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ARTICLE INFO ABSTRACT

Edited by Dr. A.M Tsatsaka The aim of this study was to assess the integrity and kidney overall functional capacity of subjects exposed to

landfill emissions. Urine and blood levels of Pb and Cd, and several of the newly biomarkers of nephrotoxicity

Keywords: (Kim Injury Molecule 1 (KIM-1), alpha-1 Microglobulin (a1 M), beta-2 Microglobulin (p2 M), Cystatin-C (Cyst C),
Bioma_rkers Clusterin, alpha-glutathione S-transferase (GSTa), pi-glutathione S-transferase (GSTx), Tissue Inhibitor of
E:jﬁﬁm Metalloproteinase-1 (TIMP1), Calbindin, Neutrophil Gelatinase-Associated Lipocalin (NGAL), Osteopontin
Lead (OPN), (Retinol Binding Protein(RBP), Liver-type Fatty Acid-Binding Protein (FABP-1), Trefoil Factor 3 (TFF3),
Population Collagen VI) were measured in order to assess glomerular and tubule damage in adults living near a landfill.

Nephrotoxicity Our results indicate glomerular dysfunction in exposed subjects, and supported evidence of necrosis of

proximal and distal tubule epithelial cells as specific biomarkers began to appear in the urine.

Positive correlation by Pearson test were obtained between : blood Pb and B-OPN, B-Cyst C, Calbindin, U-KIM-
1, TIMP1, U-OPN, and U-Clusterin; and also, between urinary Cd and TIMP1, B-Clusterin, U-OPN, FABP-1, Al-
bumin, and U-Clusterin. The relation between biomarkers of Cd/Pb exposure and early effect biomarkers in this
study clearly predicts the future risk of severe kidney injury in subjects living close to the landfill.

1. Introduction

Heavy metals are ubiquitous in the environment and are widely
employed in a variety of human activities to meet the needs of accel-
erated global growth. They are then cause of a very worrying multi-
sectoral contamination with serious consequences. All natural
environments, namely waters, soils and the atmosphere are affected by
pollution with heavy metals [1].

Open dumps are sites known for their high levels of heavy metal
contamination. Unfortunately, in developing countries, landfilling re-
mains the most economical means of waste disposal, and therefore the

most widespread. However, this inappropriate method of waste elimi-
nation poses potential risks of environmental degradation and mainly
represents high-risk areas for local populations.

The possible risks related to housing near these sites on health of
populations have been the subject of numerous studies published in
recent years [2-5]. Studies have even reported high mortality caused by
several types of cancer (liver, pancreas, kidney) and non-Hodgkin’s
lymphoma [2]. Unfortunately, the data from these studies have not been
confirmed [6] but respiratory illnesses have been reported in some
residents living near close to biodegradable waste facilities [7]. Despite
all this evidence, opinions differ on the link between living near a

* Corresponding author at: Laboratoire de Toxicologie et d’Hydrologie, Faculté de Médecine, de Pharmacie et d’Odontologie, Université Cheikh Anta Diop, Dakar,

Sénégal.
E-mail address: mathilde.cabral@ucad.edu.sn (M. Cabral).

https://doi.org/10.1016/j.toxrep.2021.02.009

Received 2 January 2021; Received in revised form 12 February 2021; Accepted 14 February 2021

Available online 18 February 2021

2214-7500/© 2021 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:mathilde.cabral@ucad.edu.sn
www.sciencedirect.com/science/journal/22147500
https://www.elsevier.com/locate/toxrep
https://doi.org/10.1016/j.toxrep.2021.02.009
https://doi.org/10.1016/j.toxrep.2021.02.009
https://doi.org/10.1016/j.toxrep.2021.02.009
http://crossmark.crossref.org/dialog/?doi=10.1016/j.toxrep.2021.02.009&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

M. Cabral et al.

landfill and harmful health effects. However, in previous works, we
assessed the adverse effects of the Mbeubeuss landfill, a wild open dump
located near downtown of Dakar, on the population living in proximity
[8,9].

