imrnigrant in to Thai population. The cother less common chinese variants, GEPD Kaiping,

G6PD Union, and G6PD “chinese-5" were aiso identified in the proportionately smalier number.

In contrast to GEPD Canton, which was shown to be related to severe
hyperbilirubinemia (Huang et al, 1996), there is no trend toward a relationship between G6PD
Viangchan and hyperbilirubinemia. The proportion of this to other mutations in G6PD deficient
jaundiced newborn is similar to that found in general population, implied by cord blood study.
Similar to G6PD deficiency at large, G6PD Viangchan contribute to a relatively late onset of
hyperbilirubinemia. The level of bilirubin and date of onset is indistinguishable from other

mutations.
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Background/Aims: Most patients with hepatocellular carcinoma (HCC) in
Thailand have been infected with hepatitis B virus. Some of these patients are
HBsAg negative, but it is not known whether hepatitis B viral genome is still
present in these patients and contribute to hepatic carcinogenesis.

Methodology: We investigated sera and peripheral blood mononuclear cells
(PBMC) of 36 HCC and 31 chronic hepatitis patients, by serclogy and by nested
PCR of HBV DNA: hepatitis B- s gene (HBs) and x gene (HBx}, and RFLP for the
T 1762 / A 1764 mutation in the core promoter.

Results: In HBsAg-negative patients who has positive anti-HBc, HBx DNA were
detectable detectable in PBMC or serum of 10 of 15 HCC, but only 1 of 9 chronic
hepatitis patients. HBx DNA were detectable in PBMC in some (6 of 15) HBsAg-
positive, and most readily (10 of 15) HBsAg negative anti-HBc positive HCC.
RFLP analysis showed that most HBx were also of wild type, only one was mixed
wild type and mutant.

Conclusion: Presence or absence of HBsAg is an insufficient indicator with
regard to a given individual's risk to proceed towards chronic liver disease.
People who were previously infected by HBV may also be at risk in developing

hepatocellular carcinoma despite HBsAg clearance.

INTRODUCTION

Hepatitis B virus (HBV) infection constitutes a major public health burden on a
global scale as it has been found responsible for chronic liver disease such as
chronic hepatitis, cirrhosis and hepatocellular carcinoma (HCC) (1). It is believed
that people who acquired HBV infection during infancy (2) or in the course of
delivery are at high risk of progression towards chronic carriage and subsequent

cirthosis and/ot HCC (3).



The worldwide carrier rate of HBV has been conservatively estimated at 5%, or
350 million individuals, with highest prevalence in Southeast Asia and sub-
Saharan Africa where it has been established at between & and 35% (4). The
high carrier rate in these countries is most likely due to vertical (perinatal}
transmission or early horizontal transmission within extended families or among

pre-school children (5).

In Europe and Japan, where most HCC are negative for HBsAg, hepatitis C virus
(HCV) is most frequently found as the causative agent of chronic liver disease (6,
7). However, recent report showed that in HBsAg negative, HCV positive
patients, HBV genome could be demonstrated in the cancerous liver of many
patients (8). Among HBV genes, the X protein (HBx) is most important in hepatic
carcinogenesis (9). HBx protein is highly conserved among all knowrn HBV
subtypes, is multifunctional and is capable of transactivation (10). The HBx
protein can stimulate the promoter of the HBV genome itself, as wel as
numerous other viral promoters and an array of cellular genes (9,10). HBx has
also been shown to impair p53 function (11,12), as well as stimulating cellular
gene expression through activation of several protein kinases (14). Moreover, the
oncogenic potential of HBx has become evident by its capacity to transform
rodent cells in vitro {11) and, as a transgene, to induce hepatocellular carcinoma

in mice (12).

The current method of choice to detect HBV infection is serum hepatitis B
surface antigen (HBsAg) along with serum antibody to hepatitis B core protein
{anti-HBc). It is commonly iﬁterpreted that clinically asymptomatic individuals
found to express anti-HBc but lacking HBsAg have been infected with HBV in
the past but succeeded in clearing the virus, whereas those positive for both

anti-HBc and HBsAg were considered chronic carriers. However, recent study



using polymerase chain reactions (PCR} could detect HBV DNA in blood from a
large number of hemodialysis patients even if they are HBsAg-negative,
suggesting that the viral DNA may persist for several years after acute hepatitis
B has been resolved (13).

