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Abstract: Objective: Sickle cell anemia (SCA) can cause substantial kidney dysfunction resulting in sickle cell ne-
phropathy, which may be affected by the presence of modifier genes. This study evaluates the effects of some modi-
fier genes on sickle cell nephropathy. Methods: Patients living with SCA were recruited. Alpha-thalassemia (3.7kb
HBA1/HBAZ2 deletion) was genotyped using gap PCR multiplex. Senegal haplotype (Xmn1-rs7412844), BCL11A-
rs4671393 and NPRL3-rs11248850 were genotyped using Mass Array. The effects of variants on kidney dysfunc-
tion were then evaluated using multivariate analysis. Results: The number of patients living with SCA included in this
study was 162 with a median age of 20 years [minimum-maximum: 4-57] and a female frequency of 53.21%. Sen-
egal haplotype, BCL11A-rs4671393 variant were protective factors against albuminuria stage A2 with an odds ratio
(OR) of 0.22 (95% CI 0.05-0.90) and 0.27 (95% CI 0.08-0.96) respectively. The combination NPRL3-rs11248850
variant - 3.7kb HBA1/HBA2 deletion was a protective factor against albuminuria stage A2 (OR = 0.087, 95% Cl
0.01-0.78) but it was a risk factor for glomerular hyperfiltration (OR = 17.69, 95% Cl 1.85-169.31). Conclusions:
All four variants displayed a protective effect against albuminuria stage A2. The combination alpha-thalassemia -
NPRL3-rs11248850 variant is a risk factor for glomerular hyperfiltration.
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frequently affected [2] with glomerular [3],
tubular, and medullary [4] manifestations.

Introduction

Sickle cell disease (SCD) is an autosomal re-

cessive hemoglobinopathy caused by a single
nucleotide substitution ¢.20A>T of the 3-globin
gene (HBB-rs334) resulting in biosynthesis of
hypoxically polymerizable hemoglobin S (HbS)
instead of normal adult hemoglobin A (HbA) [1].
Polymerization of HbS results in sickling of red
blood cells (RBC), vaso-occlusions, and chronic
hemolysis, leading to the protean clinical pre-
sentation of the disease in which kidneys are

The occurrence and severity of kidney dysfunc-
tion could depend on the presence of SCD mod-
ifier genes including alpha-thalassemia [5-9],
BCL11A [9] and haplotypes of BS-globin cluster
[5, 8, 10, 11] such as the Senegal haplotype.
Variants of a-globin gene regulatory elements
including NPRL3-rs11248850 are also des-
cribed as likely to influence the occurrence of
kidney dysfunction [12, 13].
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Senegal haplotype (Xmn1-rs7482144) [14, 15]
and BCL11A-rs4679313 variant [16, 17] are
associated with an increase in residual fetal
hemoglobin (HbF) that may result in reduced
hemolysis [14-17].

Alpha-thalassemic deletion (3.7kb HBA1/HBA2
deletion or ®3.7, the most common in Senegal)
[18], is associated with a decreased biosyn-
thesis of a-globin chains, microcytosis and
hypochromia [19]. NPRL3-rs11248850 variant
could promote HBA1/HBA2 gene expression
and is associated with the normalization of red
blood cell indices, particularly mean corpuscu-
lar hemoglobin (MCH) in sickle cell patients
with 3.7kb HBA1/HBA2 deletion [12, 13, 20].

To our knowledge, studies that have focused on
genetic susceptibility of kidney dysfunction
among sickle cell anemia patients have been
conducted in American [5, 9, 11, 13, 21],
Brazilian [10] and West Indian [6, 7] popula-
tions where Bantu haplotype was the most
prevalent. The single African study carried out
on this topic has involved one population
among which Benin and Cameroon haplotypes
were predominating [8]. Thus, studies of the
impact of the Senegal haplotype on clinical
prognosis of nephropathy in sickle cell patients
are rare, maybe non-existent prior to our study.
Hence the interest of this study which aims at
evaluating the effects of modifier genes on kid-
ney dysfunction in Senegalese patients living
with sickle cell anemia.

Material and methods
Ethical approval

The study protocol was consistent with the
ethical recommendations of the declaration of
Helsinki and was approved by the Research
Ethics Committee of Cheikh Anta Diop Uni-
versity of Dakar in Senegal (0312/2018/CER/
UCAD) and the Research Ethics Committee of
the Faculty of Human Health Sciences of the
University of Cape Town (UCT) in South Africa
(HREC RE: 661/2015). Participation in the
study was subject to a free and informed con-
sent from patients older than 18 years or from
parents/guardians for those under 18 years of
age.

Patients’ recruitment

This is a cross-sectional study of non-diabetic
sickle cell patients. The recruitment was car-

ried out from January 1 to August 31, 2019,
at the National Center of Blood Transfusion
(NCBT) in Dakar, Senegal’s reference center for
the care of adults living with SCD, and at the
Ambulatory Care Unit for children and adoles-
cents living with SCD (ACUCAS) located at the
Albert Royer National University Hospital of
Children (ARNUHC) in Dakar, Senegal’'s refer-
ence center for the care of children and adoles-
cents living with SCD.

