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Abstract 

Background Sickle cell nephropathy is a complication of sickle cell disease characterized by functional abnormalities 
of the kidney and glomeruli. Our study aimed to investigate the single-nucleotide genetic variants in TGF-β-1-related 
genes as an early predictor of sickle cell nephropathy (SCN) risk.

Methods Two hundred participants, 100 patients with SCD, and 100 age and sex-matched control. The study 
included full history taking, clinical examination, and laboratory evaluation. Renal function tests (serum urea and cre-
atinine, microalbuminuria, albumin/ creatinine ratio, and e-GFR). Genotyping for TGF-β1 genetic variants rs1800469 
and rs1800471.

Results Twenty-one percent of patients had glomerular hyperfiltration, while 31% had reduced e-GFR. Microalbumi-
nuria was present in 14%, and none had macroalbuminuria or edema. TGF-β1 genotyping revealed a statistically sig-
nificant difference in the rs 1800471 C allele, which was more common in the control group (p 0.028). No significant 
correlation between the result of TGF‐ β genotyping and the albumin-to-creatinine ratio, creatinine, and e-GFR.

Conclusion TGF-β1 rs1800469 and rs1800471 genetic variants were not associated with the risk of sickle nephropa-
thy in children with sickle cell disease.
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Background
Sickle cell disease (SCD) is an autosomal recessive hemo-
globinopathy arising from the substitution of valine for 
glutamine at the sixth amino acid of the β-globin chain 
[1]. This point mutation affects the solubility and stability 
of the hemoglobin molecule, allowing the formation of 
rigid polymers in red blood cells upon deoxygenation [2].

SCD is a unique disease characterized by hemolytic 
anemia, recurrent vascular occlusions, a systemic inflam-
matory state substantial multiorgan disease [3].

Sickle cell nephropathy (SCN) is one of the recog-
nized complications of SCD, causing significant morbid-
ity and mortality in patients with end-stage renal disease 
(ESRD). It affects nearly 30–50% of adults with SCD [4] 
with asymptomatic onset in childhood and could develop 
into chronic kidney disease [5].

SCN could not be diagnosed at its subclinical stages as 
renal function biomarkers cannot detect the early deteri-
orating changes in renal functions, especially in children 
[6]. SCN invariably begins in childhood with evidence of 
structural changes detected as early as infancy [7].
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Several genetic variants of cytokines and cytokines-
related genes were found to be related to the clinical 
course and complications of sickle cell disease [8]. Find-
ing genetic markers that indicate susceptibility to SCN as 
a profound complication of SCD is crucial for early dis-
ease management and possible preventive interaction.

There have been several cytokines implicated in the 
sickle cell anemia pro-inflammatory conditions, includ-
ing interleukin (IL)1β, IL6, tumor necrosis factor-ɑ, and 
transforming growth factor β-1 (TGF-β1), which are 
responsible for both chronic and acute inflammatory 
events [9].

TGF-β is a multifunctional cytokine peptide of low 
molecular weight. It has three closely related isoforms 
TGF-β1, TGF-β2 and TGF-β3. TGF-β has dual effects, 
which are pro-inflammatory and anti-inflammatory, with 
a pronounced immunosuppressive effect [10]. TGF-β1, 
-β2, and -β3 share 71–80% sequence identity and signal 
through the same receptors [11]. Transforming growth 
factor β1 (TGF-β1) was found to be an indispensable 
immunoregulator promoting CKD progression by con-
trolling the activation, proliferation, and apoptosis of 
immunocytes via both canonical and non-canonical 
pathways [12]. It functions in autocrine and paracrine 
manners to regulate cell proliferation, differentiation, 
apoptosis, adhesion, immunity, and extracellular matrix 
(ECM) turnover in the kidneys. It has fibrogenic action 
through enhancing the production of extracellular 
matrix proteins [10]. Several genetic variants have been 
proved to affect TGF-β1 production and functions, such 
as (rs1800469), which is in the promoter region of TGF-
β1 gene that can alter the rate of secretion of TGF-β1 
and hence the circulating levels of mature TG-β1 [10], 
whereas the (rs1800471) was reported to affect the level 
of TGF-β1 as well as be associated with inter-individual 
variation in levels of the TGF-β1 production in vitro and 
with fibrosis in lung allografts [13, 14].