Due to their cumulative properties, long-term exposure to Cd and Pb
may cause chronic adverse health effects. Indeed, several studies have
already shown that the kidney is a main site of organ damage caused by
Cd and/or Pb toxicity, and that renal damage are often associated with
ROS overproduction [20,50,51]

Kidneys is an organ with a very high level of complexity. Kidneys
consisting of very special functional units called nephrons. Human
kidneys each contain about 1 million nephrons which collectively pro-
vide daily filtration of 150-180 liters of plasma. Nephrons also pro-
cessing this filtrate to regulate water, electrolyte and acid-base balance
and eliminate waste products at the same time. Kidneys are particularly
sensitive to pollutants toxicity. This character can be attributed to its
anatomy but more precisely to its function. Filtrate components can be
concentrated in excess fo three-fold in proximal tubule during filtrate
move along the complex tubular structure of nephrons. High levels of
concentration of this components can be reach in the distal tubule and
collecting duct, in some cases [10].

Thus, to the early diagnostic of kidney damage one approach consist
defining different biomarkers that involved on the mechanisms of
toxicity of each pollutant. Indeed, to emphasize the link between envi-
ronmental pollution and public health, Cabral et al. [9] have already
conducted a study aiming to assess to what extent the residents living in
proximity of Mbeubeuss landfill (Dakar, Senegal) were exposed to pol-
lutants (Cd, Pb) known to affect human health. In order to detect an
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eventual impact of the waste dump towards the neighboring population,
they have also investigated (i) blood and urine levels of Cd and Pb, and
the subsequent changes in biomarkers of hemoglobin synthesis, (ii)
oxidative stress biomarkers and (iii) the renal function [9]. The results of
their study showed that exposed subjects had significantly higher levels
of Cd and Pb in blood and urine. Furthermore, changes in several sen-
sitive markers of nephrotoxicity (Total protein, Albumin, RBP, CC16,
GSTa and LDH) clearly indicated early signs of impaired renal function
for the landfill neighboring population [9].

Exploration of anomalies of renal function by measuring serum
creatinine or blood urea nitrogen has long been the main tool for
assessing nephrotoxicity. However, these markers used in routine ana-
lyzes do not appear until late, due to the functional reserve of the kidney.
They are therefore not reliable indicators of acute kidney injury. Thus,
the development of new biomarkers with ability of measuring minute
changes on renal tubule integrity rather than reduced kidney function
has become a major challenge for earlier and more precise detection of
nephrotoxicity [11].

In a large-scale initiative by the Predictive Safety Testing Con-
sortium, 23 exploratory kidney markers were assessed to determine
their value for improved detection of kidney injury [12,13]. These
biomarkers of kidney damage can be utilized to delineate the nature,
and site of injury based on their specificity. Several studies have
described the predictive utility of biomarkers in earlier diagnosis of
kidney damage.

The purpose of our study is therefore to assess the integrity and
kidney overall functional capacity of subjects exposed to landfill
emissions.

Fig. 1. Specific biomarkers to detect injury to
specific nephron segments affected by various
nephrotoxicants such as heavy metals.
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For that, several of the newly accepted makers (KIM-1, al M, p2 M,
Cyst C, Clusterin) along with additional blood and urinary key proteins
of kidney injury (GSTa, GSTpi, TIMP1, Calbindin, NGAL, OPN, RBP,
FABP-1, TFF3, Uromodulin, Collagen VI) to detect tubule damage were
used (Fig. 1).

2. Materials and methods
2.1. The Mbeubeuss waste dumping site

Mbeubeuss landfill covers an area of about 175 ha, on the outskirts of
Dakar city at a distance of about 30 km from the city center. Since 1970,
this landfill has received more than 400,000 tons per year of household
solid waste. The waste is not covered with inert material making the
health risks more marked, and the waste dump is not closed, thereby
facilitating access to the site for people. « Darou Salam 6 Nder », the
control site (about 3.5 km from the Mbeubeuss landfill) was selected as

Table 1
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being far enough from the landfill to not be influenced by its pollution
[8,9].

2.2. Population under study

After The national Biomedical Ethics Committee of the Department
of Health and Preventive Medicine of Dakar (Senegal) approved the
epidemiological study, the participants were informed about the aim of
this research.

The subjects were asked to fill in a personal data questionnaire,
including detailed information on their place of residence, duration of
residence, occupational history, medical history (e.g., kidney diseases),
present status, etc. Persons with kidney diseases, diabetes or known
occupational exposure to Cd and/or Pb as well as those living on the
respective sites for less than 5 years were excluded from the study based
on the questionnaire data. In total, 87 persons (i.e., 52 exposed subjects
and 35 control subjects) were enrolled in the study (Table 1).

