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Sickle cell disease (SCD) is a common inherited 
blood disorder in Saudi Arabia. SCD phenotype 
in Saudi Arabia is widely variable similar to oth-

er ethnicities.1 This indicates the involvement of other 
genes in determining SCD phenotype. Identification 
of genes that modify the phenotypic severity of mono-
genic diseases, SCD included, represents a paradigm 
shift in our view of these disorders and an important 
step toward a more meaningful phenotype/genotype 
correlation. Steady-state serum bilirubin level and risk 
of gallstones in SCD differ between patients. About 
40% of SCD patients will develop gallstones, and the 
risk is associated partly with the intensity of hemolysis 
as shown by the protective effect of co-inheritance of 
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BACKGROUND AND OBJECTIVES: Polymorphism in (TA)n of the UGT1A1 promoter influences bilirubin level 
and risk of gallstones in patients with sickle cell disease (SCD) of African descent. Modifiers of bilirubin level 
and gallstones in Saudi patients with SCD are not known. 
DESIGN AND SETTINGS: Patients with SCD presenting to participating institutions between July 2009 and July 
2012 were enrolled in our study.
METHODS: A total of 223 SCD patients were enrolled. Laboratory workup at steady state included complete 
blood count, reticulocytes, serum bilirubin, lactate dehydrogenase (LDH), G6PD level, and hemoglobin (Hb) 
electrophoresis. The (TA)n UGT1A1 promoter polymorphism and presence of a-thalassemia were also deter-
mined.
RESULTS: TA6/6 in the UGT1A1 promoter was identified in 189 patients (84.7%), TA7/7 in 26 (11.7%), TA5/5 
in 6 (2.7%), and TA5/6 in 2 (0.9%). Increased (TA)n of the UGT1A1 promoter (P<.0001), male gender (P=.02), 
higher LDH (P=.001), and lower Hb level (P=.009) were associated with higher bilirubin level, while the co-
inheritance of a-thalassemia (P=.003) was linked with lower bilirubin level. UGT1A1 (TA)n (P<.0001) and Hb 
level (P=.005) remained significant on multivariate analysis. Gallstones were more frequent in patients with 
TA7/7 (72%) compared to patients with TA6/6 (57%) and TA5/5 or 5/6 (37%); however, this difference was not 
statistically significance (P=.18). Older age (P=.0001) and absence of a-thalassemia (P=.03) were associated 
with higher risk of gallstones. 
CONCLUSION: (TA)n in the UGT1A1 promoter and intensity of hemolysis modify steady-state serum bilirubin 
level in SCD. Co-inheritance of a-thalassemia reduces the risk of gallstones in Saudi patients with SCD.

a-thalassemia.1-3 
Polymorphism in the number of TA repeats (TA)n 

of UDP-glucuronosyltransferase 1A1 gene (UGT1A1) 
promoter was shown to modify the risk of gallstones 
and serum bilirubin level in SCD patients with African 
origin HBB haplotypes.3-11 The enzyme encoded by 
this gene glucuronidates unconjugated bilirubin to a 
water-soluble form. Mutation in the coding region of 
UGT1A1 causes Crigler-Najjar syndrome, and addi-
tional TA repeats in the UGT1A1 promoter is associ-
ated with Gilbert syndrome and higher serum bilirubin 
level in normal population.12-16

There are no available data on the effect of the 
UGT1A1 promoter polymorphism on bilirubin level 
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and probability of gallstones in Saudi SCD patients. 
In this report we describe the influence of the (TA)n 
UGT1A1 promoter polymorphism on serum bilirubin 
level and gallstones in 223 Saudi SCD patients from 
both the southwestern (SW) province with African 
origin HBB haplotypes and the eastern province with 
Arab-Indian (AI) haplotype. 

METHODS

Patients
Patients with SCD (sickle cell anemia [HbSS], HbS-a0 
thalassemia, and HbS-a+ thalassemia) presenting to 
participating institutions between July 2009 and July 
2012 were enrolled in our study, after obtaining in-
formed consent. The study was approved by our insti-
tutional review board. Saudi patients with both African 
origin HBB haplotypes (e.g., Benin, Bantu, and Senegal) 
and the Arab-Indian haplotypes were included in our 
study. The following information was obtained from all 
patients: age, gender, use of hydroxyurea, and presence 
of gallstones as confirmed by ultrasound during routine 
screening or in symptomatic patients.