To our knowledge, there are no previous studies link-
ing genetic variants of TGF-β1 related genes and sickle 
cell nephropathy despite being studied for the association 
of non-diabetic chronic end-stage kidney disease [15]. 
Therefore, the aim of our study was to investigate the 
correlations between genetic variants in TGF-β-related 
genes and the risk of sickle cell nephropathy as well as 
other clinical and laboratory data of SCD cases.

Methods
For this case–control study, a hundred pediatric con-
firmed SCD patients were recruited from the hematology 
outpatient clinic of Cairo University Children’s Hospi-
tal in December 2020. They were in steady state condi-
tion (no history of intercurrent illness such as infection, 
inflammation, or painful crises or hospital admission 

during the previous 4  weeks) [16]. Research and Eth-
ics Committee of Cairo University approved the study 
protocol and the consent process SCD patients with any 
other chronic inflammatory condition, any metabolic or 
endocrinal problems, clinically evident infection, and 
receiving a blood transfusion in the last 3  months were 
excluded from the current study.

Another hundred age and gender-matched healthy 
children were recruited from the surgery outpatient 
clinic. After obtaining each participant’s signed, informed 
consent. blood samples were collected. Patients’ medi-
cal reports were reviewed for the following data (date of 
birth, age, sex, consanguinity, age at diagnosis, present-
ing symptoms, duration of follow-up, exchange transfu-
sion, and history of other siblings and/or close relatives 
with SCD). The patient’s height, weight, and body mass 
index were assessed. Other findings, including jaundice, 
pallor, organomegaly, history of crises, and transfusion 
history, were recorded. Two milliliters of the EDTA tube 
were withdrawn for complete blood count and hemo-
globin electrophoresis. Two milliliters on a plane tube 
were used for routine chemistry, including renal function 
tests. Another 2 ml of blood in the EDTA tube was with-
drawn for genotyping. A mid-stream early morning urine 
sample in sterile cups was ordered for albuminuria and 
albumin/creatinine ratio analysis.

Genotyping of TGF-β1 was performed by restriction 
fragment length polymorphism polymerase chain reac-
tion (RFLP-PCR) analysis as described before [17].

DNA extraction was done using a Gene JET Genomic 
DNA purification kit (Cat. #K0721 #KO72, Fermentas 
Life Sciences, Canada), and extracted DNA was stored 
at − 20 °C.

The used primers to investigate TGF-β1 genetic vari-
ants, enzymes used for digestion and reaction conditions 
are summarized in Table  1, (primers were provided by 
(Invitrogen, Thermo Fisher Scientific, UK).

The PCR experiments were conducted using a DNA 
thermal cycler (Perkin Elmer No.: 9600).

This was followed by digestion of the PCR amplicon 
by the specific restriction enzyme, the digested products 
were subjected to agarose electrophoresis and then visu-
alized by Ethidium bromide under UV lamb Eco81I (Cat. 
No.: ER0372, Thermo Fisher) was used for rs1800469, 
while BGLI enzyme (Cat. No.: ER0071, Thermo Fisher) 
was used for rs 1800471.

Statistical analysis
Data were analyzed by the Statistical Package for Social 
Science (IBM SPSS) version 20. The qualitative data were 
presented as numbers and percentages, while quantita-
tive data were presented as mean, standard deviations, 
and ranges when their distribution was found parametric. 
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The comparison between two groups with qualitative 
data was made using the chi-square test, and the exact 
Fisher test was used instead of the chi-square test when 
the expected count was found in less than five. The com-
parison between two independent groups with quantita-
tive data and parametric distribution was made using an 
independent t test. The comparison between more than 
two independent groups with quantitative data and para-
metric distribution was made using the one-way ANOVA 
test. The comparison between two independent groups 
with quantitative data and non-parametric distribution 
was made using the Mann–Whitney test. The compari-
son between more than two independent groups with 
quantitative data and non-parametric distribution was 
made using Kruskal–Wallis. Pearson correlation between 
numerical data, the confidence interval was set to 95%, 
and the margin of error accepted was set to 5%. So, the p 
value was considered significant as P < 0.05 = significant.

Results
Hundred SCD patients were enrolled in this study, 44% 
of whom were females and 56% were males. There were 
69 patients with SCA, three with sickle cell trait, 26 with 
Hb S/B + thalassemia, and two with Hb S/B0 thalassemia. 
The patients in this study had a median age (IQR) of 9 
(5–13) years (range 2–17.7 years). The recruited patients’ 
mean weight was 27.78 ± 11.67 (range 10–64) kg. Their 
mean height was 152.22 ± 11.67 (range 83–156) cm. Their 
mean BMI was 16.88 ± 2.71 (range 10.38–28.07).