Descriptive information and biomarkers of control and exposed subjects included in the study.

Variables Control subjects

Exposed subjects

General characteristics

Number 35 52
Age (years) 334+14.4 36.3+12.8M
Markers of exposure
B-Pb (pg/L) 65.3425.1 120.9 £80.0%**
B-Cd (pg/L) 1.2+05 1.8 £ 0.7%%*
U-Pb (ug/g creatinin) 11+14 4.21+8.1%
U-Cd (pg/g creatinin) 0.3£0.2 1.2 + 0.9 ***
Markers of renal effects

~| KIM-1 1174 +166.1 145.4+177.5*

%D OPN 12887.9+7277.3 18231.1+ 12338.1 *

S| Bam 32.105+ 18.105 39.105+ 17.105%*

§ Clusterin 150.107+ 100.107 237.107+ 192.107*

@ Cyst C 73.104+ 25.10¢ 77.104 25.10*
Calbindin 145+42 14.3 +31.2
Collagen IV 121486 16.2+17.2
FABP1 63+3.6 8.9+7.5
GSTa 02406 0.1+0.3
GSTr 13+13 1.0+ 1.4*
KIM-1 07+0.1 0.8+1.3

’g TFF3 11.5+89 11.7+ 8.6

Eo TIMP1 29+38 5.2+12.9

ZCT Albumin 10.105+2.105 14.105+ 2.105

5 am 10129 +956.3 1089.6+ 1530.2
Clusterin 1324.6+1111.4 1743.7+2226.3
CystC 122+118 11.8+17.0
NGAL 176.1+194.6 135.2+195.5*%
OPN 13261.2+7277.3 18231.1+ 12338.0
32m 304.3 +353.7 421.1+1665.2*
RBP 1691.7 + 1708.7 2172.13+3709.1
Uromodulin 238263 +19430.3 23384.33 + 35653.2 *

General characteristics are expressed either as number, or as mean value + SD. Blood and urine levels of lead (i.e. B-Pb and U-Pb, respectively) and cadmium (B-Cd and
U-Cd, respectively), and markers of renal effects, Retinol Binding Protein(RBP), alpha-Glutathione S-Transferase (GSTa), pi-Glutathione S-Transferase (GSTn),
Cystatin-C, Neutrophil Gelatinase-Associated Lipocalin (NGAL), Kim Injury Molecule 1 (KIM1), Liver-type Fatty Acid-Binding Protein (FABP-1), Trefoil Factor 3
(TFF3), Tissue Inhibitor of Metalloproteinase-1 (TIMP1),Clusterin, Osteopontin (OPN), Calbindin, Uromodulin, Collagen VI, al Microglobulin (a1 M), beta-2

microglobulin (B2 M) are expressed as mean value + SD.
(* =p < 0.05, ** =p < 0.01, *** = p < 0.001; Mann-Whitney U test).
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2.3. Analytical methods

2.3.1. Biological sample collection

Blood and spot urine were collected with disposable collection ma-
terial certified for trace metal determination. After taking, blood and
urine samples were quickly placed in a cooling box at 4 °C and trans-
ported to the laboratory where they were divided into aliquots and
stored at —80 °C until required for analyses.

2.3.2. Markers of cadmium and lead exposure

Cadmium and lead in blood (B-Cd, B-Pb) and urine (U-Cd, U-Pb)
were determined by inductively coupled plasma-mass spectrometry as
described by Heitland and Koster [52,53]. The detection limits were for
B-Cd, B-Pb, U-Cd and U-Pb 0.02, 0.07, 0.03 and 0.09 pg/L, respectively.

2.3.3. Determination of blood and urinary kidney markers

Second-generation biomarkers for renal injury, selected for their
sensitivity to early renal changes and their specificity of nephron
different segments were used for this study. These are mainly indicators
of tubular segment function. Blood and urinary levels of RBP, GSTa,
GSTx, Cyst C, KIM-1, NGAL, FABP-1, TFF3, TIMP1, Clusterin, OPN,
Calbindin, Uromodulin, Collagen VI, al M, and 2 M were determined
by microsphere based Luminex xMAP® technology using the Human
kidney Toxicity Panel 1, 2, and 3, following the manufacturer’s in-
structions. This technique is an adaptation of the developed and vali-
dated sandwich enzyme-linked immunosorbant assay, that was
described at the 2005 American Society of Nephrology Meeting [14].
The pre-validated assays are based on the Luminex® xMAP® technology
[11]. Urine and blood samples were thawed approximately 1 h before
assays performance. For quantitative analysis of all markers per panel in
an optimal range, it was necessary to adjust the dilution factors ac-
cording to the manufacturer’s recommendations.

