Paediatrica Indonesiana

VOLUME 49

January ¢ 2009

NUMBER 1

Original Article

Detection of the jaundice-related G71R mutation in
the UGT1A1 gene by denaturing high performance

liquid chromatography (DHPLC)

Retno Sutomo!, Sunartini Hapsara!, Suryono Yudha Patrial, Hajime Nakamura

Abstract

Background The G71R mutation in the UGT1A1 gene has been
associated with neonatal jaundice and other cases of hereditary,
unconjugated hyperbilirubinemia in several Asian populations.
Currently, DNA sequencing is the only method available to
identify the mutation, which can be time- and labor-intensive,
particularly for such projects as population-based genetic studies.
A relatively new method, denaturing high performance liquid
chromatography (DHPLC), is increasingly used to detect various
mutations.

Objective The aim of the present study was to investigate the
ability of DHPLC to detect the G71R mutation, in comparison
with the gold standard of sequencing analysis.

Methods Seventy-two infants were enrolled. Following genomic
DNA extraction, exon 1 of the UGT1A1 gene was amplified by
polymerase chain reaction (PCR). Afterwards, the G71R mutation
was simultaneously, and blindly, determined in all subjects by
DHPLC and sequence analysis. The performance of the DHPLC
analysis, compared to the sequence analysis, was assessed in terms
of sensitivity and specificity.

Results DHPLC detected the G71R mutation in 31 individuals.
Of these, 26 were heterozygous and 5 were homozygous for the
mutation. This method did not find the mutation in 41 other
individuals. Sequence analysis produced identical results for all
individuals.

Conclusion DHPLC analysis is capable of detecting the G71R
mutation in the UGT1Al with a degree of sensitivity and
specificity (100% each) that is comparable to sequencing analysis.
[Paediatr Indones. 2009;49:1-6].
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he UGT1A1 gene, which encodes bilirubin
uridine diphosphate glucuronyl transferase,
is the only enzyme responsible for bilirubin
conjugation in hepatocytes.'? Defects
in this gene have been associated with hereditary
unconjugated hyperbilirubinemia.3->
GT71R is a well-known mutation in exon 1 of
UGTT1AL. Itis a G-to-A transition at nucleotide 211
that results in the substitution of glycine with arginine
at codon 71. This mutation is a genetic risk factor for
the development of neonatal jaundice in East Asian
populations, including Japan, China, Korea, and
Taiwan. The role of G71R in other Asian populations
remains unclear. The neonates carrying G71R tend
to develop more severe and prolonged jaundice
compared to those without G71R and neonates with
breast milk jaundice.®!? Moreover, the mutation
exacerbates hyperbilirubinemia when it appears
in combination with other genetic, hemolytic dis-
orders, such as glucose-6-phosphate dehydrogenase
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(G6PD) deficiency and thalassemia.!3-1> Previously,
DNA sequencing has been the only method used
for identifying the G71R mutation. However, it is
very costly, inefficient and laborious; especially in
large studies. Additionally, the detection method,
restriction fragment length polymorphism (RFLP),
is not suitable for detecting this mutation.!6
Denaturing high performance liquid chroma-
tography (DHPLC) is a relatively new technique
for detecting DNA mutations. Recently, it has been
used to screen mutations in various genes with an
impressive degree of sensitivity and specificity.17-1
The aim of this study was to investigate the ability of
the DHPLC method to detect the G71R mutation,
compared to the gold standard of DNA sequencing.

Methods

Subjects

Infants born in the Neonatal Unit of the Kobe
University Hospital were enrolled in this study, after
informed consent was obtained from the parents. A 2
ml venous blood sample was drawn from each subject
and mixed with the anticoagulant, ethylene diamine
tetra-acetate (EDTA).

DNA extraction

Genomic DNA was extracted from peripheral blood
leukocytes using the SepaGene® DNA extraction kit
(Sanko Junyaku, Tokyo, Japan). Extracted DNA samples
were stored at -20 °C until the time of analysis.