The average hemoglobin (HB)of the studied patients 
with SCD was 8.5 ± 1.5  g/dl; range 5.4–13.8  g/dl, hema-
tocrit 24.6 ± 6.67%; range 17.2–75.9, mean corpus-
cular volume 77.2 ± 1.38; range 21.6–113.6, platelets 
296.37 ± 126.57 platelets/µl; range 101–759, creatinine 
0.5 ± 0.14  mg/dl; range 0.2–1.1, urea 20.13 ± 3.4  mg/dl; 
range 4–27.9, and e-GFR 106 ± 28.7  ml/min/1.73   m2; 
range 57–212. The median and inter-quartile range (IQR) 

absolute neutrophilic count was 3332 (2258–4808), range 
442–14,472, and urinary albumin and creatinine ratio 
9 (4.6–18.7); range 0.6–74. The average hemoglobin A1 
was 16.55%, hemoglobin A2 was 2.5%, hemoglobin F was 
4.05, and hemoglobin S was 62.4%.

The primary complications of SCD in the studied 
patients were vaso-occlusive crisis (82%), recurrent and 
unpredictable episodes of acute pain in the arms, legs, 
joints, and back, 2% with cardiovascular disease, and 
1% with acute chest pain). The vaso-occlusive crisis was 
significantly higher in patients with G/G polymorphism 
(Table 3). GG genotype also had an earlier age for presen-
tation and that finding was not associated with a signifi-
cant change in HB S level. While gall bladder stone was 
documented in 4% requiring cholecystectomy, and acute 
splenic sequestration (4%) requiring splenectomy.

Hydroxyurea, dosage with an average dose of 
633.53 ± 300.06  mg/day, was prescribed in 85% of the 
recruited patients with SCD. Iron chelators were pre-
scribed to 16% of our patients. The main prescribed iron 
chelator in our research was Deferiprone (62.5%), fol-
lowed by Deferasoirox (31.3%) and Deferoxamine (6.2%). 
Many patients needed blood transfusions (81%).

The genotyping results of both cases and controls are 
illustrated in Fig. 1, and there was no statistically signifi-
cant difference between them regarding rs1800469 pro-
motor and rs 1,800,471 genetic variants (p = 0.12, 0.26), 
respectively. At the same time, the dominant and reces-
sive modes comparison between the cases and controls 
are illustrated in Table  2 with no statistically significant 
difference between cases and controls.

However, an allelic mode comparison, revealed that the 
C allele of rs1800471 was more common in the control 
group than in the SCD group.

Table  3 illustrates the difference in the clinical pic-
ture of different genotyping results. In the cases of rs 
1,800,471, GG experienced early presentation and had 

Table 1 Primers and PCR reaction conditions

Genetic variant Primer sequence Reaction conditions Product size (bp) Restriction 
enzyme

Fragment length

rs 1800469 Forward: 5′-CAG 
TAA ATG TAT GGG 
GTC GCAG -3′
Reverse: 3-GGT GTC 
AGT GGG AGG AGG 
G 5′

Initial denaturation at  950 C for 5 min. followed 
by 36 cycles of: ¬ Denaturation at  950 C for 40 s 
¬ Annealing at  650 C for 40 s ¬ Extension at  720 C 
for 1 min. ¬ Final extension step at  720 C for 10 min

153 Eco81I CC:153
CT:153,36,117
TT:36,117

rs 1800471 F:5′GTT ATT TCC GTG 
GGA TAC TGA GAC -3′,
R:5′-GAC CTC 
CTT GGC GTA GTA 
GTCG-3

Initial denaturation at 95 °C for 5 min. − 35 cycles 
of 95 °C for 30 s Annealing at 62.2 °C for 40 s exten-
sion at 72 °C for 30 s. Final extension step at 72 °C 
for 10 min

524 bp BGLI GG: 252 + 212 + 60
CC: 312 + 212
GC; 252,212,60,252
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more VOC. No difference between the different geno-
types and all other clinicopathological features of both 
genetic variants.