In contrast to Western countries, HCC is the most common cancer among Thai
male (14). In a previous study aimed at determining the major etiologic factors
responsible for HCC in Thailand, an area endemic for HBV infection, our group
has established the prevalence of HBV at 66%, contrasted by that of HCV 14%
{14). The role of hepatis B viral genome has not been investigated in patients
with hepatocellular carcinoma, particular in HBsAg negative HCC cases. We
therefore investigate presence of HBs and HBx DNA in ouwr HCC patients.
Because of liver specimen scarcity, we searched for evidence of HBV genome in
the serum and PBMC in patients with chronic liver disease ranging from chronic
hepatitis to HCC, and along with their HBsAg and anti-HCV serology. We
detected HBV genome in many HBsAg-negative sera and PBMC, and

investigated mutation of HBx in these specimens.

MATERIALS AND METHODS

Population Studied

Two groups of patients admitted to Chulalongkorn University Hospital between
August 1997 and October 1999 were included in the study. The first group

comprised 36 patients with HCC diagnosed on the basis of histopathology and/or

serum  COl-fetoprotein levels above 400 U/ml with liver tumor evidenced on
scintigraphy. The second group included 31 chronic hepatitis patients diagnosed
on the basis of histopathology_from liver biopsy and/or persistently elevate serum
aminotransferases. Twenty healthy vcluntary blood donors presented at the
National Blood Center between October and November, 1999 were randomly

selected and blood specimens served as negative controls.



All individuals were informed the objective of the study and provided their
consent. Peripheral blood was obtained during examinations, administering
ethylenediaminetetraacetic acid (EDTA) as anticoagulant for PBMC separation, as

well as clotted blood for serum analysis.

Laboratory Methods

Serology

All sera were subjected to enzyme linked immunosorbent assays (ELISA) for
detection of HBsAg, anti-HBc (Human Gesellschaft fur Biocchemica und
Diagnostica mbH, Germany) and anti-HCV (third-generation test, Abbott
Laboratories, North Chicago, 1ll.) using commercially available test kits according

to the manufacturer's specifications.

PBMC separation

Sera were obtained by centrifugation of the clotted blood at 1,500 rpm for 10
minutes (Beckman refrigerated centrifuge). PBMC were separated by spinning the
EDTA-treated blood on a Ficoll-Hipaque (Pharmacia, Uppsala, Sweden) gradient
at 2500 rpm at 4° C for 15 minutes (Beckman refrigerated centrifuge), followed by
four consecutive washing steps with phosphate buffered saline {(PBS) at 2500 rpm
at 4° C for 15 minutes each. In previous studies the washing buffer remaining
after the final washing step had also been subjected to PCR in order to examine
the piasma for HBV DNA contamination (15,16). Based on the negative results
then obtained in the present study we did not perform PCR on this buffer but
instead, kept it at -70° C. The PBMC thus obtained were suspended in 1 ml PBS
and after staining with methylene blue, their respective concentration was
determined in an improved Neubauer ruling chamber. All specimens were kept at

~70° C until further analysis.

Liver tissue DNA extraction



Liver tissue was obtained from surgical resections. As soon as liver tissue is
removed from the patient, carcinomatous part and non-carcinomatous part were
dissected and frozen separately in aliquots and kept in lquid nitrogen. DNA
extraction from liver tissue was performed by grinding frozen HCC or liver tissue
in liquid nitrogen with mortars and pestles to fine powder. The tissue were
suspended in extraction buffer (10 mM Tris pH7.4, 1% SDS, 10 mM proteinase K)
and allowed to digest overnight at 50°C, followed by phenol-chloroform extraction,
and ethanol precipitation. After dissolution in 10 mM Tris-EDTA, DNA was

quantitated and used for PCR reactions.

HBV DNA extraction

DNA was extracted from sera and PBMC by incubating the respective samples in
Tris/SDS-buffer containing proteinase K, followed by phenol/chloroform extraction
and ethanol precipitation. Pellets were re-suspended in 20 Ll sterile water each
and directly subjected to the polymerase chain reaction (PCR).