2.4. Statistical analysis

Group general characteristics, Pb and Cd exposure levels, and blood
and urine biomarker levels were expressed as mean value + standard
deviation. Data analyses were performed using SPSS 25.0 for Windows
(SPSS, Paris, France). Comparisons were carried out between the control
and the exposed subjects (Mann-Whitney U test). Thereafter, we looked
for the blood or urinary renal injury biomarkers significantly associated
with Pb and Cd exposure levels with single linear regression models
(Pearson test).

3. Results and discussion

This study dealt with the health impact of Mbeubeuss landfill on
adults living close to this waste dump. Our previous results [8] showed
that the two metals of interest, Cadmium (Cd) and lead (Pb), were
detected at highest levels in the soil and air samples collected in the
exposed site comparing to usual environmental values. Exposure to
these elements, particularly at chronic low doses, is still a major public
health concern.

3.1. Cd and Pb exposure

The present study involved 87 subjects aged from 17 to 67 years (35
controls and 52 exposed). Table 1 presents the mean and the deviation
values for biological parameters in the control and exposed site. Among
the adults under study, 43 (49.5 %) were males and 44 (50.5 %) were
females.

B-Pb levels were 65.27 pg/L for control subjects, and 120.95 pg/L for
the exposed ones, showing a significant difference (p < 0.001) between
exposed and control subjects (Table 1). This result highlighted the
greater absorption of adults living near the landfill, who exhibited a high
B-Pb level. In agreement with our previous statement about B-Pb levels,
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U-Pb levels were significantly higher (p < 0.01) for exposed subjects
(4.21 pg/g creatinine) than controls (1.1 pg/g creatinine) (Table 1).

The results of B-Cd (Table 1) showed a significant difference (p <
0.001) between controls (1.17 pg/L) and exposed (1.78 pg/L) subjects,
independently of the gender. B-Cd is a indicator of recent exposure, and
it is less well correlated with the intensity of exposure compared to U-Cd.
In our study, there was significant difference (p <0.001) in U-Cd be-
tween individuals in the polluted area (1.25 pg/g creatinine) and con-
trols (0.34 pg/g creatinine) (Table 1).

These levels are below the 2.5 pg / g creatinine threshold advised by
the Joint FAO/WHO Expert Committee on Food Additives (JECFA).
They are also below the rate of 2 yug/g recommended by European Sci-
entific Committee on Toxicity and the Environnement (ESCTEE) to
prevent kidney damage. However, they are much higher than the rates
noted in France during investigations by InVS in 2009 national study on
incinerators (0.27 pg/g creatinine) [15] and in 2011 the National health
and Nutrition Survey (ENNS) (0.3 pg/g creatinine) [16].

Cadmium and lead are preoccupying industrial and environmental
pollutants. Their pleomorphic effects on several organ systems are
known. Cd and Pb can cause severe damage to various organs depending
on the dose, route and duration of exposure. Lungs, liver, testes, bones
and kidneys are susceptible to irreversible damage from these heavy
metals. According to several recent studies, renal damage due to nega-
tive effects of Cd and Pb can result from even very low exposure levels
[17,18].

3.2. Biomarkers of renal damage

Regarding to the results of previous studies [8,9], changes in several
sensitive and specific markers of nephrotoxicity clearly suggested the
occurrence of early signs of impaired renal function for the landfill
neighboring population. Kidneys show a great capacity to accumulate
Cd and Pb. They are also characterized by a great sensitivity to injuries.
For these reasons, kidneys are a sentinel of exposure to Cd and Pb. Much
attention was therefore paid to identification of urinary biomarkers of
the early stages of the nephrotoxicity of these metals [54].

