflect imbalance of Ca and Pi in urine and/or plasma
(Table 2b, code E), to numerical values of Uy, U-8S-
CaQx, U-S§-HAP, U-Na, B-HCO;™ and D-BP (Tig. 2,
panels 1a and 1b to 6a and 6b): In panel 2a and 2b the
vast majority of SI and SB patients clusters below the
value 1.0 of Uy molarity, linked to Log Uy, /Py, via a
curvilinear (log-linear; not shown) relationship; vet
with respect to U-88-CaOx (pancl 1a, 1b) most pa-
tients exhibit positive values, viz cluster within the low
area of metastability, contrasting with U-SS-HAP
(pancl 3a, 3b); furthermore, in SB patients there is loss
of swmﬁc'mcc of positive correlations (U-SS-HAP, U-
Na, B—HCO_{; panels 3b to 5b) and between Log
Uy /Py and D-BP an inverse significant correlation
emerges (panel 6b). Notably, ASFP, U-Na, P-Osmolar-
ity, P-AVP in both subsets of patients failed to corre-
late significantly with any of the variables listed in
APP II1.

According to MRAs, including significant (p =0.05)
correlations from cach of the four blocks in APP 111




Table 2a. General features, ASFP and renal function (Kidney), blood acid-base status (Blood), and urine components (Urine) of the TRCU paticents as found associated with the strata Low

(L) and High (H) of 5 markers of OM; for abbreviations and medians of markers coded A - E see footnotes of Table 1. Data are mean (SE); [ ]: number of observations. For other abbrevia-
tions and further informations sece footnotes and text.

General features Kidney Blood Urine

Code  Markers N* Age BMI Systolic BP Diastolic BP  ASFP  C-Cr** HCO; pH pH Volume Na+K SS-UA SS-CaOx  SS-HAP
Strata kg/(m)® mm Hg mm Hg score  ml/mir mMI' ml mM DG DG DG

A P-UA
L 307(4) 78 43(1)  26.0(0.3) 126(2)[65] 81(1)[65] 33(3) 112(3)  23.6(0.2)  7.40(0.0)  6.23(0.09) 246(18) 21(0.8)  4.50.2)[74]  09(0.1)[74] 3.6(0.3)[74]
H 408(6) 76 40(1) 26.6(0.3)  128(2)[65] 83(1)[65] 41(5) 110(2)  23.3(0.3)  7.40(0.0)  6.02(0.09) 195(15) 20(1.1)  5.3(0.2)[71]  LLO.D[71]  2.2(0.4)[71]
p <0.001 0.11 0.07 0.34 0.22 0.09* 0.23 0.18 0.37 0.04 0.02 0.08 0.002 0.20 0.003

B U-MDA - )
L 89(2) 77 40(1) 26.2(0.3) 124(2)[65] 80(1)[63] 37%(5) 112(2)  23.1(0:3) 7.40(0.0)  6.05(0.09) 162(13) 18(0.7) 5.2(0.2) 1.3(0.1) 3.1(04)
HI7335) 77 43(1) 26.403) 1303)[65]  85(2)[65] 37(3)  1102) 23.9(02) 7.41(0.0) 620(0.09) 280(18) | 23(L1)  4.5(0.2) 0.6(0.1) 2.7(0.3)
p <0.001 0.03 026 0.03 0.01 1032 023 002 0005 013 <0001 0001  0.003 <0.001 0.19

€ U-MDA/P-UA
L 244(7) 77 40(1) 26.3(0.3) 124(2)[63] 81(1)]65] 36(5) 112(2)  23.1(0.3) 7.40(0.0) 6.04(0.09) 151(12) 18(0.7) 5.2(0.2)[74] 1.40.1)[74] 3.1(0.4)[74]
H519(18) 77  43(1) 264(04) 130)[65]  84(1)[65] 373)  110(2)  23.8002) 741(0.0) 621(0.08) 291(18)  23(12) 4.502)[71] 06(0.D[74] 270371
p <0.001 0.11 0.32 0.06 0.05 0.314 0.29 0.02 0.01 0.08 <0.001 0.001 <0.001 <0.001 0.19

D U-NIT
L853) 59 43(1) 264(03) 126(3)[52]  81(2)[52] 38(5)  1093)  23.0003) 74000.0) 6.13(0.10) | 184(16)  19(1.0) | 5.0002)[52] 13(02)[52] 3.5(0.4)52]
H184(11) 58  42(1) 26.5(0.3) 127(3)[48] 83(2)[48] 35(4) 115(3)  23.4(0.2) 740(0.0) 6.20(0.10) 278(22) 22(1.3)  4.5(02)[57] 0.7(0.2)[57]1 2.3(0.4)[57]
p <0.001 043 041 039 0.26 0.31¢ 0.09 0.19 0.41 0.33 <0.001 0.04 0.04 0.004 0.02

E U-NIT/P-UA '
L247(10) 59 41(1) 264(03) 126(3)[54] 81(2)[54] 6(5)  111(3)  23.1(0.1)  7.4000.0) 6.110.109 184(16)  19(0.9) 5.0(02)[53] 1202331  32(04)[53]
H 533(35) 58 44(1)  26.5(0.4) 127(3)[46] 83(2)[46) 37(3) 113(3) 23.3(0.2)  7.40(0.0) 6.23(0.10) 278(22) 21(1.3)  4.4(02)[(56] 0.7(0.2)[56] 2.5(0.4)[S6]
p <0.001 0.13 0.42 0.42 0.22 0.34¢ 0.34 0.37 0.49 0.20 <0.001 0.11 0.03 0.008 0.10

*: Number of patients in strata; **: Creatinine clearance; p (in bold): level of significance <0.05; % based on log data; shaded areas: parameters supposedly participating in
IRCU pathogenesis.
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Table 2b. Additional data (urine, plasma, urine/plasma) from the same IRCU patients as organized in Table 2a. Data are mean (SE).
For further informations see footnotes, Table 2a and text.