There was a statistically significant negative correla-
tion between BUN, urea, creatinine, and HBF percentage 
(p 0.04, 0.041, 0.0, and 0.02)and there was a statistically 
significant positive correlation between age, height, and 
e-GFR (p 0.024, 0.032), respectively, results, glomerular 
hyperfiltration rates characterization to normal GFR, 
hyperfiltration and diminished GFR with correlation to 
clinical and laboratory findings and genotyping results, 
revealed that GFR hyperfiltration was affected by age, 
weight, height, creatinine, and blood transfusion, as illus-
trated in Table 4.

Table  5 shows that there was no statistically signifi-
cant difference between patients with sickle cell anemia 
(HBSS) and other sickle cell anemia types regarding 
renal functions, ACR, and molecular results of TGF-β1 
genotyping.

Discussion
In our result, 21% of patients had glomerular hyper-
filtration (e-GFR > 125  ml/min/1.73   m2), while 31% of  
them had reduced e-GFR and the rest had normal ranges 
from 90 to 125  ml/min/1.73   m2. Similarly, (Ghobrial  
et al. 2016) reported glomerular hyperfiltration (177.44 ±  
35.6  mL/min/1.73   m2) in patients with SCD, so It was 
recommended to monitor the renal function of children 

Fig. 1 Distribution of genotypic polymorphism of TGF-β1 in cases and controls

Table 2 Genotypes and allele frequencies as well as dominant and recessive mode comparisons of studied polymorphisms of TGF-β1

Cases Controls OR 95% CI p value

rs 1800469 Recessive CC 26 18 1.6 0.81–3.15 0.127

TT + CT 74 82

Dominant CT + CC 84 76 1.66 0.82–3.35 0.157

TT 16 24

Genotyping C/C 26 18 0.214

Genotyping C/T 58 58

Genotyping T/T 16 24

C Allelle C 110 94 0.86 0.701–1.056 0.317

T allelle T 90 106 2

rs 1800471 Genotyping GG 88 80 0.54 0.25–1.19 0.127

Genotyping GC 12 20

G Allele G 192 181 0.86 0.701–1.056 0.028

C allele C 8 19
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with sickle cell disease, especially in homozygotic (Hb SS) 
patients [18].

Furthermore, Nnaji et  al. 2020 indicated that abnor-
mally high e-GFR in children with asymptomatic sickle 
cell anemia was observed and assumed to progress to 
chronic kidney disease; therefore, regular monitoring of 
renal function in asymptomatic pediatric patients with 
sickle cell disease and implementing management pro-
tocol is crucial to avoid anemic or crises episodes and 
advanced kidney disease.

Glomerular damage in sickle cell anemia was suggested 
to be caused by the damage of the cytoskeleton of cells 
called podocytes that line the visceral surface of Bow-
man’s capsule. Such damage was assumed to be caused 
by chronic ischemia–reperfusion injury occurring during 
vaso-occlusion episodes in sickle cell disease, therefore 
subsequent activity of TGF-β1 could lead to further dam-
age and apoptosis of podocytes and glomerular damage 
[19]. Agata et al. 2014 noted that in patients with sickle 
cell disease, due to the internal medulla microenviron-
ment being hypoxic, acidic, and hyperosmolar, polym-
erization of deoxygenated hemoglobin S results in RBC 

sickling and microinfarction causing reduced medullary 
blood flow, but if the hypoxia deteriorates, prostaglandins 
are released causing marked vasodilation and glomerular 
hyperfiltration [20].

In the current study, microalbuminuria was diagnosed 
in fourteen patients (14%) and none had macroalbumi-
nuria or edema. Such results were in agreement with 
Belisário et al.,2020 study that reported the earliest mani-
festation of renal disease in pediatric SCD is an increase 
in the glomerular filtration rate and the occurrence of 
microalbuminuria [21].

Persistent proteinuria in children with SCD usually fol-
lows the occurrence of glomerular hyperfiltration, then 
the GFR is reduced as the sickle nephropathy progresses 
[22].

