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Abstract

Background In the North Central Province of Sri Lanka,
chronic kidney disease of uncertain etiology (CKDue) has
increased markedly over the past 15D20 years.

Methods From around 4,700 patients who were followed
up, 106 affected patients who visited two local clinics in
the endemic area for CKDue on August 10, 2009 and 10
pedigrees of 10 of these cases with familial clustering of
CKDue participated in this study. Unne samples, collected
from affected patients (n = 106), unaffected relative
controls (n = 81), and Japanese controls (n = 50), were
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analyzed for two tubular markers: al-microglobulin and
/V-acetyl-/?-D-glucosaminidase. Urine samples from
patients with CKDue stages 1D4 ft = 101) and all the
samples from unaffected relatives and Japanese controls
were analyzed for urinary cadmium concentration

Results Urinary excretion of al-microglobulin was ele-
vated even in the earliest stage of CKDue compared with
its levels in unaffected relative controls. Urinary excretion
of /V-acetyl-jJ-D-glucosaminidase was elevated only in
stage 5. In contrast, urinary cadmium excretion was similar
in CKDue patients and in the unaffected relative controls,
and levels in both these groups were significantly lower
than the level in the Japanese controls. All levels were
below the threshold level for renal toxicity, indicating the
absence of any evidence of cadmium toxicity.

The present study indicates that renal tubu-
lar damage occurs in the very early stage of CKDue
and demonstrates the existence of familial clustering,
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suggesting that CKDue is likely to be the outcome of
exposure to an unknown nephrotoxin in susceptible sub-
jects in the endemic region.

Keywords <xlI-Microglobulin/VV-acetyl-/?- a-
glucosaminidase-Chronic kidney disease of uncertain
etiology-Urine Sri Lanka

Introduction

The North Central Province (NCP) in the dry zone of Sri
Lanka has a total land area of 10,472 km2 and is occupied
by about 1.1 million people [1], The prevalence of an
endemic condition of chronic kidney disease (CKD) has
dramatically increased over the past 15 years, affecting the
low socioeconomic level farming community in the NCP
[2D5]. Recently, the disease has also been identified in two
neighboring provinces, North Western Province and Uva
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Province (Fig.l). Because young farmers are the vulner-
able community, CKD has a huge negative impact on the
economic and social development of the region. Further-
more, CKD requires long-term care and its treatment is a
substantial burden on the healthcare system [6],

The causes of CKD are many, including diabetes, hyper-
tension, chronic glomerulonephritis, tubulointerstitial fibro-
sis, and exposure to nephrotoxins such as cadmium or
aristolochic acid [7]. However, CKD in the NCP is not
associated with any identifiable predisposing factors. It is
characterized by proteinuria and a low glomerular filtration
rate (GFR) resulting in end-stage renal disease. Although
several studies have been carried out and the involvement of
environmental and/or genetic factors has been strongly sug-
gested [6], the etiology of CKD in this region remains elusive;
hence its name, CKD of uncertain etiology (CKDue).

Recently, Bandara and co-workers [4, 5] reported that
intensive exposure to cadmium occurred in patients with
CKDue. However, such intensive exposure was not con-
firmed by other ecological investigations [8] and the
pathogenesis of CKDue remains unresolved.

The urinary tubular markers al-microglobulin (AIM)
and (V-acetyl-/?-D-glucosaminidase (NAG) are sensitive
exposure markers in cadmium-polluted and non-polluted
areas [9,10]. These renal tubular markers have never been
evaluated in CKDue patients. They may, however, provide
insights into the possible etiology and pathogenesis of
CKDue. We conducted a preliminary study to evaluate
renal tubular function in the CKDue population and in
unaffected relatives in the NCP and to investigate whether
cadmium might play a role in the pathogenesis of CKDue.

The investigation revealed both that renal tubular dam-
age occurred at the very early stage of CKDue and that
there was familial clustering. Further, it was confirmed that
CKDue is not a cadmium induced nephropathy.

Subjects, materials, and methods

Ethical statement

Ethical approval for the study was obtained both from
Kyoto University Graduate School of Medicine, Kyoto,
Japan and the University of Peradeniya, Sri Lanka. All
clinical records and biological samples were obtained after
informed consent was received from the subjects,, and
investigations were carried out in accordance with the
Helsinki Declaration.