110Z ‘g 3sndny

Urine Plasma Urine (U)/ Plasma (P)

Code Markers  N-Alb-P  Ca Pi Ca/Pi (Ca/Pi)/Cit (Ca/Pi)Mg N-Alb-P N-Alb-P PTH Ca Pi Ca/Pi Upn/Py* Upp/Prp**
Strata  mg mM mM mM/mM  /mM 1/mM mg-"! gl pgml’ mMI? mMI! mM/mM

A P-UA
L 84(24)  035(0.02) 1.3(0.07) 040(0.06) 032(0.04) 032(0.03)  40(8)[75] 23.1(0.5) 26(1) 234(0.01) 1.01(0.02) 245(0.04) 0.16(0.02)  1.68(0.3)[75]
H 4.0(0.6)  0.29(0.02) 12(0.09) 0380.05) 0.32(0.06) 032(0.06) 28(3)[73] 24.5(0.5) 28(2) 234(0.01) 1.01(0.02) 245(0.05) 0.16(0.02)  1.19(0.1)[73)
P 0.005* 0.01 0.17 0.37 0.21 0.20 0.16 0.03 0.13 029 0.46 0.50 0.39 0.08¢

B U-MDA -
L 35(06)  031(0.02) 1.18(007) 040(005) 026(0.03)  024003)  32(3)[75] 23405 29(2)  235(001) 1.00(0.02) 249(0.05) 0.16(0.02)  1.42(0.1)[74]
H 89(24)  033(0.02) 1.31(008) 039(0.06) 033(0.07)  040(0.06)  36(8)[73] 24.2(0.5) 25(1)  2.33(0.01) 1.02(0.02) 2.42(0.04) 0.16(0.02)  1.45(0.3)[74]
P 0.001° 0.23 0.11 0.42 0.03° 0.001* 0.14 0.14 0.04 0.21 016 0.13 0.49 0.09*

C U-MDA/P-UA
L 3.5(0.5)  030(0.02) 1.13(0.08) 040(0.05) 026(0.09)  025(0.03)  32(3)[75] 23.7(0.5) 28(1) 2.35(0.01) 1.00(0.02) 2.49(0.04) 0.16(0.02)  1.41(0.1)[74]
H 89(2.4)  035(0.02) 135(0.08) 0390.06) 039(0.04) 0390.06)  36(8)[(73] 23.8(05) 26(1) 233(0.01) 1.02(0.02) 2.42(0.05) 0.16(0.02)  1.46(0.3)[74]
P 0.001° 0.03 0.02 0.42 0.005 0.001° 0.18 0.43 0.12 0.14 0.19 0.14 049 0.16

D U-Nit :
L 68(2.8)  032(0.03) 1.21(0.09) 0390.05) 024(0.03)  028(0.03)  398)[57] 23.9007) 30(2) 2.35(0.02) 097(0.02) 254(0.05) 0.13(0.02)  1.65(0.3)[57)
H 6.7(1.8)  034(0.02) 1.25(0.09) 039%0.06) 043(0.09)  0.39(0.07)  30(7)[56] 23.0(06) 26(2) 233(001) 1.05(0.02) 2350.05) 0.17(0.02)  1.31(0.2)[56]
P 0.10¢ 032 0.37 048 0.02* 007" 0.09° 0.18 0.05 0.12 0.005 0.004 032 0.14°

E U-NivP-UA
L 6.2(2.8)  032(0.03) 1.12(0.09) 047(0.06) 033(0.07)  036(007) 37%8)57] 23.9(0.7) 30(2)  236(0.02) 0.99(0.02) 253(0.05) :0.18(0.02) :1.5%03)[56]
H 74(1.8)  034(0.02) 134(0.09) 031(0.07) 034(0.06) 031(0.04)  33(7)[56] 229(06) 26(1)  232(0.01) 1.04(0.02) 2.36(0.03) :0.14(0.01) ! 1.37(0.2)[57)
p 0.04* 0.30 0.04 0.01 0.19 0.50 0.24 0.14 0.06 0.005 0.04 0.01 1 0.04 1032

¢ based on logjo data; *: denotes Ca/Pi in urine divided by Ca/Pi in plasma: **: denotes 10° x N-Alb-P in urine divided by N-Alb-P in plasma; dashed position (Upn/Pp):
end-point of Ca and Pi metabolism, as modified by change of parameters given as shaded positions (codes E. D, B).
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Fig. 2. Synopsis of variables linking Uy/Py; (synonymous Ca/Pi in urine divided by Ca/Pi in plasma) to urine U-S8-CaOx, U-
Ca/U-Pi, U-SS-HAP, U-Na, B-HICO;", D-BP in SF (@) and SB (0) patients, respectively. In the same order, exeept U-Ca/U-Pi,
the partial regression cocfficients in MRA (beta, followed by p-value) were: SF 0.33, 0.003; 0.21, 0.06; 0.51, <0.001; 0.11, 0.27; -
0.04, 0.71; SB 0.35, 0.009; 0.10, 0.43; 0.22, 0.09; -0.04, 0.75; 0.24, 0.05 (see 'I'able 4, block "Calcium", for outcome Uy /Py and

influcntial variables 1, 3, 4, 5, 6).

Stippled vertical lines: span the range of Log (Uy/Pyy) within which the vast majority of patients clusters (sce panel 2a, 2b).
Dashed horizontal lines: In panel 2a, 2b these indicate that at molarity of urine Ca/Pi £1.0 the majority of patients is exposed to
ab initio present nanosized amorphous and poorly crystallized CaPi [46]; note also that most SF and SB patients exhibit SS-
CaOx values in the low range of supersaturation, by definition meaning that preformed HAP-containing stone nidus (interstitial
plaques) upon their protruding into tubular lumen preferably can be overgrown by amorphous CaPi, then CaOx, and only
thereafter by HAP (see pancls 2a, 2b vs. 1a, 1b and 3a, 3b) explaining why CaOx dominates as stone mineral [6, 84].