The present study included confirmed HbSS
patients according to the record of patients
of (NCBT) or (ACUCAS). To be included, these
HbSS patients had to be at least 4 years old, in
a fasting and steady health state at the time of
their recruitment at (NCBT) or (ACUCAS). Only
one member per family could be included in the
study. Patients with sickle pain crisis, diabetes,
pregnancy, a fasting blood glucose > 110 mg/
dl (6.105 mmol/l), a molecular analysis re-
vealing a genotype other than a BS/B° and on
hydroxyurea therapy were excluded.

Assessment of clinical events

Venous blood and random midstream urine
specimens were collected. Complete blood
count (CBC) was assayed using a Sysmex
XT-4000i (Sysmex Corporation, Kobe, Japan).
Using clinical biochemistry analyzer Mindray-
BS-380 (Mindray, Créteil, France) and Biosys-
tems reagents (Biosystems reagents & instru-
ments; Barcelona, Spain), the following param-
eters were analyzed by enzymatic methods in
spectrocolorimetry: glycaemia and glucosuria
by glucose oxidase/peroxidase, creatininemia
and creatininuria by creatininase/creatinase/
sarcosine oxidase/peroxidase with an isotope
dilution mass spectrometry- traceable calibra-
tor. Proteinuria was analyzed by a non-enzymat-
ic pyrogallol red-molybdate colorimetric meth-
od and albuminuria by immunoturbidimetry
with specific anti-human albumin antibodies
using the same biochemistry analyzer. Urine
specific gravity was measured using Atago-
SPR-T2 refractometer (Atago, Saitama, Japan).
Glomerular filtration rate (GFR) was computed
using Schwartz formula in children [22] and
Chronic Kidney Disease - EPldemiology (CKD-
EPI) formula in adults [23].

Interpretation of hematological parameters
and kidney functions

“Pronounced or gross hemolysis” was defined
by an hemoglobin level (Hb) < 8.5 g/dl (x 0.6206
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mmol/Il), microcytosis by a mean corpuscular
volume (MCV) < 80 fl [24], hypochromia by a
mean corpuscular hemoglobin (MCH) < 27 pg
[24], pseudo-hyperchromia by a MCH > 32 pg,
and high blood pressure (HBP) by a systolic
blood pressure (SBP) > 13 mmHg [25] and/or
diastolic blood pressure (DBP) > 8.5 mmHg
[25, 41]. Proteinuria, albuminuria and glucos-
uria measured by spectrophotometry were nor-
malized to creatininuria and expressed as
ratios. Proteinuria was expressed as urinary
protein to creatinine ratio (UPCR), albuminuria
as urinary albumin to creatinine ratio (UACR)
and glucosuria as urinary glucose to creatinine
ratio (UGCR). All three ratios were expressed as
mg of protein, albumin or glucose per g of uri-
nary creatinine (mg/g). Proteinuria was patho-
logical if UPCR > 200 mg/g (x 0.113 mg/mmol),
otherwise it was physiological 26]. The propor-
tion of albumin in urinary protein (UACR/UPCR)
indicated the origin of proteinuria, which was
described as glomerular when it consisted of
at least 59% albumin, otherwise it was consid-
ered to be of tubular origin [27].

Albuminuria was qualified as albuminuria stage
A1 (formerly normoalbuminuria) if UACR < 30
mg/g (x 0.113 mg/mmol), albuminuria stage
A2 (microalbuminuria) if 30 mg/g < UACR < 300
mg/g (x 0.113 mg/mmol) and albuminuria
stage A3 (macroalbuminuria) if UACR > 300
mg/g (x 0.113 mg/mmol). Microglucosuria
expressed glucosuria that could not be de-
tectable by urine test strips but with UGCR >
20 mg/g (x 0.625 pmol/mmol) in a patient
with a normal glycemia (glycemia < 110 mg/dl
(0.0555 mmol/l). Glomerular hyperfiltration
was defined by a glomerular filtration rate (GFR)
> 140 ml/min/1.73 m2, glomerular hypofiltra-
tion by a GFR < 90 ml/min/1.73 m2 and chronic
renal failure (CRF) by a GFR < 60 ml/min/1.73
m=2. Hyposthenuria qualified a urine specific
gravity (USG) < 1.010.

Molecular methods

Genomic DNA was extracted in Dakar at
(ARNUHC) from white blood cells using
Puregene Blood Kit (Qiagen, Hilden, Germany).
Molecular analysis of the polymorphism of
HBB-rs334 was carried out at University of
Cape Town by polymerase chain reaction (PCR)
to amplify a 770 bp segment of HBB gene [8]
followed by Ddel (5’ CJTNA 3’) restriction analy-
sis of the PCR product [8, 28]. Gap PCR multi-
plex was used to screen the most common

alpha-thalassemic deletions, namely, the 3.7kb
HBA1/HBA2 deletion and the 4.2kb HBA1l/
HBA2 deletion. PCR protocols were performed
on Bio-Rad T100TM thermal cycler (Bio-Rad
Laboratories, Hercules, CA, USA) and analysis
of genotype was performed using ABI Prism
3130xI genetic analyzer (Applied Biosystems,
Foster City, CA, USA). Genotype for the Xmn1-
rs7482144, BCL11A-rs4671393 and NPRL3-
rs11248850 polymorphism was performed
using iPLEX Gold Sequenom Mass Genotyping
Array (Ingaba Biotec, Pretoria, South Africa).