Study population

The Medawachchiya and Girandurukotte Divisional Sec-
retariats, known as areas with a high prevalence of CKDue,
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were selected for the study (Fig.1 ) [3]. The total popula-
tion in Medawachchiya was 48,451 and in GiranduruKkotte
it was 37,470 [1]. Because of the increasing number of
admissions of patients with CKDue to the local renal units,
population screening in these endemic areas, using pro-
teinuria, was started in 2003. House-to-house screening
using dipstick proteinuria was carried out by trained public
health midwives. Early moming samples of the urine of all
household members above 5 years of age (except for
menstruating females) were checked on three occasions,
with an interval of 1 week between consecutive samples.
Subjects with proteinuria on two Or more occasions were
defined as CKDue patients and were referred to renal
clinics for further confirmatory investigations and follow-
up. According to the screening program, the prevalence
of CKDue was 3.7% in Medawachchiya and 3.9% in
Girandurukotte.

CKDue patients

Currently, around 2,500 CKDue patients at Medawachchiya
renal clinic and around 2,200 CKDue patients at Gira-
ndurukotte renal clinic (Fig.1), who were diagnosed by the
screening program from 2003, are being regularly followed
up. Of these patients, 63 from Medawachchiya renal clinic
and 43 patients from Girandurukotte renal clinic who
attended these clinics on August 10, 2009 joined the study.
Demographic data and clinical and family history were
obtained by face-to-face interviews using a structured
questionnaire and from the hospital-based medical records.
Patients were categorized into five stages (hereafter referred
to as CKDue stages) following the National Kidney Foun-
dation Kidney Disease Outcome Quality Initiative guide-
lines [11] and based on the latest glomerular filtration rate
(GFR). The modified diet in renal disease (MDRD) formula
[GFR (m/min/1.73 m?)= 186 x Scr™"'** x(Age) 7 x
(0.742 if female)x(1.212 if African American)] using
Serum creatinine (Scr) levels was used to estimate GFR
[12]. Glomerular filtration is considered to be the best
estimate of kidney function. In most healthy people, the
GFR is 90 ml/min/1.73 m* or higher. However, people
with GFRs of>90 ml/min/{.73 m 2, but with evidence of
kidney damage, were included in the patients with stage |
CKD. Patients with GFRs in the ranges 60D89, 30D59, and
1529 ml/min/1.73 nf were assigned to stages 2, 3, and 4,
respectively, and when the GFR was <15 ml/min/1.73 m?
the patients were considered to be stage 5 [11].

Unaffected relatives as controls

We invited unaffected first- to third-generation blood rel-
atives of the patients, who reside in the same communities

in Medawachchiya and Girandurukotte, to join our control
group.

Japanese controls

Urine samples from 50 members of the Japanese general
population with no specific morbidity were donated by the
Kyoto Human Specimen Bank [13,i4]. The samples were
collected in Kyoto city from apparently healthy individuals
residing in areas with no particular cadmium exposure.

Urine sample collection, transportation, and storage

Spot urine samples from CKDue patients and their unaf-
fected relatives were stored in ice immediately after col-
lection and brought to the University of Peradeniya, where
they were stored at—10°C. The frozen urine samples were
put into dry ice and transported to Japan where they were
stored in the Kyoto Human Specimen Bank at—30°C until
they were analyzed. The Japanese urine samples were
stored at—30°C, 4 h after collection.

Analytical methods

All the urine samples from CKDue patients, relative con-
trols, and Japanese controls were analyzed for two tubular
biomarkers; AIM and NAG. f2-microglobulin was not
analyzed because it shows lower stability than AIM. Uri-
nary cadmium analysis was done for all the urine samples,
except for the five samples collected from CKDue stage 5
patients. Urinary AIM, NAG. cadmium, and creatinine
concentrations were measured at Special Reference Labo-
ratories Incorporated in Tokyo, Japan. Unnary AIM was
determined by latex agglutination immunoassays and uri-
nary NAG concentrations were estimated by calornimetric
assay. An enzymatic assay using creatinine amidohydro-
lase was used to determine urinary creatinine concentra-
tions. Unnary cadmium concentration was measured with a
Z-8100 graphite furnace atomic absorption spectropho-
tometer (Hitachi High-Technologies Corporation, Tokyo.
Japan). The spectrophotometer is a single-beam instrument
equipped with a deuterium lamp for background correction.
Distilled and de-ionized water was used to prepare all the
standards and matrix solutions. The matrix solutions,
NH4NO;, NH4F, and (NH4);HPQO,, at concentrations of
10 g/1, were treated with ammonium pyrrolidine dithio-
carbamate as the complexing agent and extracted with
methyl isobutyl ketone. For urinary cadmium analysis, the
spectrophotometer slit width was set at 320um and the
wavelength was 228.8 nm. The peak height was measured
and digitally recorded. The flameless sampler was used at
atmospheric pressure, and argon was the purge gas, with a
gas flow of 20 standard cubic foot per hour (SCFH;
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1 SCFH=0.47 I/h). The minimum detectable limit was
0.4pg/.