(for exceptions see column Remarks) and Fig, 2 (panels
2a, 2b omitted from MRA), the degree of outcome
prediction differed dramatically, depending on whether
SB and SF subsets are considered, or unclassified (SI°
+ SB) IRCU (see Table 4): In SB, the combined impact
of P-PTH, U-NIT and BMT upon P,; (synonymous P-
Ca/P-Pi) was bordetline only significant, whereas in SF
the same variables predicted Py, highly significantly;
also in $B, but not S, D-BP and P-UA were signifi-
cantly modulated by several OM biomarkers and BMI,
respectively; in sharp contrast, in SF, but not SB, the
outcome U-pH was modulated by FE-K, B-HCO5,

IFEi-Na and U-Na, the outcome B-HCO5 by U-pH and
U,; finally, in both SF and SB Pyp and Uyp/Pyp were
roughly equally modulated by 5 and 2 influential vari-
ables, respectively. Collectively, in SF 92% of the varia-
tion of U-pH, B-HCO;, Pyp, Uxp/Pxp, Py can ex-
plain that the tisk of formation of new stone(s) is sup-
pressed, whereas in SB 69% of the variation of D-BP,
P-UA, Py and Uyp/Pyp can explain the risk of new
stone formation (Table 4). Of importance, differences
in outcome modulation as described for SF and SB
subsets would go undetected when unclassified IRCU
(SIF + SB) is studied (I'able 4).
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Table 3. Ranking of frequency distribution of SF and SB patients upon stratification ac-
cording to medians of parameters selected from Fig. 1, Tables 2a, 2b, Appendix TL. U:

urine, B: blood, P: plasma

Parameters*! N LOW#* SE HIGH** SF
SB SB
U-pH* 154 542 (0.07)*** 50 6.57 29 0.00077
5.48 (0.07) 27 6.77 48 0.0006™
B-HCO; * 154 21.7(0.3) 33 25.3(0.3) 46 0.036
21.9(0.2) 44 24.9 (0.2) 31 0.026
D-BP® 130 75 (0.9) 34 91 (2) 31 0.052
69 (1.5) 23 89 (1) 42 0.038
P-UA? 154 307 (5) 45 412 (10) 34 0.076
307 (7) 32 403 (6) 43 0.053
P-N-Alb-p* 154 20.1 (0.04) 34 27.1(0.05) 45 0.108
20.1 (0.04) 42 27.7(0.05) 33 0.074
Log U-Volume' 154 2.0(0.02) 34 249(0.03) 45 0.108
2.0 (0.02) 42 2.50(0.03) 33 0.074
U-Na¥# 154 8.0 (0.3) 36 17.1 (0.9) 43 0.259
82 (0.4) 41 17.3(1.2) 34 0.167
Log FE-UA" 154 0.78 (0.01) 36 099 (0.01) 43 0.259
0.70 (0.03) 41 1.0 (0.02) 34 0.167
Log U-N-Alb-P! 148 1.08 (0.03) 41 1.57(0.03) 35 0.324
1.14 (0.03) 33 1.66 (0:05) 39 0.074
Log Uxp/Prop* 148 -0.30 (0.03) 41 021 (0.03) 35 0413
-0.24 (0.03) 34 0.33 (0.05) 38 0.257
Log (Uy/Py)' 154 -1.23 (0.03) 39 -0.69 (0.04) 40 0.865
-1.19 (0.03) 36 -0.67 (0.04) 39 0.497

*!; Median (range), followed by dimension:
612 (441 - 7.60)

b23.5 (18.0 - 30.6), mM - |
°: 80 (60 — 110), mm Hg
1348 (159 — 593), uM - I”!
€239 (12-43), mg - I'!
1221 (1.78 — 2.86), ml
%154 (2.3 -47.1), mM

b 0.87 (-1.18 - 1.38), %

1 1.34 (0.7-2.6), mg - I

¥ -0.036 (-1.05 — 1.24)

' -0.94 (-1.8 - 0.15)

-9

COMMENTS

Study design and strategy — Proposal of erder of events

Comparing subsets of IRCU, for example patients
with hypercalciuria or normocalciuria with healthy
controls, has a long tradition, but failed to clatify why
stones form even in the absence of risk factors such
as urinary excess of calcium (in the authors’ laboratory
Ca in daily urine is in the range of normals in approx.
two thirds of patients (unpublished data)) and/or
deficit of crystallization and stone inhibitors. On the
other hand, in comparative controlled studies, signs of
tissue inflammation such as elevated serum C-reactive
protein (CRP) were found in overweight patients with
unknown state of kidney stone formation [47], high
CRP together with deficiency of antioxidant vitamins

* 4% below and above medians, respectively:

##k: data are mean values (SE); note that intra-strata
differences were insignificant (p >0.05), except in
parameters ° (Low: SF vs. SB, p=0.001) and

" (Low: SF vs. SB, p = 0.015);

': Total number of patients;

“*: p-value (Chi-square, 1 degree of freedom);

T p-value (Fisher exact, 1-tailed test).

4
'

in IRCU as a whole (SF + SB) [48], elevated CRP in
association with elevation of biomarkers of oxidative
stress in paticnts with moderate kidney diseases [49].
Inflammatory proteins also are components of renal
CaOx [50] and other Ca crystal-containing stones [51],
whereas in present work the moderate rise of U-N-
Alb-P (as putative but crude marker of proteins with
inflammatory and other adverse functions) appears
compatible with impact of stratum High of P-UA, U-
MDA/P-UA, U-NIT/P-UA (Table 2b, codes A-E).
Apparently, rather than controlled studies those aimed
at comparing TRCU subsets exhibiting so far largely
neglected features (for example ROS regulation of
protein in terms of anatomic location, structure and
function, minerals, BP) may set the stage for change of
paradigms in pathogenesis of this disorder [8, 44-46],
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notwithstanding objections that so doing would leave
unclarified those mechanisms underlying the numer-
ous renal and systemic metabolic parameters associat-
ed with formation of first stone.