PCR amplification

Exon 1 of the UGT1A1 gene was amplified by
polymerase chain reaction (PCR) using the forward
primer, 5"-GCA GAG GGG ACA TGA AAT AG-37,
and the reverse primer, 5°-TTG TTG TGC AGT
AAG TGG GA-37, as previously reported.?® PCR
was carried out with a PC-701 thermal cycler (Astec,
Tokyo, Japan) in 30 ul of reaction mixture 200 ng
genomic DNA in 1X PCR buffer, 1.5 mM MgCl,,
200 uM dNTPs, 0.15 uM primers, 1 U FastStart
Taq DNA polymerase (E Hoffmann-La Roche Ltd.,
Diagnostics Division, Basel, Switzerland). The PCR
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conditions consisted of an initial denaturation at 94°C
for 7 minute, followed by 35 cycles of denaturation at
94°C for 1 minute, annealing at 56°C for 1 minute,
extension at 72 °C for 1 minute, and a final extension
period at 72°C for 7 minute. The PCR products were
electrophoresed on a 2% agarose gel and stained with
ethidium bromide.

DHPLC analysis

Each PCR product was denatured at 95°C for 5
minutes and then slowly re-annealed by ramping the
temperature down to 25°C over 45 minutes, to allow
heteroduplex formation.2122 Five ul samples was loaded
onto an automated DHPLC system, the WAVE®
Nucleic Acid Fragment Analysis System, equipped
with a DNASep® cartridge (Transgenomic, Inc.,
Omaha, NE). The analysis was conducted at a column
temperature of 62°C, which was adjusted automatically
by the system. The gradient was generated by changing
the concentration of buffer B (0.1 M triethylamine
acetate, 25% acetonitrile) relative to that of buffer A
(0.1 M triethylamine acetate). The following gradients
were used: 50—45% buffer A and 50-55% butffer B, for
a DNA loading step of 0.5 minute, 45-36% buffer A
and 55-64% buffer B, for a linear separation step of
5 minute, 36-0% buffer A and 64—-0% buffer B, for a
clean-off step of 0.7 minute, and 0-50% buffer A and
0-50% buffer B, for an equilibration step of 1 minute.
The flow rate was 0.9 ml/minute. A heteroduplex peak
observed in the chromatogram indicated the presence
of a heterozygous mutation, while a homoduplex peak
suggested either the wild type state or a homozygous
mutation. To distinguish a homozygous mutation state
from the wild type, samples with homoduplex peaks
were subjected to a second DHPLC analysis. The
procedures and conditions were the same as mentioned
above, but each sample was mixed with a known wild
type sample during the heteroduplex formation step.
The presence of a heteroduplex or a homoduplex
peak in second analysis suggested the presence of
homozygosity or no mutation, respectively.

DNA sequencing analysis
Sequencing analysis was performed simultaneously,

and blindly, with DHPLC analysis, using BigDye
Terminator Cycle Sequencing Kit (Perkin-Elmer
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Applied Biosystems, Foster City, CA, USA), according
to the manufacturer’s instructions. The sequencing
reaction product was electrophoresed on a genetic
analyzer (ABI PRISM 310; Applied Biosystems)
and then analyzed using DNA Sequencing Analysis
Software (Applied Biosystems).

Assessment of DHPLC analysis performance

When two different procedures were used to measure
the same characteristics, two statistical approaches can
be used to determine the degree of similarity between
the two procedures. If neither was a gold standard,
kappa statistics were used, but if one can function as
a gold standard, then calculations of sensitivity and
specificity can be performed using diagnostic tests.?3
In the present study, DNA sequencing was the gold
standard for analysis of mutations. Therefore, the
results of the two methods were compared with a
diagnostic test in a 2x2 format.% 24

Results

Seventy-two infants were enrolled in the study.
DHPLC analysis detected G71R mutation in 31
subjects, including 5 subjects with homozygous
mutations and 26 with heterozygous mutations.
The results of the DNA sequencing analysis were
identical to those of DHPLC for all subjects. Thus
the sensitivity and specificity of the DHPLC analysis
were both 100%.

Representative results of the DHPLC and DNA
sequencing analysis are shown in Figures 1 and 2,
respectively.

The results of the two methods used for detecting
the G71R were represented as a 2x2 matrix (Table 1).
In this table, all subjects with mutations were placed
into one group, regardless of the state of the mutation
(homozygous or heterozygous).