Laboratory evaluation
Laboratory workup performed during steady state 
was collected (i.e., at least 3 weeks after acute events 
with no recent blood transfusion in the previous 3 
months). DNA was extracted from peripheral blood of 
all patients using Gentra Puregene blood kit (Qiagen, 
Valencia, CA). Laboratory workup included com-
plete blood count, reticulocytes, liver function tests, 
lactate dehydrogenase (LDH), glucose-6-phosphate 
dehydrogenase (G6PD) level, and hemoglobin (Hb) 
electrophoresis and was performed at participating 
institutions. Serum bilirubin was measured using the 
same method by diazo reaction using Dimension RxL 
analyzer (SIEMENS, Malvern, PA). Quality control is 
performed daily in our labs. HBB gene cluster haplo-
type was determined using restriction fragment length 
polymorphism technique as previously described,17 
and the molecular diagnosis of common a-thalassemia 
deletions (a3.7, a4.2, a20.5, and ‒‒MED) was performed 
by multiplex polymerase chain reaction assay.18 The 
presence of the non-deletional poly A signal mutation 
(aTSaudi) was determined as previously described.19 All 
molecular studies were performed in our laboratory at 
King Saud University.

UGT1A1 promoter polymorphism
The UGT1A1 promoter region was amplified by poly-
merase chain reaction (PCR) in all patients to study the 

number of (TA)n in the UGT1A1 promoter using forward 
primer 5’- GAGGTTCTGGAAGTACTTTGC -3’ 
and reverse primer 5’- CCAAGCATGCTCAGCCAG 
-3’ as previously described (12). PCR (20 µL) contained 
1 µL of genomic DNA, 0.6 µL (10 µM) of each primer, 
7.8 µL of H2O, and 10 µL of PCR mastermix (Norgen 
Biotek Corp. Ontario, Canada). Initial denaturation at 
94°C for 5 minutes followed by 40 cycles (94°C for 30 
seconds, 59°C for 30 seconds, and 72°C for 60 seconds) 
then final 5 minutes at 72°C. PCR products were puri-
fied and subsequently sequenced using both primers. 
Sequencing was performed using 96 capillary gene ana-
lyzer (3730 Applied Biosystems, CA, USA). Data was 
analyzed using sequencing analysis software (v5.3.1) 
from Applied Biosystems, CA, USA). 

Statistical analysis 
The data analysis cutoff was July 10, 2012. Descriptive 
analyses involved the calculation of mean values (±1 
standard deviation) and ranges for continuous data and 
frequencies for categorical data. The distribution of se-
rum bilirubin was compared between groups using stu-
dent t test for categorical predictors and simple linear re-
gression for continuous predictors. The frequency of gall-
stones compared between groups via chi-squared testing 
for categorical predictors and simple logistic regression 
for continuous predictors. All variables with a P value 
≤.05 on univariate analysis were included in the multi-
variate analysis. Multivariate analysis was performed us-
ing multiple regression for continuous variables and mul-
tiple logistic regression for categorical variables. Variables 
evaluated for influence on serum bilirubin level and risk 
of gallstones included age, gender, use of hydroxyurea, 
Hb level, white blood cells (WBC) count, platelet count, 
reticulocytes, fetal hemoglobin (HbF), LDH, presence of 
G6PD deficiency, and co-inheritance of a-thalassemia. P 
value <.05 was considered statistically significant. Stata 
Statistical Software: Release 12 was used for all analyses 
(College Station, TX: StataCorp LP).

RESULTS

Patient characteristics
A total of 223 patients with SCD were enrolled in our 
study. Fifty-five percent of patients were females. The 
average age was 21.2 (12.4) years. Sixty-four percent of 
patients had HbSS, HbS-a0 thalassemia (26%), and 
HbS-a+ thalassemia (10%), based on Hb electropho-
resis analysis in the absence of recent blood transfusion. 
The HBB gene cluster haplotype was Arab-Indian in 
(32%) and the remaining haplotypes were of African ori-
gin. Molecular testing for the presence of a-thalassemia 
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was performed in 124 patients; 38% of patients had co-
inheritance of a-thalassemia. 

Sequencing of UGT1A1 promoter 
TA6/6 repeat in the promoter region was the most com-
mon polymorphism and was found in 189 individuals 
(84.7%), TA7/7 in 26 (11.7%), TA5/5 in 6 (2.7%), and 
TA5/6 in 2 (0.9%). TA7/7 was relatively more frequent 

Table 1. patient and laboratory characteristics based on ugt1a1 promoter 
polymorphism.