Oxidative stress has been termed as cause and effect in heavy metal-
induced kidney toxicity and is suggested to play a key role in the early
process of glomerular and tubular damage in the kidney induced by
heavy metal [19,48]. The detection of renal lesions at an earlier stage
has known a major advance in recent years by the implementation of
new reliable biomarkers rather than conventional tests. Several authors
have also described several early biomarkers measurable in biological
samples and their usefulness in differentiation of the nature and severity
of injury, or providing prognostic information on the course and out-
comes of renal damage [21-23].

The purpose of our study is therefore to evaluate the integrity and
kidney overall functional capacity of subjects exposed to Mbeubeuss
landfill emissions. For that, several of the newly accepted biomakers to
detect tubule damage were used.

3.3. Markers of glomerular dysfunction

As defined in Fig. 1, the glomerular function was evaluated by
different parameters such as al M, f2 M, Cyst C and albumin. The in-
crease of urinary/blood levels of al M, 2 M and Cyst C (Table 1) in
exposed subjects suggests a better glomerular filtration of protein in
control. Trzcinka-Ochocka et al. (2004) have shown that a proteinuria
induced by Cd or Pb can lead to glomerular damage with a significant
increase in the urinary level of high molecular weight proteins, such as
albumin. However, no change was found in albumin excretion between
exposed and control unexposed populations (Table 1), but it is important
to note that urinary albumin concentrations were below the micro-
albuminuria threshold value defined as 2 mg/mmol creatinine.

Beta-2-microglobulin is a marker of glomerular filtration and prox-
imal tubular injury. Measurement of values in both blood and urine
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exhibited concentrations significantly higher in exposed subjects (blood:
39.10° vs 32.10° pg/mL, p < 0.01; urine: 421.12 vs 304.29 ng/mL, p <
0.05; Table 1). Fig. 2B also highlight a significant increase in f2M both
for exposed women (p < 0.05) and exposed men (p < 0.01) in com-
parison with their respective controls.

To predict the glomerular filtration rate and diagnose disorders of
tubular function, measurement of serum and urinary p2 M was carried
out with variable results.

Furthermore, urinary f2 M can also be an effective potential
biomarker for early detection of acute renal injury. However, data ob-
tained from animal and human models suggest that it may be a more
predictive biomarker of glomerular rather than tubular lesions [24].
Uncertainties are notable on the increase in the urinary excretion of p2
M. It is not certain that it is only related to the dysfunction of the
proximal tubule or if it is the result of the plasma levels of the protein,
which can be influenced by actions of Cd at the glomerulus or on organs
other than the kidney.

Cystatin C is a 13 kDa protein. Cysteine proteinase inhibitor, Cystatin
C (Cyst Q) is freely filtered through the glomerulus and fully reabsorbed
at proximal tubule cells. Several recent studies have shown much in-
terest in the potential of Cyst C as biomarkers of Cd nephrotoxicity [25,
26]. Authors of these studies just measured serum Cystatin C levels and
correlated them to glomerular function. Data on the possible effects of
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Cd on the urinary excretion of Cystatin C were almost absent.

Concerning urinary/serum Cyst C levels, no statistical difference was
observed between exposed and control subjects in the whole population
(Table 1). However, Fig. 2D showed that serum Cyst C level was
significantly higher in exposed males compared with controls.

As showed in a recent study (Valcke et al. (2019), both serum Cyst C
and B2 M were better biomarkers compared to creatinine in the detec-
tion of glomerular damage. Therefore, our results seemed to indicate a
glomerular dysfunction in exposed subjects, but it should be noted that,
regardless of residence, Fig. 2B and D showed a difference in sex. This
could be justified by different B-Pb and U-Cd concentrations between
men and women.

As shown by the PCA (Fig. 3), these two glomerular damage markers
(Cyst C, B2 M) are correlated with monitor heavy metals exposure.
Indeed, there is a significant correlation between B-Pb and Cyst C (p =
0.025) and between U-Cd and albumin (p = 0.005). In disagreement
with Wanigasuriyal et al. (2017), our results showed a significant cor-
relation between U-Cd and p2M (p = 0.03), itself significantly linked to
Cyst C (p = 0.008), KIM (p = 0.016), and OPN (p = 0.007) in exposed
subjects (Table 2). This result is in accordance with the findings of
Valcke et al. (2019) who showed positive correlation between these
biomarkers and U-Cd.
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Table 2

Pearson’s correlation coefficients between biomarkers of Pb/Cd exposure and renal markers measured in biological sample of participants.
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-131
.035