Statistical analysis

The results are expressed as means (with arithmetic stan-
dard deviation), medians, ranges, and percentages. Figures
are graphically displayed as box and whisker plots. Dif-
ferences of P<0.05 were considered to be statistically
significant. A comparison of the excretion of AIM and
NAG between CKDue cases and the controls (Sri Lankan
and Japanese) and between different CKDue stages (stage 1
to stage 5) was made by the analysis of variance (ANOVA)
test. If the ANOVA results were significant, then the Stu-

dentbNewmanbKeuls (SNK) multiple range test was car-

ried out. Various combinations of AIM and NAG levels
and the ages of the patients at different CKDue stages were
further analyzed using Spearmants rank correlation coef-
ficients. The levels of the two tubular markers in the two
control groups (Sn Lankan and Japanese) were compared
using Welchtst-test for unequal variance. Differences were
further checked by the SNK multiple range test.

All statistical procedures were performed using SAS
version 9.1 (supplied by the SAS Institute, Cary, NC, USA).

Results and discussion

Demographic characteristics of the patients
and pedigrees

The gender and clinical stage distributions of the patients
are shown in Tablel. Of the 106 patients, 5 patients from
the Medawachchiya clinic and 5 from the Girandurukotte
clinic exhibited familial clustering of CKDue. Eighty-
seven blood relatives (28 in Medawachchiya and 59 in
Girandurukotte), who had previously undergone screening
and had tested negative for CKDue, were retested for
proteinuria in August 2009. Of these 87 individuals, 81 (26
in Medawachchiya and 55 in Girandurukotte) were con-
firmed as negative and were recruited as unaffected relative
controls. The age and gender of the relative controls in
individual pedigrees are summarized in Table2, and the
pedigrees are illustrated in Fig.2.

Although rigorous genetic analysis was impossible, the
pattern of CKDue does not support the notion of a single
gene disease. For the typical autosomal dominant mode,
the expected penetrance is 50%, much higher than was
observed. In several families there were more than two
generations with unaffected parents; thus, the pattern does
not support the autosomal recessive mode either. In addi-
tion, male-to-male transmission was found in several
pedigrees, and so an X-linked mode of inheritance could be
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rejected. In several pedigrees, CKDue was transmitted
from both the maternal and the paternal sides, suggesting
that there might be susceptible polymorphisms with rela-
tively large allele frequencies. The penetrance of CKDue is
age-dependent and patients are limited to mostly the first
and second generations within three-generation families.
Inheritance patterns matched those of multifactorial dis-
eases with a high phenocopy prevalence [15].

Urinary AIM and NAG concentrations

We analyzed AIM and NAG concentrations in urine
samples from CKDue patients in all five CKDue stages
(n=106), from the relative controls (n=81), and from
the set of people from Japan who served as non-endemic
controls (n=50). To account for variations in urine con-
centrations among individuals, all concentrations were
expressed in units per gram urinary creatinine excretion.
Tentative cut-off values (5 mg/g creatinine for AIM, and
3.5 U/g creatinine for NAG) for screening were set based
on previous publications so that even early stages of renal
tubular damage could be identified [9,16D21].

Tablel shows the urinary concentrations of the two
tubular markers in the CKDue patients at different clinical
stages, in the relative controls, and in the Japanese controls.

Compared with the relative controls, AIM excretion was
significantly higher in CKDue stage 1 (P<0.05) and
steadily increased through the early stages 1D3 (Tablel
and Fig.3). However, the difference in NAG excretion was
found to be significant only in stage 5 (Tablel), indicating
that excretion of NAG was elevated only in the late stages
of the disease. In contrast, A1M excretion was significantly
higher in CKDue patients from the onset of the disease.
There was no significant difference in the excretion pat-
terns of the two tubular markers between the relative
controls and the Japanese controls. Because the relative
controls were significantly younger than the Japanese
controls, for comparison we excluded all members of the
control groups who were below the age of 20 years. Even
after the correction for age, the excretion of AIM and NAG
in the relative controls was very similar to their excretion
in the Japanese controls (P> 0.05) (Table3).