Statistical analysis

Genotypic and allelic frequencies were calcu-
lated for all variants. Patients were categorized
according to the genetic variants into two
groups: those with the wild genotype and those
with a genotype containing at least one mutat-
ed allele. To evaluate the effect of the combina-
tion of 3.7kb HBA1/HBA2 deletion and NPRL3-
rs11248850 variant, patients with both 3.7kb
HBA1/HBA2 deletion and NPRL3-rs11248850
variant were classified in one group and
patients without 3.7kb HBA1/HBA2 deletion
and/or NPRL3-rs11248850 variant in a sec-
ond group.

The variables were all transformed into binary
variables and when coding, number 1 was
always assigned to the variable of interest (e.g.
subjects in the genotype group with mutated
alleles were coded 1 and those in the wild gen-
otype group were coded O; subjects in the
group of patients with glomerular hyperfiltra-
tion were coded 1 and those without glomeru-
lar hyperfiltration were coded 0) [41]. After cod-
ing, a univariate analysis was performed to
determine the correlation coefficient between
the variants and anthropometric parameters,
red blood cell indices and biomarkers of kidney
dysfunction [41].

A logistic regression model was then developed
for each biomarker of kidney dysfunction and
each model systematically included the Sin-
gle Nucleotide Polymorphisms (SNP) Xmn1-
rs7482144, BCL11A-rs4671393 and the com-
bination NPRL3-rs11248850 and 3.7kb HBA1/
HBA2 deletion. Beyond to the degree of hemo-
lysis, microcytosis, pseudo-hyperchromia and
age, the model took into account sex, BMI, HBP,
glomerular hyperfiltration and proteinuria for
albuminuria stage A2, sex and albuminuria
stage A2 for proteinuria and tubular protein-
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Figure 1. Genotypic frequency of the variants.
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Figure 2. Frequency of the combination 3.7 HBA1/
HBA2-NPRL3 11248850 (N = 139).

uria, sex, BMI, tubular proteinuria and glomeru-
lar hyperfiltration for microglucosuria, sex, BMI
and HBP for glomerular hyperfiltration as
adjustment variables. The statistical analysis
was conducted using Stata software version
StataSE 15 for Windows TM (Stata Corp Inc.,
College Station, Texas, USA). The significance
level of the statistical tests was set at p < 0.05.

Results
Patients’ description

Participants in the study were non-diabetic,
steady-state sickle cell patients with a confir-
med BS/BS genotype. The study sample of 162
patients was composed of female (53.21%)
and male (46.79%) with a median age of 20
years ranging from a minimum of 4 years to a

» Homozygote

maximum of 57 years of

1_8,90%\‘ 2,36%  age.

Modifier genes polymor-

L .
29,45% ~ phism

44,67% !”o

3,43%
Genotypic frequency of

11'*33% Xmni1-rs7482144  variant

was 61.59% (n = 85),
o BCL11A-rs4671393 vari-
61,59% — 0% ant 55.33% (n = 83)

NPRL3-rs11248850 vari-
ant 32.88% (n = 48) and
3.7kb HBA1/HBA2 delet-
ion 21.26% (n = 27) [Fi-
gure 1]. Among patients 10.79% (n = 15)
exhibited 3.7kb HBA1/HBA2 deletion in con-
comitant with NPRL3-rs11248850 variant [Fi-
gure 2]. Minor allele frequency of Xmnl-rs-
7482144 was 31%, BCL11A-rs4671393 33%,
3.7kb HBA1/HBA2 deletion 12% and NPRL3-
rs11248850 18% [Figure 3].

Relationship between modifier genes and an-
thropometric parameters, erythrocyte indices
and biomarkers of nephropathy by univariate
analysis

Univariate analysis revealed that: Senegal hap-
lotype (Xmn1-rs7482144) was more prevalent
in male subjects (n = 118; r = 0.22; p = 0.018).
However, it didn’t correlate with any of the
following: gross hemolysis (n = 111; r = -0.04;
p = 0.67), erythrocyte indices, biomarkers of
nephropathy and other variants and anthropo-
metric parameters [41].

BCL11A-rs4671393 variant was not associat-
ed with gross hemolysis (n = 119; r=-0.06; p =
0.485), pseudo-hyperchromia (n = 119; r
0.17; p = 0.056), albuminuria stage A2 (n
121; r =-0.16; p = 0.08), tubular proteinuria (n
=114; r =-0.16; p = 0.08), other variants, bio-
markers of kidney dysfunction, and anthropo-
metric and hematological parameters [41].