Tt has been proposed that oxidative stress combined
with nitrative stress (sce below) is a prominent feature
also of chronic diseases other than IRCU [52]. In
IRCU observations on pre-existence and site of origin
of both kinds of stress and interactions to form
stones ate unknown up to now, whereas in calcifica-
tion processes of blood vessels respective reports
abound [35]. Eatlier work described ischemia and mi-
crovascular diseases as causes of renal tubule-intersti-
tial disease [53], identified ischemia and anoxia as abet-

" IRCU area under study (see APP III); *: synonymous P-Ca/P-Pi; ™ : positions in the respective block of APP II1; ®: panels 1 — 6 in Fig. 2;
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tor of renal tissue lipid peroxidation [54] and
in the transplanted kidney as cause of alter-
ation of renal cortical cation composition
[55], as pre-decessor of oxidant/antioxidant
imbalance together with glomerular and in-
tracpithelial tubular CaPi deposition and BP
elevation after infrarenal wvascular grafting
[56]; finally, repair processes of blood vesscl
tissue ("response to vascular injury") were ac-
cused as ROS source [57], and expanding adi-
pose tissue surrounding blood vasculature has
been identified as key player in hypoxia induc-
tion via static narrowing of vessel diameter
[58], subsequent endothelial dysfunction [59],
production of ROS [60] and inflammation
[61]. Thus, ROS excess within kidney, togeth-
er with opposite differentiation of vascular
and bone cells by hydrogen peroxide [62] — a
member of the ROS family of which the OM
marker U-MDA (Table 2a, code B) is a de-
scendant — may facilitate unforced events
such as extracellular matrix vesicle calcifica-
tion |63] via P-Ca and P-Pi dysregulation
(Table 2b, code 1)) and mineral accumulation
at appropriatc ambient P-Ca/P-Pi and pH
[64]. Since ST and SB subsets arc similarly
overweight and OM biomarkers statistically
indistinguishable (Table 1), it is not surprizing
that plaques apparently arise in basolateral
urothelial membranes, interstitial, perivascular
and possibly vascular wall tissue [5, 6, 9, 45].
In IRCU as a whole a decrease of bone min-
cral density has been known for long [65, 66];
both, decrease of bone mineral formation
and increase of bone mineral dissolution car-
ry the risk of pouring extra Ca into blood cit-
culation, in turn seeking dissipation via tubu-
lar fluid and urine or, in the more alkaline ex-
tra-luminal environment, deposition as CaPi
in renal tissues. However, searching for more
details of a ROS-mediated bone-kidney func-
tional axis [67] in IRCU was beyond the scope
of present work.

ROS exccess from hypoxia — Tractor for
distirbances
~ Unless neutralized by antioxidants or treat-
' ment [68], hypoxia-detived ROS excess deteri-
orates cellular ultrastructure and function, reg-
ulation of endothelial function and vascular
tone included [69, 70[. In present work indices of
functional changes arc tentatively marked by the "red
line" that extends from alteration of blood acid-base,
urine protein, Na, diuresis, BP, P-P'TH, to P-Ca and P-
Pi status (sce shaded areas in ‘Tables 2a, 2b, APP T, TI).
Important questions arise, for example: Why is there
failure of U-pH to rise significantly upon exposure of
kidney to high U-MDA and U-MDA/P-UA, why is
there upregulation of D-BP and B-HCO;™ with these
MDA markers (Table 2a, codes B, C) but not with iso-
lated wvariation of P-UA (Table 2a, code A), and why
are these phenomena restricted to SB patients (l'able
4). More specifically: When the TRCU kidney is a target
of ROS emanating from systemic hypoxia, is P-UA an

*: number of paired observations; ** fraction of the outcome model (= 1.0), adjusted for confounders; ***: level of significance of the model;

dashed regions: degree of outcome prediction in SB deviates from SF patients.
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Affluence
« Overnutrition
- Overweight
- Obesity
- xanthine oxidoreductase 1, uricemia
+ Sedentary lifestyle
- Expansion of perivascular adipose tissue
- Nitric oxide production (by vascular endothelium) 4
-U-NIT L

J

Defense ?

Hypoxia (transient or chronic ischemia)

* O, deficit in tissues (within kidney: relative, absolute?) t
- Hypoxia-inducible factor-1T

« Mitochondrial damage ¥
- ROS production 1, mitochondrial Ca 1, D-BP ©
- H*-ATPases { , H* accumulation inside cells T
- ATP regeneration §
- Oxypurine shedding by cells: urinary HX and XA 1
- Cellular Pi efflux: P-Pi 1, P-Ca/P-Pi {

Re-oxygenation (renal, extrarenal tissue)
+ Nitric oxide production 1, U-Nitrate T
+ ROS production by endothelium T, U-MDAT, CRP 1, fibrinogen 1,
P-N-Alb-P ¢, U-N-Alb-P T
+ PON production T
* Urothelial cell defects:
- Ca-sensing ¢
- Minerals inside cells: Pi i, Ca 1, Ca/Pit,Nal ,K!
» Defective parathyroid chief cells:
-P-PTH{ , B-HCO4 1, B-pH t
- Minerals outside cells: P-Pi 1, P-Ca/P-Pi
U-Pi t, U-Ca/U-Pi{, U-Nat, U-K*, U-Volume T
« Extracellular matrix (renal vasculature, interstitium) t

+ Cell transition: from vascular smooth muscle to
mesenchymal and osteoblast-like cells T
+ Vesicle calcification (Ca, Pi uptake), osteopontin

Kidney (stone risk factors; stones)

U /Py (synonymous g'g:jg_ |- Marker of Ca accumulation
outside tubular fluid and urine

* When low: SF patients
SS-CaOx 1, SS-HAP T, B-HCO;" -binding by PON 1,
B-HCO, e, H*- ATPases aclivity 4 , U-pH T, growth of
interstitial CaPi containing plaques T, formation of CaPi
microliths at tubular basolateral cell membranet

+ When high: SB patients
$8-CaOx T, SS-HAP 1, B-HCO, -binding by PONT,
B-HCO, |, H*-ATPases activity {, U-pHT, growth of
interstitial CaPi containing plaques T, CaOx overgrowth
of plaques 1, formation of mixed (CaOx + CaPi) urolithsT

I'ig. 3. Tentative flow scheme of events in IRCU, together facilitating malregula-
tion of mineral, acid-base, BP and protein status, renal interstitial CaPi deposition
(plaques) and Ca stone formaton. BP: blood pressure; B: blood; P: plasma; U:
utine; T, 4, ©: increase, decrease, no change, respectively; ?: Uncertain or un-
kanown, Ior further abbreviations and information see text.