Table 1. 2x2 matrix summarizing the results of mutation detection
by DHPLC and sequencing analysis

DNA SEQUENCING

Mutation No mutation Total
Mutation 31 0 31
DHPLC No mutation 0 4 4
Total 31 4 72

Test DNA without control

Homozygous

X Heterozygous
(G/R)
(R/R)

e
<

mutation

Test DNA + wild type

Figure 1. Chromatographic profiles showing the G71R
mutation. In step 1, without mixing with control DNA, the
presence of a heteroduplex peak indicated a hetero-
zygous mutation (G/R), indicated by the arrow. In step
2, tested DNA samples with homoduplex peaks (iden-
tified in step 1) were reanalyzed by mixing with a wild
type DNA control. The presence of a heteroduplex or
homoduplex peak in this step suggested homozygosity
(R/R) or no mutation (G/G) present, respectively.
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TGTACATCAGAGACGGAGCATTTTACACC
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Figure 2. Representative results of the sequencing
analysis of the G71R mutation (GGA—AGA). The
upper, middle and lower figures show the heterozy-
gous, homozygous, and wild type mutation states,
respectively.
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Discussion

DHPLC detects mutations based on the formation
of heteroduplexes which are due to the presence of
mismatched nucleotides in the two DNA strands
being amplified. The heteroduplexes are thermally
less stable, and run faster, than homoduplexes along
the DNA separation column used in DHPLC system.
This enables the separation of heteroduplexes from
homoduplexes on the chromatogram.!7-1

This study showed that the DHPLC analysis
was as accurate as the DNA sequencing analysis
in detecting the G71R mutation; and each had a
sensitivity and specificity of 100%. The same results
have been reported by previous studies for various
genes, including the retino blastoma (RB1),!?
neurofibromatosis type 1 (NF1),20 coagulation factor
9 (F9),2¢ breast cancer (BRCA1 and BRCA2)%7-2 and
connexin (GJB2) genes.® In general, the sensitivity
and specificity of DHPLC have both been shown to
be consistently above 90%.18:19

DHPLC analysis has a number of advantages
over sequencing analysis. Its operational cost is
approximately ten times lower than that of the
sequencing analysis.!81° The DHPLC process is
also less laborious, with only one post-PCR step —
the heteroduplex formation reaction. The analysis
is fast - less than 10 minutes per sample - and the
results can be monitored in real time. Both DHPLC
and sequencing analyses are highly automated,
allowing the simultaneous analysis of multiple
samples. 1819.21,22

To date, there are no reports on the use of other
methods, such as single stranded conformational
analysis (SSCA) or denaturing gradient gel electro-
phoresis (DGGE), to detect the G71R mutation. SSCA
is relatively costly, involves laborious procedures, and
sometimes requires the use of radioactive substances.
DGGA, apart from being long and tedious, it requires
an electrophoretic media with specific properties.
Moreover, previous studies have demonstrated that
the accuracy of DHPLC analysis was consistently
higher than that of SSCA or DGGE.!81? The PCR-
RFLP method, despite being more cost-effective,
is inappropriate for detecting the G71R mutation
because the mutation does not affect existing restric-
tion enzyme sites, and does not allow formation of
artificially-introduced ones.1
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Unlike DNA sequencing, DHPLC is a detection
method, and is not used for identifying the mutation.
There are two possible methodological approaches that
can be applied to mutation analysis. Firstly, DHPLC can
be used to scan for unknown mutations within DNA
fragments. The origin and location of the detected
mutations are then identified by DNA sequencing. Using
this approach, sequencing analysis would be done only
on the DNA fragment with the mutation. In second
approach, DHPLC analysis is performed to investigate
the presence or absence of a known mutation in DNA
fragments, as was the case in our study. This approach
has been commonly used to determine the allele
frequency of a certain mutation in control subjects, or to
study distribution of a mutation in a population.2122

Successful DHPLC analysis depends on two
factors, i.e. the quality of the PCR product and the
optimized conditions of the DHPLC analysis. The first
factor is influenced by primer design, optimization of
PCR mixture and PCR thermal cycling. The second
factor relies on appropriate heteroduplex formation
and the determination of an optimum temperature
for the analysis.!8:19.21,22

To this point, the G71R mutation has been
widely studied in the Eastern Asian population
including Japan, Korea, China and Taiwan.51 In these
populations; the presence of the mutation increases
the risk for developing neonatal jaundice and other
hyperbilirubinemia-related disorders. Such conditions
are also common in other Asian populations, but there
is a lack of data from these groups. Applying DHPLC
analysis, which is less costly and less laborious than the
sequencing analysis, could therefore facilitate studies
on the role and distribution of the G71R mutation
in Asian populations where data is lacking, such as
in Indonesia. Such studies would be beneficial to
both genetic counselors, and physicians assessing the
prognosis of affected patients.