Alpha-thalassemia (3.7kb HBA1/HBA2 dele-
tion) was negatively associated with pseudo-
hyperchromia (n = 115; r = -0.22; p = 0.018)
but positively associated with NPRL3-rs1124-
8850 variant (n = 120;r=0.21; p = 0.021) and
the combination of NPRL3-rs11248850 vari-
ant - 3.7kb HBA1/HBA2 deletion (n = 126; r =
0.70; p < 0.001) [41]. Alpha-thalassemia (3.7kb
HBA1/HBA2 deletion) was not associated with
sex (n=121; r=0.17; p = 0.068), gross hemo-

Int J Biochem Mol Biol 2022;13(2):5-16



Effects of modifier genes on sickle cell nephropathy

3.7kd HBA1/HBAZ (N = 254)

88,00%
NPRL3 rs11248850 (N = 292)
82,00%
BCL11A rs4671393 (N = 300)
67,00%
Xmn1 rs7482144 (N = 276)
69,00%

Maijor Allele  mMinor Allele

Figure 3. Allelic frequency of the variants.

lysis (n = 115; r = 0.16; p = 0.084), microcyto-
sis (n = 115; r = 0.151; p = 0.107), hypochro-
mia (n = 115; r = 0.02; p = 0.807), tubular
proteinuria (n = 111; r =-0.16; p = 0.099), glo-
merular hypofiltration (n = 104; r = -0.19; p =
0.056), Senegal haplotype, BCL11A-rs46713-
93 variant, other biomarkers of kidney dysfunc-
tion and anthropometric and hematological
parameters [41].

NPRL3-rs11248850 variant was positively
associated with age (n = 123; r = 0.18; p =
0.046), BMI (N = 108; r = 0.25; p = 0.001), glo-
merular hyperfiltration (N = 110; r = 0.20; p =
0.037), 3.7kb HBA1/HBA2 deletion (n = 120;
r = 0.21; p = 0.021) and the combination
of NPRL3-rs11248850 variant - 3.7kb HBA1/
HBA2 deletion (N = 133; r = 0.51; p < 0.001)
[41]. NPRL3-rs11248850 variant was nega-
tively associated with albuminuria stage A2 (N
= 125; r = -0.21; p = 0.017), proteinuria (n =
124; r =-0.20; p = 0.026) and tubular protein-
uria (N = 118; r = -0.22; p = 0.017) [41].
However, it was not associated with gross
hemolysis (N = 122; r = -0.12; p = 0.181),
microcytosis (n = 122; r = 0.046; p = 0.614),
hypochromia (n = 122; r = 0.029; p = 0.75),
pseudo-hyperchromia (n = 122; r = -0.17; p =
0.057) or other variants, biomarkers of kidney
dysfunction or anthropometric or hematologi-
cal parameters [41].

NPRL3-rs11248850 variant - 3.7kb HBAl/
HBA2 deletion combination was positively
associated with glomerular hyperfiltration (N =
112;r=0.31; p=0.001) and negatively associ-
ated with albuminuria stage A2 (N = 128; r =
-0.19; p = 0.034) and pseudo-hyperchromia (N
= 126; r = -0.20; p = 0.024) [41]. It was not

associated with gross he-

1%5 molysis (N = 126; r = 0.04;

p = 0.62), other erythrocyte

indices, biomarkers of kid-

m ney dysfunction, anthropo-
P metric parameters, Sene-
gal haplotype nor the
BCL11A-rs4671393 vari-

33% ant [41].

Relationship between

W modifier genes and an-
thropometric parameters,
erythrocyte indices and
biomarkers of nephropathy
by multivariate analysis

Multivariate analysis revealed that:

Xmn1-rs7482144 (Senegal haplotype) and
BCL11A-rs4671393 variant had a statistically
significant protective effect against albumin-
uria stage A2 with odds ratios (OR) of 0.22
(95% CI 0.05-0.90) and 0.27 (95% CI 0.08-
0.96) respectively [Table 1]. However, these
two variants had no statistically significant
effect on proteinuria, tubular proteinuria, mi-
croglucosuria, hyposthenuria and glomerular
hyperfiltration [Tables 2-6].

The combination of NPRL3-rs11248850 vari-
ant - 3.7kb HBA1/HBA2 deletion was protec-
tive factor against albuminuria stage A2
(OR = 0.087; 95% CI 0.01-0.78) but it repre-
sented a risk factor for glomerular hyperfiltra-
tion (OR = 17.69; 95% Cl 1.85-169.31) [Tables
1, 6]. This combination had no statistically
significant effect on proteinuria, tubular pro-
teinuria, microglucosuria and hyposthenuria
[Tables 2-5].

When logistic regression was carried out by
keeping the same parameters in each model
but dissociating 3.7kb HBA1/HBA2 deletion
from NPRL3-rs11248850 variant, all four vari-
ants lost their effects which were statistically
significant on the biomarkers of kidney dys-
function including on albuminuria stage A2 and
glomerular hyperfiltration [41].