Microalbuminuria was found to be a good preclini-
cal marker of glomerular damage predicting progres-
sive renal failure in pediatric patients with SCD [23]. 
Ocheke and his colleagues reported that anemia and 
high e-GFR are risk factors for microalbuminuria and 
that the glomerular filtration rate was higher in chil-
dren with microalbuminuria than those who do not 

Table 3 Comparison between rs 1800469 and rs 1800471 genetic variants regarding demographic data and laboratory findings

rs 1800469 rs 1800469 rs 1800471

C/C
No = 26

C/T
No = 58

T/T = No = 16 P value GG
N = 88

GC
N = 12

P value

Age of onset (month)
Median (IQR)

12 (9–18) 12(9.25–24) 12(9–15) 0.92 12(9–18) 48(24–48) 0.047

Gender 0.8

 Female 11 (42.3%) 25 (43.1%) 8 (50.0%) 0.868 39 5

 Male 15 (57.7%) 33 (56.9%) 8 (50.0%) 49 7

Weight (kg) 25.96 ± 10.20 29.39 ± 12.60 24.88 ± 9.82 0.258 28.1 ± 11.8 25.63 ± 10.7 0.499

Height (cm) 122.15 ± 18.69 127.59 ± 20.44 121.63 ± 19.83 0.379 125.6 ± 19.7 122.75 ± 22.3 0.649

BMI 16.62 ± 2.34 17.15 ± 2.98 16.31 ± 2.16 0.466 16.9 ± 2.8 16.2 ± 2.13 0.368

Vaso-occlusive crisis 20 (76.9%) 48 (82.8%) 14 (87.5%) 0.669 75 (85.2%) 7 (58.3%) 0.023

Acute chest syndrome 0 (0.0%) 0 (0.0%) 1 (6.2%) 0.071 1 (1.1%) 0 (0.0%) 0.711

CVS 0 (0.0%) 2 (3.4%) 0 (0.0%) 0.478 2 (2.3%) 0 (0.0%) 0.598

Cholecystectomy 1 (3.8%) 0 (0.0%) 3 (18.8%) 0.652 4 (4.5%) 0 (0.0%) 0.451

Splenectomy 3 (11.5%) 1 (1.7%) 0 (0.0%) 0.071 4 (4.5%) 0 (0.0%) 0.451

Blood transfusion 19 (73.1%) 46 (79.3%) 16 (100.0%) 0.085 71 (80.7%) 10 (83.3%) 0.83

Hemoglobin 9.2 ± 1.9 8.8 ± 1.4 8.2 ± 0.9 0.3 8.71 ± 1.5 9.42 ± 1.46 0.13

HCT 27.11 ± 5.50 26.1 ± 7.7 23.9 ± 2.9 0.167 25.8 ± 6.9 27 ± 5.2 0.57

BUN mg/dl 9.53 ± 3.52 9.98 ± 3.67 10.38 ± 2.60 0.74 9.79 ± 3 10.94 ± 5.96 0.28

Serum creatinine 0.53 ± 0.18 0.51 ± 0.13 0.51 ± 0.11 0.811 0.52 ± 0.14 0.5 ± 0.13 0.84

ACR median (IQR) 7 (3–9.7) 9 (5–20) 12.5 (6–15) 0.517 9 (4.75–17) 9.35 (5–31) 0.38

e-GFR 107.00 ± 32.80 112.93 ± 30.90 106.60 ± 21.72 0.611 110.7 ± 30.8 107.95 ± 24.6 0.77

HbS 55.72 ± 16.63 62.00 ± 17.99 61.18 ± 18.95 0.323 60.9 ± 17.2 55.23 ± 22.3 0.3

HbA1 40.02 ± 20.72 36.39 ± 22.59 29.58 ± 23.26 0.432 34.9 ± 22.1 46.7 ± 20.2 0.11

HbA2 2.51 ± 0.46 2.53 ± 0.48 2.58 ± 0.54 0.917 2.55 ± 0.49 2.42 ± 0.36 0.37

HbF 24.56 ± 8.07 23.25 ± 10.06 22.54 ± 12.00 0.901 23.48 ± 9.8 20.8 ± 18.1 0.71
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(p ≤ 0.01) and it was also higher in children with sickle 
cell disease than in control [24]. The vaso-occlusive cri-
sis was diagnosed in 82% of patients and 96% of them 
(n = 75) needed hospitalization. The vaso-occlusive 
crisis in sickle cell disease is due to the young sticky 
erythrocytes containing hemoglobulin S attaching 
to the walls of capillary venules leading to narrowing 
of their lumens which leads to the decrease in blood 
velocity and an increase in erythrocytes transient time; 
therefore, HB S become deoxygenated and subsequent 
erythrocyte sickling occurs; moreover, necrosis of the 
affected vascular area and inflammatory response are 
initiated which produce pain [25].

A previous study indicated that reduced e-GFR 
occurred during the vaso-occlusive crisis [26]. Moreover, 
Sarray et al. observed reduced IL-10 and increased IL-6 
and TNFα levels during the vaso-occlusive crisis in pedi-
atric sickle cell disease patients [27].