In conclusion, we demonstrate that the DHPLC
method of detecting the G71R mutation has an accuracy
similar to that of the DNA sequencing analysis.

References
1. Ritter JK, Crawford JM, Owens IS. Cloning of two human liver

bilirubin UDP-glucuronosyltransferase cDNAs with expression

in COS-1 cells. ] Biol Chem. 1991;266:1043-47.



10.

11.

12.

Retno Sutomo et al: Jaundice-related G71R mutation in the UGT1A1 gene

Bosma PJ, Seppen ], Goldhoorn B, Baker C, Oude Elferink
RPJ, Chowdhury JR. Bilirubin UDP-glucuronosyltransferase
1 is the only relevant bilirubin glucuronidating isoform in
man. J Biol Chem. 1994;269:17960-64.

Kadakol A, Ghosh SS, Sappal BS, Sharma G, Roy Chowdhury
J, Roy Chowdhury N. Genetic lesions of bilirubin uridine-
diphosphoglucuronate glucuronosyltransferase (UGT1A1)
Causing Crigler-Najjar and Gilbert Syndromes: Correlation
of genotype to phenotype. Hum Mutat. 2000;16:297-306.
Bosma PJ, Chowdhury JR, Bakker C, Gantla S, De Boer A,
Qostra BA, et al. The genetic basis of the reduced expression
of bilirubin UDP-glucuronosyltransferase 1 in Gilbert’s
syndrome. N Engl ] Med. 1995;333:1171-75.

Sato H, Adachi Y, Koiwai O. The genetic basis of Gilbert’s
syndrome. Lancet. 1996;347:557-8.

Akaba K, Kimura T, Sasaki A, Tanabe S, Ikegami
T, Hashimoto M, et al. Neonatal hyperbilirubinemia
and mutation of the bilirubin uridine diphosphate-
glucuronosyltransferase gene: a common missense mutation
among Japanese, Koreans and Chinese. Biochem Mol Biol
Int. 1998;46:21-6.

Akaba K, Kimura T, Sasaki A, Tanabe S, Wakabayashi T,
Hiroi M, et al. Neonatal hyperbilirubinemia and a common
mutation of the bilirubin-uridine-diphosphate-transferase
gene in Japanese. ] Hum Genet. 1999;44:22-5.

Maruo Y, Nishizawa K, Sato H, Doida Y, Shimada M.
Association of neonatal hyperbilirubinemia with bilirubin
UDP-glucuronyltransferase polymorphism. Pediatrics.
1999;103:1224-7.

Maruo Y, Nishizawa K, Sato H, Sawa H, Shimada M.
Prolonged unconjugated hyperbilirubinemia associated
with breast milk and mutations of the bilirubin uridine
diphosphate-glucuronosyltransferase gene. Pediatrics.
2000;106(5):e59.

Maruo Y, Sato H, Bamba N, Iwai M, Sawa H, Fujino H, et
al. Chemotherapy-induced unconjugated hyperbilirubinemia
caused by a mutation of the bilirubin uridine-5-diphosphate
gucuronosyl transferase gene. ] Ped Hematol Oncol.
2001;23:45-17.

Yamamoto A, Nishio H, Waku S, Yokoyama N, Yonetani M,
Uetani Y, et al. Gly71Arg mutation of the bilirubin UDP-
glucuronosyl transferase 1Al gene is associated with neonatal
hyperbilirubinemia in the Japanese population. Kobe ] Med.
Sci. 2002;48:73-1.

Huang CS, Chang PF, Huang M], Chen ES, Chen CW.
Relationship between bilirubin UDP-glucuronosyl transferase
1Al gene and neonatal hyperbilirubinemia. Pediatr Res.
2002;52:601-5.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Huang CS, Luo GA, Huang MJ, Yu SC, Yang SS. Variations of the
bilirubin uridine-diphosphoglucuronosyl transferase 1A1 gene in
healthy Taiwanese. Pharmacogenetics. 2000;10:539-44.