TA6/6 (n=189)
Mean (SD)

TA7/7 (n=26) 
Mean (SD) P value

Age 19 (12) 18 (8) .63

Gender (F%) 51% 57% .57

hydroxyurea use 37% 40% .81

Gallstones 57% 72% .22

total bilirubin (µmol/l) 32 (18) 76 (39) <.0001

WBc (×103/µl) 13 (6) 13 (8) .37

hb (g/dl) 8 (1) 9 (1) .20

platelets/µl 358 (186) 479 (285) .002

reticulocytes (%) (n=105) 7 (4) 8 (4) .19

hbF 12.7 (6.3) 13.5 (5.9) .29

ldh (n=167) 422 (244) 405 (163) .62

WBc: White blood cell , hb: hemoglobin, hbF: fetal hemoglobin, ldh: lactate dehydrogenase.

Figure 1. Serum bilirubin level in relation to the number of tA repeats in the ugt1a1 
promoter. 

among patients with AI haplotype (18%) compared to 
SW individuals (9%). TA6/6 was found in 78% of AI 
patients compared to 88% in SW patients. TA5/5 was 
observed in 4% of AI patients compared to 1.9% in 
SW patients. The 2 patients with TA5/6 were from 
the SW region. TA8/8 repeat was not observed in our 
patient population.

UGT1A1 promoter polymorphism modifies bilirubin 
level 
The steady-state bilirubin level was significantly higher 
among patients with TA7/7 (76 [39] µmol/L) com-
pared to TA6/6 (32 [18] µmol/L) (P<.0001) (Table 1 
and Figure 1). The steady-state bilirubin level among 
8 patients with TA5/5 or 5/6 was 22 (10) µmol/L. 
There were no differences in hemolytic markers (Hb, 
Reticulocytes, LDH), WBC, HbF, age, gender, and 
use of hydroxyurea between the 2 groups (Table 1). 
However, the steady-state platelet count was higher in 
patients with TA7/7 compared to TA6/6 (P=.002). 
This difference in platelet count remained significant 
after adjusting for the presence of gallstones (P=.04). 

In addition to UGT1A1, the co-inheritance of a-
thalassemia was associated with lower bilirubin level 
(P=.003), and the male gender had higher bilirubin 
level (P=.02). There was positive linear relationship 
between bilirubin and LDH (P=.001) and nega-
tive linear correlation with Hb level (P=.009). Age 
(P=.42), use of hydroxyurea (P=.55), HbF (P=.40), 
and presence of G6PD deficiency (P=.67) did not 
influence bilirubin level. UGT1A1 (TA)n (P<.0001) 
and Hb level (P=.005) remained significant on multi-
variate analysis. Of note, the UGT1A1 promoter poly-
morphism did not influence the degree of hemolysis, 
i.e., Hb and LDH levels. 

UGT1A1 promoter polymorphism and risk of gallstones
Gallstones were more frequent in patients with TA7/7 
72% compared to 57% with TA6/6; however, this dif-
ference did not reach statistical significance (P=.22) 
(Table 1). Gallstones occurred in 37% of patients with 
TA5/5 or 5/6 and this was not significantly different 
than TA7/7 (P=.18). Older age (P=.0001) and ab-
sence of a-thalassemia (P=.03) were associated with a 
higher risk of gallstones. Other variables did not influ-
ence the risk of gallstones. 

DISCUSSION
Serum bilirubin level and the risk of gallstones in SCD 
varies between patients similar to other SCD compli-
cations.1,20,21 Genetic modifiers that modulate serum 
bilirubin level and risk of gallstones in Saudi SCA are 
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not well defined. Factors that are associated with less 
intense hemolysis such as co-inheritance of a-thalas-
semia and higher steady-state Hb level were more fre-
quent in patients without gallstones.1,2,22 In this study, 
we examined the impact of the number of TA repeats 
in the UGT1A1 promoter on the steady-state serum 
bilirubin level and gallstones. 

TA6/6 was the most common polymorphism in 
Saudi patients similar to other population.8,10,11 TA8/8 
was not observed in our population. Majority of our 
patients are homozygous for the same number of TA 
repeats, which might be related to high frequency of 
consanguineous marriages. The steady-state bilirubin 
level was significantly higher in patients with TA7/7 
comparable to what have been observed in other eth-
nicities with SCD.4,6,9-11 Genome-wide association 
study (GWAS) in a large cohort of African Americans 
with sickle cell anemia showed significant association 
between single-nucleotide polymorphisms (SNPs) in 
UGT1A1 and serum bilirubin; however, these SNPs 
were not associated with hemolysis.5 In addition, male 
gender had higher bilirubin level, which is comparable 
to a previous report.11 The absence of a-thalassemia, 
higher LDH, and lower Hb, as markers of more intense 
hemolysis, were associated with higher bilirubin level 
among our patients. 