$8$$820.d B1BIpBULIBIUY|

P-UA levels (relative to U-MDA) are
consequence rather than cause of
ROS. 2) From the positive correlation
of urinary precursor oxypurines of UA
synthesis (U-HX, U-XA) with U-pIin
SF and SB subsets (APP TII, block
"Acid-Base"; position 8) defective mi-
tochondrial nucleotide incorporation
into cell-encrgizing ATP and fuelling
of H*-ATPases may be inferred, a
process that in renal tissue is extremely
sensitive to hypoxia |69, 72, 73]; also,
the anatomic organization of renal
vasculature predisposes to damage of
functionally highest developed
medullary nephrons, after all once oxy-
gen supply and metabolic demand are
discordant [74]; luminal membrane
H+*-A'T'Pase activity of ascending loop
[75] may be especially susceptible to
ROS attacks, while in some other
tubular region enzyme activity can
withstand. 3) Subsequent processes
like Ca overload of mitochondria |76],
release of hypoxia-inducible factor
(HIF) [77] and other proteins (CRP,
fibrinogen) [78] reflect hypoxia-in-
duced interruption of mitochondrial
electron transfer and generation of ex-
tra amounts of ROS [79]. 4) The sig-
nificantly higher D-BP in the SF vs. SB
moiety (Table 3, parameter D-BP, stra-
tum Low) would agree both with NO
deficit as fundamental defect in chron-
ic kidney disease [80] and ROS contri-
bution to decreasing dilation and
growing stiffness of arterioles (renal
resistance arteries) [81], viz a process
beginning with mitochondrial dysfunc-
tion [73] that progresses to vascular
tone adaption [79], hypertension [81],
Ca accumulation and CaPi deposition
inside vessel walls [82]. 5) Observa-
tions that P-UA itself is an oxidant and
harbinger of ischemic tissue injury [83]
cannot be reconciled with the insignifi-
cant simple correlation of P-UA and
D-BP in SB subset (APP III, block
"Blood pressure, Uric acid", position
5), and the highly significant direct
correlations of P-UA and D-BP with
BMI in SB and SF (APP IIl, "Blood
pressure, Uric acid", positions 6, 7)
point towards BMI as a major environ-
mental effector of P-UA and D-BP

antioxidant [12[, oxidant [35], or bystander? Plausible
explanations regarding these points are not available,
but a number of telltale hints allow commenting: 1) In
systemic metabolism, encompassing the presence of
oxidants and antioxidants, the antioxidative tissue pro-
tecting actions of P-UA within physiological levels [12]
may be simply overwhelmed by deleterious actions of
ROS [71]; alternatively, primary ROS-mediated net re-
nal loss of UA (APP II, FE-UA) may indicate that low

levels (see also Fig, 3). 6) Contrasting with SF, in SB
the negative correlations of U-NIT/P-UA with PTH,
of U-NIT with PTH, and of U-NIT with Py, (APP 111,
block "Calcium", positions 11, 10, 7) may be token that
NO deficiency [80] or, alternatively, loss of function
principle of NO (nitrative stress; sec below), has addi-
tional ramifications into regulation of P-Ca and P-Pi
(synonymous P,j). Should these interpretations be con-
firmed, then the ROS-damaged but still stone-free
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IRCU kidney first increases the risk for BP clevation
(APP 111, block "Blood pressure, Uric acid", position
3) and then the formation risk of new stone on the ba-
sis of Py; modulation by low U-NIT (APP III, block

"Calcium", position 7)

Py — Integral of ROS-initiated cellular defects?