Relationship between anthropometric param-
eters, erythrocyte indices and biomarkers of
nephropathy by multivariate analysis

In this study, pronounced hemolysis was a risk
factor for all biomarkers of kidney dysfunction,
proteinuria (OR = 3.30; 95% Cl| 1.14-9.53),
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Table 1. Effects of modifier genes of sickle cell anemia
on albuminuria stage A2 (microalbuminuria)

0Odds 95% Confidence

ratio interval p-value
Age (years) 1.05 0.99-1.12 0.091
Sex 1.03 0.28-3.72 0.967
Body Mass Index (kg/m?) 0.91 0.73-1.13 0.383
High blood pressure 2.55 0.12-51.54 0.543
Proteinuria 3.80 1.08-13.42 0.038
Glomerular hyperfiltration 2.04 0.58-7.14 0.264
Pronounced hemolysis 0.53 0.14-2.09 0.369
Microcytosis 0.86 0.21-3.57 0.838
Pseudo-hyperchromia 1.30 0.33-5.20 0.709
Xmnl rs7482144 0.22 0.05-0.90 0.035
BCL11A rs4671393 0.27 0.08-0.96 0.043
3.7 + NPRL3 rs11248850 0.087 0.01-0.78 0.029

Table 2. Effects of modifier genes of sickle cell anemia

on proteinuria

Odds 95% Confidence

ratio interval p-value
Age (years) 1.002 0.95-1.05 0.934
Sex 1.01 0.34-3.04 0.980
Albuminuria stage A2 3.13 1.07-9.12 0.036
Pronounced hemolysis 3.30 1.14-9.53 0.027
Microcytosis 0.50 0.13-1.87 0.307
Pseudo-hyperchromia 1.80 0.52-6.21 0.349
Xmn1lrs7482144 2.06 0.63-6.77 0.233
BCL11A rs4671393 0.63 0.21-1.85 0.401
3.7 + NPRL3rs11248850 1.17 0.23-6.02 0.846

Table 3. Effects of modifier genes of sickle cell anemia

on tubular proteinuria

Odds 95% Confidence

ratio interval p-value
Age (years) 1.005 0.95-1.06 0.841
Sex 0.78 0.25-2.43 0.676
Albuminuria stage A2 2.95 0.97-8.92 0.056
Pronounced hemolysis 3.52 1.17-10.57 0.025
Microcytosis 0.36 0.09-1.40 0.140
Pseudo-hyperchromia 1.53 0.40-5.80 0.529
Xmnl rs7482144 1.75 0.51-5.97 0.372
BCL11A rs4671393 0.47 0.14-1.50 0.201
3.7 + NPRL3rs11248850 0.94 0.17-5.13 0.944

tubular proteinuria (OR = 3.52; 95% CI 1.17-
10.57), microglucosuria (OR = 11.41; 95% ClI
1.18-110.36) with the exception of albuminuria
stage A2 (p = 0.369) and hyposthenuria (p =

10

0.072) [Tables 1-5]. Glomerular hyper-
filtration was more common in patient
without pronounced hemolysis (OR =
0.28; 95% Cl 0.09-0.87) [Table 6].
Microcytosis was a protective factor
against hyposthenuria with an odds
ratio of OR = 0.26 (95% CI 0.07-0.94);
advanced age was a risk factor for
hyposthenuria (OR = 1.06; 95% CI 1.01-
1.12) [Table 5]. Albuminuria stage A2
was more common in patient with than
without proteinuria (OR = 3.80; 95% CI
1.08-13.42) and, inversely, proteinuria
was more frequently found in patient
with than without albuminuria stage A2
(OR = 3.13; 95% CI 1.07-9.12) [Tables
1, 2].

Discussion

This study is the first to describe the
effects of modifier genes of sickle cell
disease on kidney dysfunction where
the Senegal haplotype is highly preva-
lent. It shows that the Senegal haplo-
type (Xmnl1-rs7482144), BCL11A-rs-
4671393, 3.7kb HBA1/HBA2 deletion
and variation on its regulatory elements
(NPRL3-rs11248850) have significant
impact on sickle cell nephropathy clini-
cal phenotype.

Genotypic frequency (61.59%) of the
Senegal haplotype in our series was
lower than that reported for a pedia-
tric Senegalese population with SCA
(88.9%) [18], and for an adult Sene-
galese population with SCA (90%) [29]
[Figure 1]. The minor allele frequency of
Xmnl-rs7482144 in our series (31%)
was also lower than that aforemen-
tioned pediatric Senegalese sickle cell
population (75%) [18] [Figure 3]. How-
ever, the genotypic and allelic frequen-
cies of Senegal haplotype in our study
were comparable to the genotypic
(61.2%) and allelic (30.6%) frequencies
reported by the Gambian Genome
Variation Project (GGVP) for a Jola popu-
lation from Gambia [30] which is land-
locked country in Senegal. In Gambia

the frequencies reported in the Jola population
were higher compared to those of Mandinka
(Socé), Fula (Halpulaar), and Wolof populations
even higher than those of the subjects in

Int J Biochem Mol Biol 2022;13(2):5-16
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Table 4. Effects of modifier genes of sickle cell anemia
on microglucosuria

Odds 95% Confidence

. . -value
ratio interval p

Age (years) 0.96 0.89-1.03 0.300
Sex 1.66 0.26-10.47 0.588
Body Mass Index (kg/m?) 0.95 0.82-1.10 0.523
Tubular proteinuria 3.39 0.71-16.17 0.126