-116
-162

-326

Calb

.265
.096
-012
.050
324"
-.069
.228

.614™

.246
-.050
.016

602

.166
.092

705"

214
.033
.021
.335*

.448™
635

.258

CollV FABP
316" .008
183 .322°
-080 -.008
-065 -107
391" -.006
016  .098
229 -.064
521" .049
431"
175
-003 -.031
194 .600™
805 .116
361" 182
.348" 285
823" 293
480" .207
400" 450"
240 -.025
.482™ .003
671" .048
.698™ 065
226 .069

GSTa GSTm
-082  -.047
-069 .070
-067 -.007
-151  -229
-107  -.041
-018 -.036
-097  -111
009 .277°
.066 .283*
260 .373™

837
023
135 252

-065 .054
217 .093
-057 129
166 .407*
182 .560™
-079  .086
313 -143
.040 177
.050  .075
-078 -.013

KIM1

.299*
.202
-062
-012
3327
-056
.225
.876™
.634™
132
.084
412

434"

.339*

.699™
486"

.359*
.258

537"
.689™
742

.285

TIMP Alb «lM Clust CysC NGAL OPN B2M RBP Uro

457 085 377" 1273 246 -013 355" .136 442 -114
252 394 211 .343° 164 -024 206 -119 .191 -052
-034 174 -105 .085 -047 028 .107 -060 -082 -058
029 -213 -046 -100 -021 -192 .018 -052 -037 -148
429" 239 387" .348° 362" -123 368" -003 410" -096
-103 .44 -056 .003 .000 -202 .048 -064 -083 -100
344° 150 345 206 223 -177 250 .029 .321° -146
708" .279° 521" .605" .631% 268 .754" -015 .698" .140
657 217 766" .541" .621% 175 .630" .128 .776" .006
150 239 356" 242 261 .095 .087 .050 245 072
033 103 227 139 .324" -011 .073 .023 .072 .030
335* .290* 378" 417" 518" 237 364" .005 362 211
838" 293 .643" .738" .749" .328' 861" .015 .835" .243

231 .640™ .783™ .769" .293* .823" .116 .885™ .030
570" 231 460" 249 177 322" .025 .236 .055
384" 262 544" 740" 108 .608" .173 841" .129
101 103 .260 757" .385" 759" -024 .716" .180
.526™ 142 .356" .359" 262 .689™ .135 851 .179
255 -.045 138 .231 .496™ 204  .057 .299* .363"
.343* 251 .655™ 239 .192 -.069 -062 .748" 184
.357° 035 .653™ .415" .543" .551" .335" 317 -017
.429° 135 .726™ .342" 437" .454™ 443" .918™ .201

.001 -054 .282 -025 .059 .028 .119 .137 .270

Relationships between the biomarkers of Pb/Cd exposure and renal markers of the subjects under study (i.e. blood level of lead. B-Pb ; urine level of cadmium.U-Cd ;
retinol binding protein. RBP ; alpha-glutathione S-transferase. GST « ; pi-glutathione S-transferase. GSTr ; Cystatin-C ; Neutrophil gelatinase-associated lipocalin.
NGAL ; Kim injury molecule 1. KIM1 ; liver-type fatty acid-binding protein. FABP-1 ;Tissue inhibitor of metalloproteinase-1. TIMP1 ; Clusterin ; Osteopontin. OPN;
Calbindin ; Uromodulin ; Collagen VI ; alpglobulin. « 1 M ; Beta-2 microglobulin. 2 M. Albumin.

*=p<0.05; ** =p < 0.01.

3.4. Markers of tubular lesion

In addition to the glomerular function, we have also highlighted any
tubular lesion through a panel of specific biomarkers to proximal and
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distal tubules (Fig. 1). The levels of RBP, GSTa, GSTx, OPN, 2 M, NGAL,
KIM-1, TIMP1, Clusterin and Osteopontin were quantified to detect le-
sions in proximal tubules. Although there is no significant difference
between exposed and control populations for some markers such as RBP,
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GSTa, GSTr, and TIMP1, Table 1 and Fig. 2A, C, E, and F showed sig-
nificant differences between the two groups of individuals but also be-
tween gender.