TA7/7 or 8/8 in the UGT1A1 promoter was shown 
to increase the risk of gallstones in sickle cell anemia pa-
tients.4,6,9,10 In our study, there was a trend toward more 
frequent gallstones in patients with TA7/7 than TA6/6 
or TA5/5. However, this did not reach statistical sig-

nificant probably secondary to the small sample size, 
low frequency of TA7/7, and relatively young popula-
tion (mean age 21 years). A Jamaican study reported as-
sociation between TA7/7 and symptomatic gallstones 
in older patients and not in younger patients.8 The co-
inheritance of a-thalassemia was associated with the 
lower risk of gallstones independent of (TA)n in the 
UGT1A1 promoter similar to a previous observation.4

The impact of the high free unconjugated bilirubin 
observed with extra TA repeats in the UGT1A1 pro-
moter on the clinical severity of SCD, other than gall-
stones, is not known. It is of interest that in our study, 
patients with TA7/7 had a higher platelet count com-
pared to those with lesser number of repeats. This is 
independent of the presence of gallstones. So it is pos-
sible that the UGT1A1 promoter polymorphism is as-
sociated with inflammation leading to higher platelets. 
This is supported by a recent GWAS study that identi-
fied UGT1A1 as a modifier of the serum concentration 
of circulating cell-free DNA, which is a marker of cell 
death and can stimulate inflammation.23 This hypoth-
esis, however, needs further investigation. 

In conclusion, increased (TA)n in the UGT1A1 
promoter and intensity of hemolysis are associated with 
higher serum bilirubin level, while the co-inheritance 
of a-thalassemia lessens the risk of gallstones in Saudi 
SCD patients. 

Acknowledgments
This work was supported by King Abdulaziz City for 
Science and Technology Grant (KACST ARP-30-367).



original article ugt1a1 proMoter polyMorphiSM in Scd

Ann Saudi Med 2013 July-August www.annsaudimed.net376

1. Alsultan A, Aleem A, Ghabbour h, AlGahtani Fh, 
Al-Shehri A, osman Me, et al. Sickle cell disease 
subphenotypes in patients from Southwestern 
province of Saudi Arabia. J pediatr hematol on-
col. 2012;34(2):79-84. 
2. haider MZ, Ashebu S, Aduh p, Adekile Ad. in-
fluence of alpha-thalassemia on cholelithiasis in 
SS patients with elevated hb F. Acta haematol. 
1998;100(3):147-50. 
3. chaar V, Kéclard l, etienne-Julan M, diara 
Jp, elion J, Krishnamoorthy r, et al. UGt1A1 
polymorphism outweighs the modest effect of 
deletional (-3.7 kb) alpha-thalassemia on chole-
lithogenesis in sickle cell anemia. Am J hematol. 
2006;81(5):377-9. 
4. Vasavda n, Menzel S, Kondaveeti S, Maytham 
e, Awogbade M, Bannister S, et al. the linear 
effects of alpha-thalassaemia, the UGt1A1 and 
hMoX1 polymorphisms on cholelithiasis in sickle 
cell disease. Br J haematol. 2007;138(2):263-70. 
5. Milton Jn, Sebastiani p, Solovieff n, hartley 
SW, Bhatnagar p, Arking de, et al. A genome-
wide association study of total bilirubin and cho-
lelithiasis risk in sickle cell anemia. ploS one. 
2012;7(4):e34741. epub 2012 Apr 27.
6. Martins r, Morais A, dias A, Soares i, rolão c, 
ducla-Soares Jl, et al. early modification of sickle 
cell disease clinical course by Udp-glucuronos-
yltransferase 1A1 gene promoter polymorphism. 
J hum Genet. 2008;53(6):524-8. epub 2008 Apr 5.
7. italia Ky, Jijina FF, Jain d, Merchant r, nadkarni 
Ah, Mukherjee M, et al. the effect of UGt1A1 
promoter polymorphism on bilirubin response to 
hydroxyurea therapy in hemoglobinopathies. clin 
Biochem. 2010;43(16-17):1329-32. epub 2010 Aug 
13.
8. haverfield eV, McKenzie cA, Forrester t, Bouze-
kri n, harding r, Serjeant G, et al. UGt1A1 varia-