Glomerular hyperfiltration 0.77 0.12-4.91 0.783

Pronounced hemolysis 11.41  1.18-110.36 0.035
Microcytosis 0.19 0.03-1.42 0.106
Pseudo-hyperchromia 0.84 0.13-5.44 0.852
Xmnl rs7482144 1.19 0.20-7.23 0.846
BCL11A rs4671393 1.39 0.26-7.49 0.701

3.7 + NPRL3 rs11248850 2.07 0.23-18.27 0.513

Table 5. Effects of modifier genes of sickle cell anemia
on hyposthenuria

0Odds 95% Confidence

. . -value
ratio interval P

Age (years) 1.06 1.01-1.12 0.017
Pronounced hemolysis 2.55 0.92-7.08 0.072
Microcytosis 0.26 0.07-0.94 0.041
Pseudo-hyperchromia 0.40 0.12-1.33 0.137
Xmnl rs7482144 1.38 0.45-4.30 0.572
BCL11A rs4671393 1.97 0.71-5.50 0.194

3.7 + NPRL3rs11248850 1.32 0.30-5.75 0.713

Table 6. Effects of modifier genes of sickle cell anemia
on glomerular hyperfiltration

Odds 95% Confidence

. ) -value
ratio interval P

Age (years) 0.99 0.94-1.05 0.856
Sex 1.06 0.30-3.68 0.929
Body mass index (kg/m?) 1.03 0.95-1.12 0.462
High blood pressure 1.03 0.10-10.67 0.978
Pronounced hemolysis 0.28 0.09-0.87 0.028
Microcytosis 2.16 0.54-8.59 0.275
Pseudo-hyperchromia 1.91 0.51-7.19 0.339
Xmnl rs7482144 0.45 0.12-1.67 0.230
BCL11A rs4671393 0.66 0.20-2.15 0.492

3.7 + NPRL3rs11248850 17.69  1.85-169.31 0.013

Gambia as a whole [30]. These ethnic groups

61.9% in kids [18] and 58% in adults
[29]. In contrast, no subject in our study,
like Jola or Mandinka patients in the
Gambian study, was homozygous for
Xmn1-rs7482144 variant [30]; and only
2% of Fula and 1% of Wolof patients in
the Gambian study were homozygous
for Xmn1-rs7482144 variant [30]. The
non-concordance of our data in geno-
typic and allelic frequencies with both
previous Senegalese studies could be
explained by a difference in “ethnic”
composition of our respective study
populations although patient’s recruit-
ment was not based on “ethnic” origins
for these studies. A complementary
study should be initiated to validate or
invalidate this hypothesis. Another pos-
sible explanation could be patients’
recruitment protocol: no more than one
family member could be recruited in our
study. This was likely to have contribut-
ed reducing frequencies in our series.

Univariate statistical analysis did not
show an association between Senegal
haplotype and biomarkers of kidney
dysfunction in our series. Similarly, it
did not indicate an association between
Bantu haplotype and biomarkers of kid-
ney dysfunction in American [5] and
Brazilian [10] patients living with SCD.
This should lead us to the conclusion
that there is no association between
the haplotypes of the BS-globin cluster
and kidney dysfunction. However, multi-
variate analysis performed in our study
allowed the removal of confounding fac-
tors and revealed that Senegal haplo-
type was indeed a protective factor
against albuminuria stage A2 with an
OR =0.22 (95% CI 0.05-0.90) [Table 1].
This protective effect of Senegal haplo-
type against albuminuria stage A2 may
be due to the fact that Senegal haplo-
type contributes to maintaining a high
level of HbF production, which opposes
the polymerization of HbS and its dele-
terious effects.

Likewise, BCL11A-rs4671393 variant may

along with the Séréres account for the majority
of the Senegalese population. Furthermore,
both previous studies conducted in Senegalese
sickle cell patients showed the presence of a
homozygous state Xmn1-rs7482144 variant at
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modify the clinic of SCD by maintaining a
high HbF production [16, 17]. The genotypic
(55.33%) and allelic (33%) frequencies of
BCL11A-rs4671393 variant obtained in this
study agree with those reported by the GGVP
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for the Gambian study population, 51.1% and
29.6% respectively [30]. The study of the
impact of BCL11A-rs4671393 variant on kid-
ney dysfunction by univariate analysis showed
that this variant was not associated with albu-
minuria stage A2 (n =121;r=-0.16; p =0.083),
tubular proteinuria (n = 114; r = -0.165; p =
0.079) or other biomarkers of kidney dysfunc-
tion [41]. However, multivariate analysis reve-
aled that BCL11A-rs4671393 variant was a
protective factor against albuminuria stage A2
with an OR = 0.27 (95% Cl 0.08-0.96) probably
through the same mechanism as the Senegal
haplotype [Table 1].

Beside the QTLs (quantitative trait loci) of HbF
that affect the BS-globin gene cluster, other
variations can affect the a-globin gene clus-
ter, namely, alpha-thalassemic deletions (e.g.
3.7kb HBA1/HBA2 deletion) [31] and NPRL3-
rs11248850 [12, 13, 20]. The latter acts on
the regulation of the expression of a-globin
genes [12, 13, 20].