In Ca stones the dominant component is CaOx, al-
though in smaller stones (<20 mg) the core is CaPi
|84]. However, whether along the nephron and at
which site intratubular U-SS-CaOx dominates over U-
SS-HAP and vice versa is an ongoing matter of con-
troversy [85]. The impressive curvilinear linkage of
U/ Py to Uy, (Fig 2, panels 2a and 2b), a so far unre-
ported phenomenon in IRCU; testifies that a rise of
Uy (synonymous U- Ca/U-Pi) above 1.0 is limited by
growing Py; accordingly, U-Volume-independent pre-
c1p1tat10n of amorphous CaPi [7] should be detectable
in most patients, leaving the possibility that due to U-
Ca excess in a minority of patients CaPi phases such
as Ca-Hydrogen-Phosphate (Brushite; crystallization
starts at Ca/Pi = 1.0) can develop and promote the
transformation to HAP as well as heterogencous
CaOx nucleation by HAP (and its less Ca containing
precursors (for more details see ref. [85, 86, 87]). In
fact, in fasting urine of IRCU males only non-crystal-
lized CaPi ("isotropic" by petrographic microscopy)
particles abound, whereas CaOx crystals are the ex-
ception [21]. In addition, the failure of increasing SS
of both Ca salts to manifest as shift from SF to SB pa-
tients (p >0.10, see Table 3), despite high U-Volume-
mediated low inhibitor concentration (APP III, block
"Calcium", positions 1, 2), argues for an alternative
scenario of formation of new stone(s): it should in-
clude initial tissue damage by ROS (as shown hercin),
followed by deterioration of function of the axis tubu-
lar luminal membrane Ca receptors [88] = parathyroid
gland activity = U-Ca/U-Pi (svnon\ mous Uy, with
the consequences that in this setting decrease of P-
PTH (Table 2b, code B), increase of P-Pi, and de-
crease of P-Ca/P-Pi (Table 2b, codes D, E) emerge as
central events. This interpretation would be in agree-
ment with vascular smooth muscle cell adaption and
release of calcifying vesicles in response to dystegula-
tion of ambient Pi and Ca [63, 89], and the positive (in
healthy normals negative, according to textbooks) cor-
relation of Py with PTH, as seen in SF under condi-
tions of high U-NIT, hence high endothelial NO pro-
duction (APP III, block "Calcium", position 6). Not
surprisingly therefore, in present work U-NIT and U-
MDA are directly correlated (n = 52, r = 049, p
<0.001, and n = 65, t = 0.25, p = 0.05, for SF and SB,
respectively), suggesting that once high U-MDA (ROS
excess; Table 2a, code B) meets high U-NIT' (high NO
production; Table 2a, code D) then peroxynitrate
(PON) is formed [34]; this reaction product of super-
oxide anion (the precursor of hydrogen peroxide) with
NO-derived nitrite and nitrate [33, 34, 35] is highly
toxic to constituents of living cells especially of vascu-
lar endothelium [90], can be reconciled with downreg-
ulation of PTH in presence of high U-MDA and U-
NIT (Table 2b, codes B and D) and, from reasons out-
lined below, with decli ining B- HCO; as strong Ca
stone formation driving force (Table 3).
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Ca stones in siti — Endpoint of one paradox or several?
Irrespective of whether in a given stone CaPi or CaOx
is the dominant mineral, the organic stone matrix con-
tains a myriad of especially inflaimmatory proteins |50,
51] and osteopontin, a phosphorylated multifunctional
protein [91], almost all renal stones are found attached
to preformed plaques [92], plaque apatite and ostco-
pontin are co-localized [93], and mice lacking osteo-
pontin develop CaPi crystals and stones in renal papil-
lae [94]. Surprisingly, neither are components of the
plaques’ [4|organic matrix known, nor do Uy,/Py, and
Uxp/Pyp in present work reflect that the kidney shifts
from SF to SB state (Table 3). Despite, a rather crude
gauge for a bridging role of protein(s) between
plaques and stones may be seen in correlations of pre-
sent work: Although in both SF and SB patients the
degree of wvariation of Pyp as outcome is similar and
significantly predicted (Table 4; block "Protein"), in S
the i impact of U-MDA upon P\p is insignificantly neg-
'mve in 8B significantly positive (APP 111, block "Pro-
tein", position 2); this hitherto unreported paradox
suggcsts that in SB P-NP members are indeed ROS-
modified with respect to structure, function and possi-
bly concentration, and therefore distinct from those in
SE. Thus, a realistic speculation would be that like in
vascular tissue also in plaques of IRCU osteopontin as
modified by oxidation [95] or loss of phosphorylation
[96] is present and able to fill the gap between vascular
and perivascular interstitium, peritubular space and
urothelium, thereby disguising its origin from blood
vasculature. Once this type of plaques protrudes into
tubular lumen, it may serve as nidus for stone forma-
tion |6, 85). Closer insight into upregulation of U-Vol-
ume (Table 2a) is hampered by the inconsistent
changes of plasma osmolarity and AVP in response to
OM biomatker vatiation (APP 1): From positive corre-
lation of U-Volume with U-Na, viz assumed loss of
body fluid due to rise of U-Na (APP III, block "Acid-
Basc", position 6) via prior cell membrane damage and
protein shedding into urine (Table 2b, code B), one
would expect positive correlation of U-Volume and
Uxp/ Prps however, in both SF and SB this correlation
is negative (APP 111, block "Protein", position 6), leav-
ing the possibility that impaired transport of water is
due to initial ROS modulation of trans-membrane Na
or/and water channels [97). Finally, the drive towatd
stonc formation in the presence of declmmg B-
HCO;” (Table 3) but absence of systemic metabolic
acidosis (in normals B-pH is 7.35 — 7.45, B-HCO, 18
— 30 mM -1-1) is interpreted as follows: The equilibri-
um between B-HCO;™ and CO, as dissolved in plasma
functions as important buffer, with HCO;™ being in-
creasingly bound by PON [13], thereby detracting
from B-HCO; levels; the chemistry of PON is com-
plex [13], but the reaction may be facilitated during re-
oxygenation of previously hypoxic tissue, a situation
with the mentioned high production rates of NO and
ROS [34]. Since the power of PON to oxidize cell
membrane proteins and lipids, and numerous other
substances, DNA included, is enormous [13, 34, 98],
maintenance of normal circadian rhythm of plasma
NO and physiological levels of P-UA (acting as PON
scavenger in this setting) has been proposed [99]. Col-
lectively, IRCU pathogenesis in the absence of urinary
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Ca salt SS as stone formation driving force (this work)
proves elusive, meaning that decipherment of factors
such as oxidative and nitrative stress in signalling nct-
work ("Crosstalk between cells") may be key for eluci-
dation at the cellular and molecular level [100]; in this
respect IRCU would resemble calcification of blood
vasculature [63, 101] and other widespread human dis-
eases [102, 103].

CONCLUSIONS

The present IRCU study, otganized in a "bringing the
bedside to the bench" manner, substantiates that, de-
pending on the state of selected OM biomarkers, a
number of Ca stone related parameters of blood, plas-
ma and utine are paradoxically disordered: During eu-
bicarbonatemia (absence of overt metabolic acidosis)
B-HCO;™ and D-BP rise in association with risc of the
lipid-peroxidation markers U-MDA and U-MDA rela-
tive to P-UA, whereas Uy, Py, Uy/Py and P-PTH de-
crease in association with rise of the NO-detived
markers U-NIT and U-NIT relative to P-UA. Stone
neoformation appears mainly driven by interaction of
oxidative (high U-MDA and U-MDA/P-UA) and ni-
trative (high U-NIT and U-NIT/P-UA) stress, pre-
sumably leading to lowering of B-HCOj;™ via binding
to a so far neglected metabolic intermediate. Although
observed data need confirmation by controlled stud-
ies, a tentative view of events (Fig. 3) gives the impres-
sion that IRCU is best conceived as a defense process
against affluent lifestyle-introduced consequences for
renal tissues, blood and urine constituents. Further in-
tense research into mechanisms underlying OM-mod-
ulation of acid-base status, mineral and protein home-
ostasis, and dynamics of blood vasculature is justified.
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APPENDICES I-111