Hydroxyurea was the key treatment in 85% of our 
patients. In a previous study, it was found to be an effec-
tive and proven medication to reduce the frequency 
of painful episodes by 50% in sickle cell disease, it also 
decreases the rate of blood transfusions by inducing the 
production of Hb F [28].

In our study, four patients developed gallbladder stones 
and needed cholecystectomy. Cholelithiasis results from 
the chronic accelerated rate of erythrocyte destruction 
in individuals with sickle cell disease leading to the for-
mation of insoluble calcium bilirubin that precipitates 
to form gallstones [29]. The rs1800469 polymorphism 
changes codon 25 which encodes arginine into proline in 
the signal peptide of TGF-β1. The amino acid substitu-
tion affects signal peptide properties that may inhibit the 
transport of TGF-β1 into the endoplasmic reticulum and 
eventually decline cytokine production. The arginine sub-
stitution into proline decreased the polarity of the signal 

Table 4 GFR relation to clinical and laboratory findings in cases with SCD

Glomerular hyperfiltration Normal GFR Reduced GFR P value
(n = 21) (n = 48) (n = 31)

Gender

 Male 10 24 10 0.28

 Female 11 24 21

Age (year) 9.3 ±  − 4.5 10.3 ± 4 7.6 ± 4.5 0.03

Height (cm) 124.6 ± 21.1 130.7 ± 17.3 117.2 ± 20.7 0.01

weight (kg) 27.5 ± 10.9 30.26 ± 17.3 24.1 ± 11.9 0.07

BMI kg/m2 16.9 ± 1.9 17.02 ± 2.9 16.6 ± 2.9 0.82

Chelator

 No 20 36 28 0.055

 Yes 1 12 3

Hydroxyurea

 No 3 6 6 0.78

 Yes 18 42 25

Creatinine 0.36 ± 0.07 0.5 ± 0.07 0.64 ± 0.13  < 0.001

ACR Median (IQR) 9(6–17.25) 8(3–17) 9(5–18.5) 0.441

HG 8.6 ± 1.1 8.5 ± 1.4 9.3 ± 1.7 0.69

HBS 58.4 ± 19.6 62 ± 19.2 58.8 ± 14 0.64

HBSS 5 14 12 0.48

Other SCD (heterozygous) 16 34 19

Transfusion history

 No 5 1 13 0.01

 Yes 43 20 18

rs1800469

 CC 4 12 10 0.223

 CT 16 25 17

 TT 1 11 4

rs1800471

 GG 41 19 28 0.747

 GC 7 2 3
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peptide for TGF-β1. The increased hydrophobicity with 
increased binding energy of the signal peptide for TGF-
β1 to signal recognition particle and translocon of endo-
plasmic reticulum implies decreased protein complex 
stability in potentially blocking the transport of TGF-β1 
into the endoplasmic reticulum. This transport retention 
possibly hampers the synthesis and maturation of TGF-
β1 leading to decreased cytokine production [30]. Other 
authors have proved that higher TGF-β1 is associated 
with higher susceptibility to different infections, even for 
septicemia [31]. Both findings show that more suscepti-
bility to infections may increase sickling attacks [32].

In the current study the rs 1800471 G/G genotype had 
a higher incidence of vaso-occlusive attacks and ear-
lier onset of the disease-related symptoms that was not 
attributed to increased HbS concentration alone, could 
suggest a modifying effect on the HbS polymerization, 
which should be further studied, As TGF-β 1 was found 
to be associated with hemolysis, leukocytes, platelets, and 
lipid metabolism, this provides evidence that this immu-
nomarker likely modulates the inflammatory response in 
SCD in previous studies [33]. Previous studies described 
the effect of the presence of the G allele of rs 1800471 as 
associated with increased TGF-β1 production, this may 
explain a higher incidence of vaso-occlusive attacks and 
earlier onset of the disease-related symptoms [34].

In our study, a comparison between variants of the 
TGF-β1 gene between cases and controls. indicated the 
presence of a statistically significant difference regard-
ing the C allele of rs1800471, that the C allele was found 
more in the control group.

Previous studies noted that TGF- β1 polymorphism 
would regulate its expression and mediate the occurrence 
of several diseases such as rheumatoid arthritis, colorec-
tal carcinoma, diabetes mellitus, osteoporosis, asthma, 
Crohn’s disease, and fibrotic diseases of the skin and kid-
ney [35].