3.4.1. Proximal tubule damage

Concerning urinary RBP levels, according to our previous results [9],
no statistical difference was observed between exposed and control
subjects (Table 1), nor after gender segregation. Similar results were
reported by Hambach et al. [19], and it was suggested that GSTa and
GSTr activity could be more suitable for early detection of even small
lesions in the proximal tubule [27]. Fig. 2E showed that GSTx activity
was significantly lower in exposed females, compared to the control
ones.

While urinary 2 M is a common marker of kidney damage, con-
centrations of kidney injury molecule (KIM-1) in blood and urine are
extensively used as biomarkers of early kidney dysfunction [28]. KIM-1
has been widely studied in recent years, as a tubular injury biomarker.
Its rate is high in the primary stage of acute renal injury, which would be
an effective alert for chronic renal damage [29]. Several studies
concluded that urinary KIM-1 levels were significantly elevated within
few hours after kidney damage [30].

Interestingly, KIM-1 blood concentrations were significantly higher
in exposed subjects in whole population (145.44 vs 117.40 pg/mL;
Table 1) but also when the gender is considered.

Kim-1 is a biomarker specifically produced by damaged epithelial
cells of proximal tubule and then transported to the urine. This fact
suggests that in the event of a proximal tubular lesion, Kim-1 could be
the most specific biomarker [55]. So, it is not surprising that urinary
KIM-1 concentration (Table 1) in exposed subjects (0.82 ng/mL) was
higher than in control (0.68 ng/mL). Furthermore, Fig. 3 shows a pos-
itive relation between KIM-1 and B-Pb.

Therefore, combining with other sensitive markers such as NGAL,
Clusterin, and ONP, KIM-1 levels can suggest impaired proximal tubule
for the population living close to the landfill.

One interesting aspect of the data in Table 1 is that these 3 markers
showed a significant difference between exposed subjects and control
group. Indeed, there was significant difference (p < 0.05) in U-NGAL, B-
Clusterin and B-OPN between individuals in the polluted area (135.18
ng /mL; 237.107 pg /mL; 18231.1 pg /mL) and in the control ones
(176.10 ng /mL; 150.107 pg /mL; 12887.9 pg /mL) (Table 1).

In addition to the significant difference between exposed and control
subjects according to these biomarkers, Fig. 2A, 2C and 2 F highlights
the difference between women and men (p < 0.05).

The expression of NGAL, is known, at fairly low scales in different
tissues and organs such as kidney and various types of human cells [49].
But, after toxic renal injury, significant upregulation of NGAL is noted in
the kidney. It is the most regulated transcript in this sense and this
observation has been made in animal models as well as in adult humans,
which validates NGAL as an early biomarker of structural renal tubular
lesion (in particular proximal renal tubular [31,32]. According to very
recently published data, NGAL is mainly produced by the intercalated
cells of the collecting duct and thick ascending branch of the loop of
Henle [33]. In normal and healthy subjects’ serum and urine, NGAL
concentrations are very low, on the order of nanograms (~ 20 ng / mL at
steady state) [33]. Additionally, a recent study showed that after 6 h of
contrast media exposure, urinary NGAL < 20 ng/mL and blood NGAL <
179 ng/mL is a reliable sign that ruled out contrast agent-induced AKI
[34]. However, the concentrations of NGAL in our study show concen-
trations 6 times higher than this value, for both control and exposed
subjects (Table 1). This result does not reconsider the choice of the
control population, but highlights the panel of toxic agents that may
induce kidney damage. The increase of NGAL concentration is detect-
able as 3 h after a tubular injury and remains high approximately 6-12,
depending of the acuity of the damage [35]. According to the data of
Parikh et al. [36] this elevation can peak up to 5 days after the initial
injury, particularly when the injury is severe [36]. Morever, Haase et al.
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[37] and Wagene et al. (2008) have shown that urine and plasma NGAL
levels are correlated to the severity and duration of the injury. NGAL
high levels claim that population of our study is in contact with neph-
rotoxic agents. Fig. 2F showed that women have higher concentrations
of NGAL in urine, and this result is consistent with other studies [38,39]
showing that NGAL production increases with age and is higher in
women than men.

Several studies have confirmed that serum Cyst C can diagnose
kidney injury earlier than serum creatinin [40,41], but later than NGAL
[42,43]. This finding suggests that NGAL is one of the most valuable
biomarkers for renal failure, with high sensitivity and specificity, and
this is in agreement with our study. Indeed, no significant difference was
observed for Cyst C while there was a significant difference between
exposed and control subjects for NGAL.