I. Complementary data of urine (Fig. 1, f-2; Table 2a) and plasma (Table 2b). For other informations see there.

Urine Plasma

Code Markers HX XA UA Ox Cit Na K Mg Mg Ox AVP Osmolarity 1.25(0H),D
Strata uM uM uM uM mM mM mM mM mM-I™ nyse pgml” mOsm-|” pgml”

A P-UA
L 12.4(0.9)[29] 73(0.6)[29] 378(12) 24(3)  031(0.02) 13(1)  8§0.3)  0280.01)  0.850.01) 1.74(0.08)[25] 4.7(0.5)[26]  294(1.2)[26]  52(2)[74]
H 11.3(0.7)[34] 540.6)[34] 404(18) 21(1)  027(0.01) 12(1)  §03)  0.14(0.01)  0.850.01) 1.63(0.10)[27] 48(0.5)[31]  296(0.3)[29]  56(2)[72]
p 0.15 0.005" 0.12 0.18 0.04 0.10 0.12 0.02 032 0.19 0.43 0.08 0.13

B U-MDA
1; 12.1(0.9)[27] 59(0.7[27] 351(13) 24(3)  026(0.01) 11(1)  7(03)  0.24(0.01)  0.85(0.00) 1.69(0.11)[22] 5.6(06)[24]  296(1.2)[25]  354(2)[76]
H 11.7(0.7)[36] 6.6(0.5)[36] 430(16) 21(1) 0.31(0.01) = 14(1) 9(0.3) 0.27(0.01) 0.86(0.01) 1.69(0.08)[30] 4.2(0.3)[33] 295(1.0)[30] 34(2)[70]
P 0.32 021 <0.001  0.16 0.009 0.001 0.001 0.04 0.04 0.49 0.01 0.28 0.40

& U-MDA/P-UA
L 11.0(0.7)[31] 4905311 361(13) 24(3)  026(0.01) 11(1)  7(0.3)  023(0.01)  0.84(0.00) 1.56(008)[24] 5.0(0.6)[27]  296(1.1)[27]  S3(2)74]
H 12.6(0.9)[32] 77006)[32]  421(17) 21(1)  0.32(0.02) 15(1)  9(0.3)  029(0.01)  0.86(0.01) 1.79(0.09)[28] 42(03)[30]  295(1.1)[28]  55(2)[72]
p 0.09 <0.001 0.002 0.16 0.001 0.001 0.001 0.001 0.02 0.04 0.02 0.19 0.17

D U-NIT
L 11.4(0.9)[18] 6A0.8)[18]  374(15) 26(4)  029(0.02) 12(1)  7(04)  024(0.01)  0.85(0.01) 1.650.11)[19] S5000.8)[17]  293(1.4)[20]  56(3)[57]
H 12.2(0.8)[27] 6.7(0.6)[27] 404(22) 21(1) 0.30(0.02) 13(1) 8(0.4) 0.28(0.02) 0.86(0.01) 1.65(0.09)[27] 4.6(0.4)[25] 297(0.9)[25] 53(2)[55]
p 0.26 0.38 0.13 0.04 0.34 0.07 0.02 0.02 0.20 0.49 0.30 0.02 021

E U-NIT/P-UA &
L 11.2(00.9)[17] SSO9[17]  384(22) 26(4)  029(0.02) 12(1)  12(0.7)  023(0.01)  0.85(0.01) 147(0.09)[18] 4.80.7[17]  294(1.6)19]  55(3)[57]
H 12.3(0.8)[28] 7.2(0.6)[28] 394(19) 21(1) 0.29(0.02) 13(1) 8(0.4) 0.29(0.02) 0.86(0.01) 1.77(0.09)[28] 4.7(0.5)[25] 296(0.8)[26] 53(2)[55]
p 0.20 0.05 0.35 0.04 0.37 0.10 0.19 0.005 0.10 0.02 0.43 0.19 0.31

Shaded areas: parameters supposedly participating in IRCU pathogenesis (see also APP 11I).
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II. Renal fractional excretion (FE) of substances selected from Tables 2a, 2b, APPENDIX I. For other
informations see there.

Code  Markers FE-UA FE-Ox  FE-Cit FE-Ca  FE-Pi FE-Na FE-K FE-Mg
Strata % % % % % % % %

A P-UA
Iy 84(03)  115(11) 23(2) 16(0.1) 85(0.5)  0.67(0.04) 13.2(0.6) 2.8(0.1)
H 7.4(04)  104(8)  18(2) 1.5(0.1) 9.0(0.6)  0.64(0.04) 13.7(0.7) 2.7(0.2)
p 0.006* 0.20 0.05 0.11 0.25 0.34 0.28 0.38

B U-MDA
L 7.5(03)  95(10)  20(2) 16(0.1) 84(0.5)  0.61(0.04) 12.5(0.6) 2.7(0.1)
H 83(04) 120(9) 21(2) 1L6(0.1) 9.0(0.5)  0.70(0.04) 143(0.7) 2.8(0.2)
p 0.05 0.02¢ 0.34 0.42 0.20 0.06 0.02 0.22

(6 U-MDA/P-UA . )
i 72(03) 1039 19(2) 15(0.1) 84(0.5) | 0.60(0.04) 125(0.6) 2.6(0.1)
H 86(04)  115(10) 22(2) 1.6(0.1) 9.0(0.5) 0.70(0:04) 143(0.6) 2.9(0.1)
P 0.002 0.20 0.14 0.23 0.22 0.04 0.002 0.05

D U-NIT
L 8.1(04) 107(12) 24(3) 1.6(0.1) 8.6(0.6) 0.62(0.04) 13.1(0.7) 2.6(0.2)
H 7.5(0.4) 11459) 20(2) 15(0.1) 89(0.6)  0.63(0.04) 13.4(0.7) 2.7(0.2)
P 0.14 0.28 0.12 0.18 0.34 0.43 0.40 0.38