For DNA amplification by nested (PCR) 10-JUl aliquots of the re-suspended DNA
samples were added to 40 |l of a reaction mixture containing 1.6 U of Tag
polymerase {(Pharmacia, Uppsala, Sweden), each of four deoxynucleotide
triphosphates (Promega Corp., Madison, WI, USA) at a concentration of 200 [AM,
primer pairs (Biosynthesis, Lewisville, Texas) of F,, R, (s gene) or Xo,, Pc, (x gene)
(first round) and F,, R; (s gene) or Xi,, Xi, (x gene) (second round} 1 UM each, 10
mM Tris/Cl buffer prepared with the required MgCl,-conicentration and sterile
E,O ad 40 LU in 0.2 ml PCR tubes. The reaction mixtures were spun in a
microcentrifuge for 2 sec before being placed in the thermocycler (Perkin Elmer

Cetus, Branchburg, NJ, USA). .

The details of primer sequences used in this study were derived from HBV DNA
sequence as follows:

F, :5-GGA GCG GGA GCA TTC GGG CCA-3 (nucleotide position 3022-3042).



R, : 5-GGC GAG AAA GTG AAA GCC TG-3  (nucleotide position 1103-1084).
Xo,: 5-CTC TGC CGA TCC ATA CTG C-3 (nucleotide position 1264-1272).
Pc;: 5-GGA AAG AAG TCA GAA GGC-3 (nucleotide position 1974-1956).
F, : 5-CAT CCT CAG GCC ATG CAG TGG A-3 (nucleotide position 3193-3214).
R, : 5-AGC CCA AAA GAC CCA CAA TTC-3 (nucleotide position 1015-995).
Xi, : 5-AGC TTG TTT TGC TCG CAG C-3' {nucleotide position 1285-1305).
Xiy 5-GGC ACA GCT TGG AGG CTT-3 {nucleotide position 1883-1866).
The reaction was then performed using both the first and second round s- and x-
gene primer pairs consecutively for 30 cycles each round, at 94° C for 1 min, 55°
C for 1 min, and 72° C for 1 min, for the first round, then continued at 94° C for
30 sec, 556° C for 30 sec, and 72° C for 1 min, for the second round, then
concluded by an extension cycle at 94° C for 1 min, 55° C for 2 min, and 72° C for
10 min, respectively. Upon electrophoresis in a 2% Nusieve agarose gel (FMC
Biooroducts, Rockland, ME, USA), stained with ethidium bromide, at 90 V for 80

minutes, the bands indicating the presence of HBs and/or x DNA became visible

under UV light at 1037 and 596 bp, respectively.

Restriction Fragment Length Polymorphism (RFLP)

Those PCR products revealing the presence of HBx gene were subjected to
restriction fragment length polymorphism (RFLP) analysis using the restriction
endonuclease Sau 3AI to investigate the core promoter sites at codons 1762-1764
for potential point mutations (16, 17). To that end, 15 U of Sau 3AI (New England
Biclabs, MA, USA) were added to 10 LU of the respective 2™ round PCR products
in a reaction buffer supplied by the manufacturer, and incubated at 37° C for 4
hours. The RFLP products Wer_é analyzed by electrophoresis on a 2% Nusieve gel
and their respective sizes compared to those of a suitable nucleotide size marker

(100 bp DNA ladder, Promega Corp., Madison, WI, USA). The sizes expected were



483 and 113 bp for the 1762/1764 wild type, and 362 and 121 bp for the 1762/1764

mutant, respectively. (Figure II)

RESULTS
it i in ; negativ

Using PCR for HBx and HBs gene to amplify DNA from hepatocellular carcinoma
(H) and non-cancerous (L) liver from the same patient (Fig 1), we demonstrated
HBs and x gene in known HBsAg positive patients {(case 1, 2, 8, 9). In two
HBsAg negative patient, one has no detectable HBV genome {case 5), the other
patient (case 6) has no detectable HBs DNA but detectable HBx DNA in the non-
cancerous liver. In this patient, whose serum and peripheral blood mononuclear
cell (PBMC) was available for study, HBx but not HBs DNA was detectable in
DNA extract from PBMC {(data not shown), but not serum. The finding of HBx
DNA in liver and PBMC of this patient suggested that HBV DNA may persist in

liver and bloecd samples of some HBsAg-negative patient who developed HCC.

Because of scarcity of HCC liver specimens, we further searched for evidence of
HBV genome in blood samples of HCC patients who were not qualified for
surgical treatment, compared with a group of patient with chronic hepatitis, as
well as blood samples from volunteer donor as a control group. Blood samples
were separated into serum and peripheral blood mononuclear cells and assayed
for HBs and HBx DNA separately. Serum from each patients were also tested for
HBsAg, anti-HBc antibody, and anti-HCV, and patients are classified into three
groups according to their serological results: chronic hepatitis B carriers (HBsAg-
positive, anti-HBc positive), ;;revious HBV infected patients (HBsAg-negative,
anti-HBc positive}, and patients with no HBV infection (HBsAg-negative, anti-

HBc negative).