Hsieh SY, Wu YH, Lin DY, Chu CM, Wu M, Liaw YE
Correlation of mutational analysis to clinical feature
in Taiwanese patients with Gilbert’s sindrome. Am ]
Gastroenterol. 2001;96:1188-93.

Huang CS, Chang PF, Huang M], Chen ES, Chen CW.
Glucose-6-phosphate dehydrogenase deficiency, the
UDP-glucuronosyl transferase 1Al gene, and neonatal
hyperbilirubinemia. Gastroenterology. 2002;123:127-33.
Strachan T, Read AP Human Molecular Genetics. 274 ed.
BIOS Scientific Publisher Ltd.1999. p.129-34.

Oefner PJ, Underhill PA. Comparative DNA sequencing
by denaturing high performance liquid chromatography
(DHPLC). Am ] Hum Genet.1995;57:A226.

Xiao W, Oefner PJ. Denaturing High-Performance Liquid
Chromatography: A Review. Hum Mutat. 2001;7:439-74.
Sivakumaran TA, Kucheria K, Oefner PJ. Denaturing high
performance liquid chromatography in the molecular diag-
nosis of genetic disorders. Curr Science. 2003;84:291-6.
Aono S, Adachi Y, Uyama E, Yamada Y, Keino H, Nanno T, et
al. Analysis of genes for bilirubin UDPglucuronosyltransferase
in Gilbert’s syndrome. Lancet.1995;345:958-9.

Taylor E Munson K, Gjerde D. Detection of mutation and
polymorphism on the WAVE® Nucleic Acid Fragment Analysis
System. Transgenomic Inc. 2000; Application note 101.
Schmitt TJ, Robinson ML, Doye J. Single nucleotide
polymorphism (SNP), insertion & deletion detection on
the WAVE® nucleic acid fragment analysis. Transgenomic
Inc.2000; Application note 112.

Dawson B, Trapp RG. Basic and Clinical Biostatistics. 4%
ed. New York: Lange Medical Books/Mc Graw Hilll, 2004;
p. 118.

Fletcher RH, Fletcher SW, Wagner EH. Clinical epidemiology:
The essential. 3/ ed. Baltimore, Maryland: Williams &
Wilkins, 1996; p. 43-73.

Guyatt GH, Sackett DL, Haynes RB. Evaluating diagnostic
test. In: Haynes RB, Sackett DL, Guyatt GH, Tugwell B editors.
Clinical Epodemiology: How to do clinical practice research.
31 ed. Philadelphia: Williams & Wilkins, 2006; p. 273-320.
O’Donovan MC, Oefner PJ, Roberts SC, Austin ], Hoogen-
doorn B,Guy C, et al. Blind analysis of denaturing high-
performance liquid chromatography as a tool for mutation
detection. Genomics. 1998;52:44-9.

Arnold N, Gross E, Schwarz-Boeger U, Pfisterer ], Jonat W,
Kiechle M. A highly sensitive, fast and economical technique

for mutation analysis in hereditary breast and ovarian cancers.

Paediatr Indones, Vol. 49, No. 1, January 2009 ¢ 5



28.

29.

Retno Sutomo et al: Jaundice-related G71R mutation in the UGT1A1 gene

Hum Mutat. 1999;14:333-9.

Gross E, Arnold N, Goette J, Schwarz-Boeger U, Kiechle M. A
comparison of BRCA I mutation analysis by direct sequencing,
SSCP and DHPLC. Hum Genet. 1999;105:72-8.

Wagner TMU, Stoppa-Lyonnet D, Fleischmann E, Muhr
D, Pages S, Sandberg T, et al. Denaturing high performance

6 © Paediatr Indones, Vol. 49, No. 1, January 2009

30.

liquid chromatography (DHPLC) detects reliably BRCAI
and BRCA2 mutations. Genomics. 1999;62:369-76.
Lin D, Goldstein JA, Mhatre AN, Lustig LR, Pfister M,
Lalwani AK. Assessment of denaturing high performance
liquid chromatography (DHPLC) in screening of mutation
in connexin 26 (GJB2). Hum Mutat. 2001;18:42-51.