El-Sherbini et al. 2013 demonstrated that when TGF‐β 
binds to its receptors, it exerts signals via SMAD, activat-
ing MAP kinases. Such pathway controls cell prolifera-
tion, apoptosis, and response to tissue injury, infection, 
bone homeostasis, endothelial growth, diabetic nephrop-
athy, pulmonary fibrosis, inflammation, immune regula-
tion, and extracellular matrix synthesis [36]. Moreover, 
Santiago et al. 2021 revealed that the increased TGF-β1 
levels play essential roles in vascular remodeling, vas-
culopathy, angiogenesis, and inflammation in pediatric 
patients with sickle cell disease [33].

Regarding the hypothesis of using the urinary TGF‐β as 
a marker of renal dysfunction in sickle cell disease, a pre-
vious study by Ghobrial et al. 2016 [37] revealed that uri-
nary excretion of TGF-β1 was higher in sickle cell disease 
patients than in control children (p < 0.001).

Contrarily Sundaram, 2011 [38] indicated that urinary 
TGF‐β levels did not show any relationship with albu-
minuria in patients with sickle cell disease. Moreover, 
Mohtat, 2010 [39] reported elevated urine TGF- β1 levels 
in patients with sickle cell disease, but there was no cor-
relation between urinary TGF-β1 and microalbuminuria 
or eGFR.

Our results indicated no significant effect of TGF‐β1 
rs1800469 and rs1800471 genetic variants on the albu-
min-to-creatinine ratio (ACR), creatinine, and e-GFR in 
the case group. however prolonged period of microal-
buminuria precedes persistent proteinuria, which is fol-
lowed by renal failure in SCD patients. Therefore, early 
detection of microalbuminuria may allow earlier inter-
vention to prevent renal complications [40].

In progressive kidney failure, previous studies indicated 
the correlation between TGF‐β 1 genetic variants and 
the progression of chronic kidney failure and that TGF‐
β1 single nucleotide variants are helpful as a prognostic 
indicator of progressive kidney disease [41].

A recent study suggested that genetic variants in the 
TGF-β1 and IL-4 genes rs1800469, rs1800470, rs1800471, 
and rs8179190 may play a role as a genetic contributor to 
the susceptibility of chronic kidney disease [10]. In addi-
tion, TGF β1 was found to induce renal hypertrophy and 
fibrosis [10].

Saraf et  al. 2015 study on the genetic markers of sickle 
nephropathy indicated the association of APOL1 G1/G2 
with kidney disease in sickle cell disease through increased 
risk of hemoglobinuria and associations of HMOX1 

Table 5 Comparison between HB SS (no. = 69) and other sickle 
anemia types (no. = 31) (Hb β + , Hb β 0, trait)

HB SS (69) Other types (31) p value

BUN (mg/ml) 9.81 ± 3.5 10.2 ± 3.43 0.6

Creatinine (mg/dl) 0.53 ± 0.15 0.49 ± 0.12 0.28

e-GFR (ml/min/1.73  m2) 107 ± 28.5 103.7 ± 30 0.59

ACR (mg/gm creatinine)
Median(IQR)

7.6(4–14) 13(6.5–22.7) 0.28

rs 1800469

 T/T 10 (14.5%) 6 (19.4%) 0.207

 C/T 44 (63.77%) 14 (45.2%)

 C/C 15 (21.73%) 11 (35.4%)

 C allele 74 (53.6%) 36(58.1%) 0.65

 T allele 64(46.4%) 26(41.9%)

6rs 1800471

 G/C 8 (11.6%) 4 (12.9%) 0.82

 G/G 61 (88.4%) 27 (87.1%)

 G allele 132(95.6%) 60(96.8%) 1

 C allele 6(4.4%) 2((3.2%%)
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variants with kidney disease through reduced protection of 
the kidney from hemoglobin-mediated toxicity [42].

This study had some limitations, as not all cases had his-
tological evidence of SCN, also, the limited literature on the 
two studied genetic variants in the pathogenesis of SCN 
necessitates more studies on different ethnic populations, 
and different age groups with metanalysis studies.

Conclusion
TGF-β1 rs1800469 and rs1800471 genetic variants were 
not associated with the risk of sickle nephropathy in chil-
dren with sickle cell disease. These genetic variants also 
didn’t affect the susceptibility to SCD.
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