In this study, the genotypic and allelic frequen-
cies of 3.7kb HBA1/HBA2 deletion was 21.26%
and 12% respectively. These findings are com-
parable to those previously found in Senega-
lese population living with SCD (20.7% and
12%) [18]. Evaluation of its influence on kidney
dysfunction by univariate statistical analysis
revealed that 3.7kb HBA1/HBA2 deletion was
not associated with tubular proteinuria (N =
111; r = -0.16; p = 0.099) or with glomerular
hypofiltration (N = 104; r = -0.19; p = 0.056),
much less with other biomarkers of kidney
dysfunction [41]. This would mean that 3.7kb
HBA1/HBA2 deletion could not be associated
with kidney dysfunction in a population living
with SCD with a high prevalence of Senegal
haplotype. In Cameroonian [8], American [5]
and West Indian [6, 7] populations living with
SCD where Senegal haplotype was very rare
but where Bantu [5-8] or Benin [8] haplotypes
was very common, univariate statistical analy-
sis showed that 3.7kb HBA1/HBAZ2 deletion
seemed to protect patients from albuminuria
stage A3 (macroalbuminuria). But, in those
studies [5-8], 3.7kb HBA1/HBA2 deletion was
not associated to albuminuria stage A2.

As for NPRL3-rs11248850 variant, its geno-
typic (32.88%) and allelic (18%) frequencies
observed in our series were comparable to the
genotypic (31.3%) and allelic (17.8%) frequen-

12

cies reported by the GGVP for the Gambian
study population [30]. Evaluation of the eff-
ect of NPRL3-rs11248850 variant on kidney
dysfunction by univariate statistical analysis
showed that it was negatively associated with
albuminuria stage A2 (N = 125; r =-0.21; p =
0.017), proteinuria (N = 124; r = -0.20; p =
0.026) and tubular proteinuria (N = 118; r
-0.22; p = 0.017) but it was not associated
with the other biomarkers of kidney dysfunct-
ion [41]. In other words, the higher the frequen-
cy of NPRL3-rs11248850 variant was, the
lower the albuminuria stage A2, proteinuria and
tubular proteinuria observed in our series. It
was the only variant among the four studied
to be significantly associated with biomarkers
of kidney dysfunction in univariate statistical
analysis. It may be a genetic protective factor
against sickle cell nephropathy. Multivariate
statistical analysis was used to assess proba-
bility of its protective effect against kidney dys-
function. Models were generated by logistic
regression for each of the biomarkers of kidney
dysfunction without considering the combina-
tion of NPRL3-rs11248850 variant and 3.7kb
HBA1/HBA2 deletion; the results showed that
the variants were not associated with any
biomarkers [41]. Given that NPRL3-rs1124-
8850 would be involved in the regulation of
HBA1/HBA2 gene expression, a multivariate
statistical analysis considering the combina-
tion of NPRL3-rs11248850 variant and 3.7kb
HBA1/HBA2 deletion seemed reasonable. The
combination between the two variants was
justified as they were the only two variants
that showed a positive association upon the
univariate statistical analysis (N = 120; r =
0.21; p = 0.021) [41]. In our series, 10.79% of
patients with SCA exhibited both NPRL3-
rs11248850 variant and 3.7kb HBA2/HBA1
deletion. In univariate statistical analysis, this
combination was positively associated with glo-
merular hyperfiltration (N = 112; r = 0.31; p =
0.001) but negatively associated with albumin-
uria stage A2 (N = 128; r =-0.19; p = 0.034)
[41]. Patients living with SCA who express both
3.7kb  HBA1/HBA2 deletion and NPRL3-
rs11248850 variant developed glomerular
hyperfiltration more frequently and albuminuria
stage A2 less frequently. When this combina-
tion was taken into account in the logistic
regression models of each biomarker of kidney
dysfunction, it was revealed that 3.7kb HBA1/
HBA2 deletion when combined with NPRL3-
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rs11248850 variant had a protective effect
against albuminuria stage A2 (OR = 0.087; 95%
Cl 0.01-0.78) but represented a risk factor for
glomerular hyperfiltration (OR = 17.69, 95%
Cl 1.85-169.31) [Tables 1, 6]. By taking into
account the combination of 3.7kb HBA1/HBA2
deletion and NPRL3-rs11248850 variant in
the logistic regression models the protective
effects of Senegal haplotype and BCL11A-
rs4671393 variant against albuminuria stage
A2 were revealed [Table 1]. The mechanism by
which 3.7kb HBA1/HBA2 deletion and NPRL3-
rs11248850 would affect albuminuria stage
A2 and glomerular hyperfiltration in Senegalese
with SCA would necessarily imply their “opposi-
tion” to pseudo-hyperchromia. The combina-
tion of NPRL3 rs11248850 variant - 3.7kb
HBA1/HBA2 deletion was negatively associat-
ed with pseudo-hyperchromia (N = 126; r =
-0.20; p = 0.024) when it was not associated
neither with pronounced hemolysis nor micro-
cytosis or hypochromia [41]. This mechanism is
even more interesting given the fact that pseu-
do-hyperchromia is considered to be a marker
of erythrocyte dehydration which promotes
erythrocyte sickling [32]. To confirm this mech-
anism, future studies will be required to investi-
gate the association between kidney dysfunc-
tion and the activity of PS¢ Gardos channel
(KCNN4) and K-CI cotransport channels (KCC1,
KCC3, KCC4) which have maijor roles maintain-
ing red cell hydration in sickle cell anemia [33,
34]. They will also need to evaluate the associa-
tion between the combination of the 3.7kb
HBA1/HBA2 deletion - NPRL3-rs11248850
variant and the activity of Ps, Gardos channel
(KCNN4) and K-CI cotransport channels (KCC1,
KCC3, KCC4). If these associations are effec-
tively established, a therapeutic strategy aimed
at decreasing the activity of these different
channels and maintaining well hydrated red
blood cells could help prevent sickle cell
nephropathy.