tion and gallstone formation in sickle cell disease. 
Blood. 2005;105(3):968-72. epub 2004 Sep 23.
9. chaar V, Kéclard l, diara Jp, leturdu c, elion 
J, Krishnamoorthy r, et al. Association of UGt1A1 
polymorphism with prevalence and age at onset 
of cholelithiasis in sickle cell anemia. haemato-
logica. 2005;90(2):188-99.
10. carpenter Sl, lieff S, howard tA, eggleston 
B, Ware re. UGt1A1 promoter polymorphisms 
and the development of hyperbilirubinemia and 
gallbladder disease in children with sickle cell 
anemia. Am J hematol. 2008;83(10):800-3. 
11. Adekile A, Kutlar F, McKie K, Addington A, 
elam d, holley l, et al. the influence of uridine di-
phosphate glucuronosyl transferase 1A promoter 
polymorphisms, beta-globin gene haplotype, co-
inherited alpha-thalassemia trait and hb F on 
steady-state serum bilirubin levels in sickle cell 
anemia. eur J haematol. 2005;75(2):150-5. 
12. Bosma pJ, chowdhury Jr, Bakker c, Gantla S, 
de Boer A, oostra BA, et al. the genetic basis of 
the reduced expression of bilirubin Udp-glucuro-
nosyltransferase 1 in Gilbert’s syndrome. n engl J 
Med. 1995;333(18):1171-5. 
13. Beutler e, Gelbart t, demina A. racial vari-
ability in the Udp-glucuronosyltransferase 1 
(UGt1A1) promoter: a balanced polymorphism 
for regulation of bilirubin metabolism? proc natl 
Acad Sci U S A. 1998;95(14):8170-4. 
14. iolascon A, Faienza MF, centra M, Storelli S, 
Zelante l, Savoia A. (tA)8 allele in the UGt1A1 
gene promoter of a caucasian with Gilbert’s syn-
drome. haematologica. 1999;84(2):106-9. 
15. iolascon A, Meloni A, coppola B, rosatelli 
Mc. crigler-najjar syndrome type ii resulting 
from three different mutations in the bilirubin 
uridine 5’-diphosphate-glucuronosyltransferase 
(UGt1A1) gene. J Med Genet. 2000;37(9):712-3. 

16. Kadakol A, Ghosh SS, Sappal BS, Sharma G, 
chowdhury Jr, chowdhury nr. Genetic lesions of 
bilirubin uridine-diphosphoglucuronate glucuro-
nosyltransferase (UGt1A1) causing crigler-najjar 
and Gilbert syndromes: correlation of genotype to 
phenotype. hum Mutat. 2000;16(4):297-306. 
17. Muralitharan S, Krishnamoorthy r, nagel 
rl. Beta-globin-like gene cluster haplotypes 
in hemoglobinopathies. Methods Mol Med. 
2003;82:195-211.
18. tan AS, Quah tc, low pS, chong SS. A rapid 
and reliable 7-deletion multiplex polymerase 
chain reaction assay for alpha-thalassemia. 
Blood. 2001;98(1):250-1.
19. Viprakasit V, Green S, height S, Ayyub h, 
higgs dr. hb h hydrops fetalis syndrome associ-
ated with the interaction of two common deter-
minants of alpha thalassaemia (--Med/(alpha)
tSaudi(alpha)). Br J haematol. 2002;117(3):759-62.
20. rennels MB, dunne MG, Grossman nJ, 
Schwartz Ad. cholelithiasis in patients with ma-
jor sickle hemoglobinopathies. Am J dis child. 
1984;138(1):66-7.
21. powars dr, chan lS, hiti A, ramicone e, 
Johnson c. outcome of sickle cell anemia: a 4-de-
cade observational study of 1056 patients. Medi-
cine (Baltimore). 2005;84(6):363-76.
22. Adekile Ad, haider MZ. Morbidity, beta 
S haplotype and alpha-globin gene patterns 
among sickle cell anemia patients in Kuwait. 
Acta haematol. 1996;96(3):150-4. 
23. Jylhävä J, lyytikäinen lp, Kähönen M, hutri-
Kähönen n, Kettunen J, Viikari J, et al. A ge-
nome-wide association study identifies UGt1A1 
as a regulator of serum cell-free dnA in young 
adults: the cardiovascular risk in young Finns 
Study. ploS one. 2012;7(4):e35426. epub 2012 
Apr 12.

REfERENCES