E U-NIT/P-UA
I 7905  111(11) 22(3) 16(0.1) 86(0.6)  0.63(0.04) 13.6(0.7) 2.6(0.2)
H 77(03)  112(9)  21(2) 15(0.1) 89(0.5)  0.63(0.05) 12.9(0.7) 2.8(0.2)
p 0.35 0.47¢ 0.38 0.23 0.39 0.48 0.73 0.26

Shaded areas: parameters supposedly participating in IRCU pathogenesis (see also APP I11).
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11I. Simple correlation of 33 paired observations and components of MRA; *: For abbreviations and dimensions see Tables 1, 2a, 2b, APP I, II; **: IRCU area considered; ":
coefficient and pertinent p-value in SF and SB, respectively; **: partial coefficient and pertinent p-value of positions included in MRA (see Table 4); *: correlation based on

logm data.
Variables* SF SB

Posi- Blocks** Influential Dependent n i p' beta” p n o p beta”™ p" Remarks
tions
1 FE-Na U-pH 79 0.22 0.05 -0.12 0.38 75 0.12 0.31 -0.004 0.98
2 FE-K U-pH 7 0.32 0.005 0.32 0.01 55 0.19 0.11 0.19 0.27
3 B-pH U-pH 79 0.28 0.01 75 0.01 0.93
4 "Acid- B-HCO; U-pH 79 0.38 0.001 0.36 <0.001 75 0.09 0.94 -0.06 0.64
5 Base" B-HCO; Uwm 79 0.28 0.01 0.09 0.45 75 0.07 0.55 -0.23 0.07
6 U-Na* U-Volume® 79 0.49 <0.001 0.35 <0.001 75 0.58 <0.001 0.04 0.80
T FE-Na U-Volume® 79 0.31 0.006 79 0.31 0.001
8 (U-HX + U-XA)*  U-pH 33 0.44 0.01 30 0.36 0.05 a
1 SS-CaOx D-BP 61 -0.31 0.01 62 -0.15 0.24
2 U-MDA*® D-BP 65 0.29 0.02 0.27 0.12 65 0.16 0.21 -0.12 0.31
3 "Blood P-PTH D-BP 64 0.27 0.03 63 0.17 0.20
4 pressure, U-NIT* FE-UA* 52 -0.29 0.03 0.02 0.90 65 0.04 0.77 0.08 0.50
5 Uric acid" P-UA D-BP 65 0.26 0.04 65 0.04 0.60
6 BMI D-BP 65 0.25 0.05 0.13 0.41 65 0.47 <0.001 0.48 <0.001
7 BMI P-UA 79 0.29 0.01 -0.29 0.05 75 0.26 0.02 -0.40 <0.001
1 U-NIT* Pap 32 -0.31 0.02 -0.33 0.34 65 0.02 0.88 -0.53 0.07
) U-MDA* ' Pxp 79 -0.13 0.25 -0.79 0.07 75 0.31 0.007 1.15 0.004
3 (U-NIT/ P-UA)* Pap 52 -0.38 0.005 -0.01 0.97 65 -0.03 0.80 0.45 0.13 b
4 "Protein" (U-MDA/ P-UAY  Pyp 79 -0.26 0.02 -0.91 0,04 75 0.22 0.06 -1.02 0.02 c
5 P-UA Pyp 76 0.38 0.001 -0.23 0.04 72 0.12 0.32 -0.15 0.19
6 (Unp/Prp) U-Volume ) -0.26 0.02 0.27 0.10 73 -0.30 0.01 -0.34 0.004
1 (Un/Pu)* Uw/(U-Cit)* 78 0.71 <0.001 0.49 <0.001 75 0.71 <0.001 0.63 <0.001 d
2 (Upn/Pp)* Un/(U-Mg)* 79 0.71 <0.001 0.41 <0.001 75 0.63 <0.001 0.19 0.26 d
3 (Un/P)* U-pH 79 0.25 0.02 -0.07 0.40 75 -0.27 0.02 -0.20 0.01
4 "Calcium”  (Upn/Pn)* (U-Na + U-K)* 79 0.41 <0.001 -0.03 0.77 75 0.06 0.60 -0.22 0.01
5 (Upn/Pr)* (Unp/Pyp)" 76 -0.002  0.99 -0.23 0.007 72 -0.02 0.87 0.15 0.08
6 P-PTH Pu 77 0.32 0.004 0.43 0.002 72 0.05 0.69 -0.02 091
T U-NIT™ Py 52 -0.09 0.51 -0.10 0.44 65 -0.34 0.005 -0.33 0.01
8 BMI Py 79 0.26 0.02 0.18 0.18 75 -0.08 0.52 -0.09 0.49
9 BMI U-HX" 33 0.41 0.02 30 -0.29 0.12 a
10 U-NIT* P-PTH 50 -0.05 0.71 63 -0.33 0.009 e
11 (U-NIT/P-UA) P-PTH 50 -0.08 0.60 63 -0.39 0.002 e
12 P-PTH 1.25(OH).D 73 0.27 0.02 68 0.25 0.04 e

a: position not included in MRA (low number of observations detracts from power o statistical testing); b. c: in SF patients a role of P-UA as antioxidant appears indeterminate;

d: positions appear modified by U-volume (see position 6 in block Protein) but were included in MRA( e: positions not included in MRA

99¢

HDUVASHYE TVIIAIN 40 TVNYNO[ NVIdO¥NT

1102 ‘g 1sndny




	Abstract
	OM biomarkers
	INTRODUCTION
	MATERIAL AND METHODS

	PATIENTS
	CLINICAL LABORATORY PROGRAM
	OM BIOMARKERS
	STUDY DESIGN

	ANALYSES, CALCULATIONS, STATISTICS


	RESULTS

	SECTION 1 
	SECTION 2

	SECTION 3
	SECTION 4

	SECTION 5


	COMMENTS

	Study design and strategy- Proposal of order of events
	ROS excess from hyposia - Tractor for disturbances
	PM - Integral o/ ROS-initiated cellular defects?

	CONCLUSIONS

	REFERENCES