During hemolysis, the hemoglobin released is
filtered through the renal glomerulus and reab-
sorbed at the proximal tubule where its catabo-
lites could be toxic on the tubular cells [21, 35].
This causes defective reabsorption leading to
proteinuria, particularly tubular proteinuria, and
microglucosuria. Thus, pronounced hemolysis
was a risk factor for proteinuria (OR = 3.30;
95% Cl 1.14-9.53), tubular proteinuria (OR =
3.52; 95% Cl 1.17-10.57) and microglucosuria
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(OR=11.41;95%1C 1.18-110.36) [Tables 2-4].
Microglucosuria could be the result of renal
tubular injury caused by hemolysis and could
be used as an early diagnostic biomarker of
renal tubular injury in patients with SCA.
Microglucosuria could be an alternative in our
low to middle-income countries (LMICs) like
Senegal where conventional biomarkers of
tubular lesions (a1-microglobulin, B2-microglo-
bulin, retinol binding protein (RBP), N-acetyl-
glucosaminidase (NAG) are mostly inaccessible
[36, 37]. For example, in Senegal, one special-
ized laboratory performs the B2-microglobulin
assay not for the diagnosis of tubular lesions
but rather for the monitoring of HIV patients.
Urinary glucose assay can be performed in
almost any diagnostic or clinical laboratory in
LMICs, including Senegal. However, to validate
this biomarker, research to assess the correla-
tion between microglucosuria and conventional
tubulopathy biomarkers such as al-microglo-
bulin, B2-microglobulin, RBP and/or NAG should
be undertaken on a new cohort of patients liv-
ing with sickle cell anemia.

In our study, the odds of finding out proteinuria
were 3.5 higher among sickle cell patients hav-
ing albuminuria stage A2 as compared to those
with albuminuria stage A1, since albumin is
included among proteins measured by pyrogal-
lol red-molybdate method [Table 2].

Advanced age was a risk factor for hyposthenu-
ria (OR = 1.06; 95% CI 1.01-1.12) [Table 5]. The
loss of urine concentration power would be
age-dependent [38]. This loss can be corrected
before the age of 15 years by repeated blood
transfusions; after this time, it would become
irreversible [38].

There are several limitations of this study. One
such limitation is that bilirubinemia and aspar-
tate aminotransferase activity were not ana-
lyzed. This would have allowed the use of the
hemolytic score for a more objective assess-
ment of hemolysis in patients [39]. In addition,
the HbF level was not available to be taken into
account in regression models which would
have made them more predictive since Xmn1-
rs7482144 and BCL11A-rs4671393 variants
would modulate the clinical expression of sickle
cell disease by increasing the residual HbF
level. Variants recognized as risk factors for the
occurrence of renal failure even outside of sick-
le cell disease, such as APOL1 variants, were
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excluded in this study [8, 9, 40]. Future studies
will need to use hemolytic score and HbF level
and other genetic variants such as APOL1 vari-
ants in a sickle cell population where Senegal
haplotype is frequent to improve the regression
models and to confirm our results.

Conclusion

This study confirmed that the Senegal haplo-
type (Xmnl-rs7482144) is the most prevalent
(61.59%, n = 85) haplotype of BS-globin clus-
ter in Senegalese sickle cell patients and
that 3.7kb HBA1/HBA2 deletion is present in
21.26% (n = 27) of this population. Moreover,
it showed that BCL11A-rs4671393, NPRL3-
rs11248850 variants are expressed among
the subjects at (55.33%, n = 83) and 32.88%
(n = 48) respectively. Moreover, 10.79% (n =
15) of patients in this study express both
NPRL3-rs11248850 variant and 3.7kb HBA1/
HBA2 deletion. It also showed that Senegal
haplotype as well as the BCL11A-rs4671393
variant are protective factors against albumin-
uria stage A2 in patients with SCA. The data
presented demonstrated that a concomitantly
expression of NPRL3-rs11248850 variant and
3.7kb HBA1/HBA2 deletion could be a protec-
tive factor against albuminuria stage A2. On
the other hand it could also be a risk factor in
terms of glomerular hyperfiltration. Hence,
these gene modifiers represent relevant bio-
markers in predicting the clinical features of
kidney dysfunction in patients with SCA.
Furthermore, this study argued that microglu-
cosuria could be the result of renal tubular
damaged caused by hemolysis and could
therefore be used as an early diagnostic bio-
marker of sickle cell nephropathy.
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