We further analyzed various combinations of age, A1M,
NAG, and CKDue stages using Spearmants rank correlation
coefficient (p) (Table4). AIM had a stronger correlation
with CKDue stage than did NAG. The analysis showed that
the age of the CKDue patients was positively correlated with
CKDue clinical stage (p=0.74;P <0.0001).

Urinary excretion of cadmium

Urine samples from CKDue patients in CKDue stages 1D4
(n=101), and from relative (n=81) and Japanese
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Table 2 Demographic data for

the CKDue families that Study area Family ID Total number screened Mean age, Dipstick Dipstick
participated in the study Male Female Toal years (ASD) proteinuria (+) proteinuria (—)
Girandurukotte Gl 7 13 20 18 (14) 0 20
G2 5 3 8 22 (14) 0 8
G3 1 6 17 23 (20) 2 15
G4 2 3 5 38 (17) 2 3
G5 5 4 9 21 (14) 0 9
Medawachchiya Ml 3 5 8 22 (15) 1 7
M2 0 6 6 26 (17) 0 6
Family members who tested M3 3 l 4 29 30) 0 4
negative for dipstick proteinuria M4 3 6 9 22 (14) 0 9
Sudy 25 unaffected relaie. " s ow e ‘ X
controls Total 39 48 87 6 81

controls (n=50) were analyzed for cadmium concentra-
tion, which was expressed as units per gram urinary cre-
atinine excretion (TableS). CKDue stage 5 patients were
not considered in this analysis, because when the renal
tubular system is damaged urinary cadmium cannot be
used as a reliable predictor of cadmium body burden or
renal accumulation [9].

All CKDue stages and relative controls had remarkably
lower cadmium excretion levels in urine compared with the
Japanese controls, replicating the results we had obtained
in our previous preliminary investigations [8]. When the
CKDue patients and the relative controls were compared,
there was no significant difference in urinary cadmium
excretion between the two groups that reside in the same
residential area (P=0.94) However, Japanese (non-
endemic) controls had significantly higher cadmium
excretion in urine than the relative (endemic) controls
(P <0.0001). We did not observe a significant correlation
between urinary cadmium excretion and tubular biomark-
ers in our study population (Table4).

This investigation found that elevations of urinary
excretion of A1M were discernible in CKDue patients in
the earliest stage when compared with findings in the rel-
ative controls residing in the same geographical region or
with the findings in the Japanese controls. As indicated by
the excretion pattern of the tubular marker in the CKDue
patients, tubular damage clearly occurs early in the disease
process and progresses as the disease advances. QOur
investigations also showed that cadmium exposure in the
endemic region was almost negligible, confirming earlier
findings that cadmium is unlikely to be associated with
CKDue pathogenesis [8].

We also confirmed familial clustering in 10 pedigrees.
The inheritance patterns do not suggest a single gene dis-
ease but look more like the patterns associated with mul-
tifactorial diseases. Populations with both susceptibility
genes and environmental factors may be predisposed to

@ Springer

CKDue. Further study is warranted to investigate CKDue
from the viewpoint of both susceptibility genes and envi-
ronmental factors.

AlM is a 27-kDa glycoprotein produced by the liver
[22] and is a sensitive marker for proximal tubular damage
[23]. Nephrotoxic substances that damage the tubules are
known to elevate the urinary ‘excretion of AIM. These
toxic substances include heavy metals such as cadmium
(9], mercury [24], and lead [25], as well as drugs such as
aminoglycosides, cyclosporine, and analgesics [26]. It is of
particular interest that AIM is also elevated in Balkan
endemic nephropathy (BEN) [27].

BEN is an endemic nephropathy similar to CKDue that
occurs only 1n certain endemic rural foci along tributaries
of the River Danube in the Balkan countries of Bosnia,
Bulgaria, Croatia, Romania, and Serbia. The etiology of
BEN is still uncertain [28], but the evidence supports the
conclusion that the chronic interstial nephritis in BEN is
the combined result of environmental and genetic factors
[28,29]. Similarly, CKDue is more likely to be a multi-
factorial disease rather than having a single cause. The
familial clustering of CKDue patients (Fig.2) and the high
prevalence of the disease in low socioeconomic level
farming communities also suggest a complex interplay
between genetic and environmental factors that ultimately
affect the clinical outcome [30].