3.4.2. Distal tubule damage

To assess tubular kidney damage, we also determined OPN and
Clusterin levels in blood and urine. Mann-Whitney U test analysis
revealed that there is a significant difference (p < 0.05) between
exposed and control groups in the B-ONP concentration (18231.1 versus
12887.9 pg/mL) and B-Clusterin concentration (237.107 versus
150.107pg/mL) (Table 1). This difference is also highlighted by Figs. 2A
and 2C between exposed and control men (p < 0.05) and among exposed
and control women (p < 0.05).

According to a study which took place in Sri Lanka, in subjects
suffering from chronic kidney disease, the urinary markers clusterine,
cyst C and p2 M were significantly higher compared to the controls [44].
Excepted p2 M, these results are not in agreement with ours, although Pb
and Cd exposure levels of the different study populations are similar.

Referring to Wanigasuriya et al. [44]; OPN and Clusterin in urine are
useful in screening for early tubular (proximal and distal) dysfunction
induced by heavy metals such as Cd/Pb. A significant increase of their
excretion in exposed subjects may occur even with lesions of the renal
tubule.

Fig. 2C highlights a significant increase in Clusterin both for exposed
women (p < 0.05) and exposed men (p < 0.05) in comparison with their
respective controls. However, for OPN, the difference only occurred
between exposed and control men (p < 0.05) (Fig. 2A). These results
indicated an alteration in proximal and distal function.

In agreement with 1IU Liu et al. (2016) [56], the predictive effect of
urinary and blood NGAL, KIM-1, Clusterin, Cyst C, OPN, p2 M was
stronger than other biomarkers (FABP-1, Collagen IV). From data in
Table 1, it can be seen that FABP-1, although slightly increased in the
exposed population, was not significantly different compared to
controls.

Morever, our data showed that B-Pb was correlated with B-OPN (p =
0.042) and strongly correlated with U-OPN (Fig. 3) (p = 0.001). Like-
wise, U-Cd was correlated with Clusterin (p = 0.02) and U-OPN (p =
0.044), itself significantly correlated to KIM-1, TIMP1, albumin, a1l M
and Calbindin (Table 2). The relations observed herein between neph-
rotoxic metal exposures and OPN is stronger than with other biomarkers
of renal effect. This is coherent with a greater sensitivity of OPN to early
kidney effects as compared to other effect biomarkers. Indeed, it appears
logical that a correlation between an exposure biomarker and an effect
biomarker appears sooner for the most sensitive effect biomarker.

4. Conclusion

This study investigated a set of biomarkers on interactions between
toxic metal exposure and renal function in a group of Senegalese subjects
living near a waste dump.

Specific increases of KIM-1, NGAL, Clusterin, Cystatin C, OPN, 2 M,
Uromodulin and Collagen IV following the exposure to nephrotoxicants
agents of Mbeubeus landfill have been observed. Taken together these
results suggest a glomerular and tubule dysfunction in exposed subjects.

The results supported the possible occurrence of necrosis of proximal
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and distal tubule epithelial cells since biomarkers such as KIM-1, NGAL,
Clusterin, Cyst C, OPN, $ 2 M, Uromodulin, began to be significantly
excreted in urine. Pearson’s correlation matrix between the various
parameters measured in the biological samples showed significant cor-
relations between a panel of effect biomarkers of exposure to metals.
More specifically, significant correlations were noted for the same metal
with different renal biomarkers.

The relations between biomarkers of Cd and /or Pb exposure and
early effect biomarkers predict the future risk of severe kidney injury if
the exposure continues. Its findings warrant further investigations of
longitudinal data in a greater number of participants, taking into ac-
count genetic variations. Indeed, some researchers believe that these
genetic variations may be one of the main causes of the sensitivity of
different inter-individuals to heavy metals. In general, it is assumed that
polymorphisms in genes responsible for heavy metal metabolisms, may
play an important role in body levels, sensitivity and severity of the
health effects caused by these materials.

However, overall, these results closely supported the usefulness of
this panel of early effect biomarkers of kidney injury to better monitor
exposure environmental to relatively low to moderate levels of Cd and/
or Pb.
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