In the present study, we found no evidence to support
the reports of Bandara et al. (4, 5], because we did not
detect any significant change in any of the tubular
markers in the unaffected blood relative controls. Indeed,
the urinary cadmium concentrations in the CKDue
patients and their relatives were significantly lower than
the cadmium concentrations in the apparently healthy
Japanese controls from a cadmium non-polluted area.
These observations suggest that the exposure levels, if
any, of cadmium in the population in the CKDue endemic
areas are not intense.
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Fig. 2 Pedigrees of the families
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The present study has several limitations. The patients,
unaffected relatives, and the Japanese controls were not
age- or sex-matched and the screening was limited to only
two renal markers. Furthermore, because of the small
number of participants and the resultant low statistical
power, the possibility of false-negative results cannot be
excluded. Future investigations will focus on the elucida-
tion of the pathological process in the renal tubular cells
and the underlying etiological factor/s.

55,,[ 49,,' 45)](1 50y~ 47 d37y 39y
6y
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Conclusions

We conclude that, in CKDue, renal tubular damage is
initiated at an early stage of the pathological process and
progresses as the disease advances. This study has revealed
the real possibility of the existence of a renal tubular toxin
other than cadmium in this endemic region of the North
Central Province of Sri Lanka. In addition, familial clus-
tering strongly suggests the presence of susceptibility
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Fig. 3 Urinary excretion ofxl-microglobulin (A/M) in the endemic
relative controls and patients in the early stages of CKDue. Filled
circlesindicate the A1M values of individual patients/controls,open

circles indicate the geometric means for CKDue stages 1-3. The
upper and lower error bars show the first and third quartiles for
CKDue stages 1-3. CKDue chronic kidney disease of uncertain
etiology,Crcreatinine

Table 3 Comparisons of urinary AIM and NAG concentrations in
relative controls and Japanese controls after the exclusion of younger
individuals (<20 years)

Category Sample AIM (mg/g Cr) NAG (U/g Cr)
number GM (GSD) GM (GSD)

Relative controls 33 0.42 (5.78)¢ 0.62 (4.59)8

Japanese controls 50 0.62 (6.05)° 0.94 (4.38)®

AIM a,-microglobulin, NAG N-acetyl-f-p-glucosaminidase, GM
geometric mean.GSDgeometric standard deviation,Crcreatinine

The letters ®€ following GSD values refer to the StudentbNewmanb
Keuls grouping (if a common superscript letter is not shared then

there is a significant difference in the GM for that particular tubular

marker)

Table 4 Correlations between tubular markers, CKDue stages (1DS),
age. and urinary cadmium concentration in CKDue patients and
unaffected relative controls

Combination of variables Spearmanis rank Pvalue
correlation
coefficient (p)

AIMDNAG (n=187) 0.59 <0.0001
AIMDCKDue stage (n=187) 0.78 <0.0001
NAGDCKDue stage (n=187) 0.39 < 0.0001
AlMDage (n=187) 0.61 <0.0001
NAGDage (n=187) 0.27 <0.0001
AIMDUCd (n=182) 0.07 0.3580

NAGDUCd (n=182) 0.00 0.9986

AIM o,-microglobulin, NAG N-acetyl-f-p-glucosaminidase. UCd
urinary cadmium concentration, CKDue chronic kidney disease of
uncertain etiology

* CKDue stage 5 patients were not included

@ Springer

Table § Urinary cadmium concentrations

Category Urinary Urinary Urinary
cadmium cadmium cadmium

(ng/g Cr)  (ng/g Cr) (ng/g Cr)
AM (ASD) GM (GSD) Median (range)

CKDue stage 1 0.86 (0.68) 0.67 (2.07)® 0.75 (0.15D2.53)
M=10, F=7)

CKDue stage 2 0.51 (0.28) 0.44 (1.75)® 0.38 (0.15D1.09)
(M=9, F=4)

CKDue stage 3 0.56 (0.37) 0.45 (2.02)® 0.45 (0.08D1.39)
(M=19, F=11)

CKDue stage 4 0.44 (0.50) 0.32 (2.03)® 0.33 (0.08D3.10)
(M=32, F=9)

Relative controls 0.49 (0.48) 0.37 (2.09)® 0.36 (0.07D2.88)
(M=35, F=46)

Japanese controls 1.79 (0.95) 1.53 (1.81)* 1.89 (0.49D3.96)
(F=50)

AM anthmetic mean, ASD arithmetic standard deviation, GM geo-
metric mean, GSD geometric standard deviation, CKDue chronic
kidney disease of uncertain etiology,Crcreatinine Mmale, Ffemale

The letters 2 following the GSD values refer to the StudentbNew-
manPKeuls grouping (if a common superscript letter is not shared
then there is a significant difference in the GM for that particular
tubular marker) :

genes. These results indicate clear areas for further study to
elucidate the etiology and pathogenesis of renal tubular
damage in CKDue.
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