Among 36 HCC patient, 15 were attributed to HBV as they were serologically
positive for both HBsAg and anti-HBc, with one patient also positive for anti-
HCV. In this group, HBV~ s and/or x gene were detectable in all but two cases
(Table I}. In the remaining 21 HBsAg-negative HCC cases, 15 were previously
infected with HBV (positive for anti-HBc). Among these HCC patients with
previous HBV infection, HBV-X gene was detectable in two-third of their blood
specimens despite HBsAg negativity. Evidence of hepatitis C infection (anti-
HCV) is found in 7 cases of this HBsAg-negative group and seems to be an

independent finding (data not shown).

Among the 31 chronic hepatitis patients, 16 were positive for both HBsAg and
anti-HBc, the remaining 15 were negative for HBsAg (Table I). In this HBsAg
negative group, 9 were positive for anti-HBc and 4 positive for anti-HCV. Both
HBs and HBx DNA were detectable in most (14 of 16) HBsAg-positive patients,
but less commonly (4 of 9) in HBsAg-negative/ anti-HBc-positive group. All the 20
volunteer blood donors were negative for HBsAg, with 7 positive for anti-HBc,
and none of which were positive for anti-HCV or has detectable HBV (s or x)
DNA. There were no patients or normal volunteer who were positive for HBsAg

but not an;i—HBc.

Hepatitis X gene is prevalent in PBMC of HBsAg-negative patients with HCC but
hronic liver di
Among the 15 serclogically HBsAg positive HCC patient samples, HBs DNA is
detectable by PCR, either in the sera only (2 cases), PBMC only (1 case) or both
(9 cases). HBx DNA is detectable mostly in the sera only {6 cases), PBMC only (3
cases) or both (3 cases) (Tal?ie ). Of 15 HCC patient who were previously
infected with HBV but were HBsAg negative, HBs DNA were detectable in
PBMC preparation from only one case. In contrast, HBx DNA, were readily

detectable in sera and PBMC in 3 cases, and PBMC only in 7 cases.
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Among chronic hepatitis patients who are HBsAg positive, most (14 of 16)
patients had detectable HBs gene, usually in both serum and PBMC (11 cases)
{Table T). Of 9 chronic hepatitis patients who were previously infected with HBV
{anti-HBc positive), but were HBsAg negative, only four cases had detectable

serum HBs DNA, and only one case has detectable serum HBx DNA.

We analysed the RFLP pattern of HBx from HCC and chronic hepatitis patients
who has detectable HBx DNA in serum and/or PBMC by PCR using restriction
enzyme Sau3Al. Most (9 of 11} HBx-positive HCC sera were wild type, while the
remaining 2 were mutant HBx genes. Similarly, most (16 of 17) HBx from PBMC
preparations were also of wild type, only cne was mixed type. On the contrary,
HBx DNA from sera of chronic hepatitis patients revealed that 2 were wild type,
b were mutant, and 6 were mixed type, while 9 PBMC preparations derived from
the same source showed that 1 was wild type, 3 were mutant and 5 were mixed

type. (Table I)

DISCUSSIONS

Traditionally, it was believed that people who are chronic carriers of hepatitis B,
defined by the presence of HBsAg, are at risk to develop hepatocellular
carcinoma. Our results support the recent findings that in people who are
previously infected with HBV, HBV genome can persist despite clearance of
HBsAg (18). This phenomenon could be explained by mutation of HBs antigen
rendering it undstectable by .'c‘:ommercially available ELISA method (19,20).
Alternatively, serum HBV DNA in HBsAg-negative individuals may have resulted
from masking of HBsAg in HBsAg - anti-HBs immunocomplexes (21). Lastly,

HBsAg-expressing liver could have been cleared by host immunity, while
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occasional integration of HBV into host genome without HBs-expression could

escape clearance and regenerated.

HBx antigens have bheen detected in many HCC specimens obtained from
patients infected with HBV (22,23). HBx gene has been found to integrate more
commonly than S gene (24}, After integration, HBx protein may be involved in
liver cell transformation as it has been described as transforming cultured cells
(25,26) as well as transgenic mice {27). HBx RNA transcript, rather than s- or ¢-
transcript, is found in HCC from HBsAg-negative patients (28-29). Because of

limited number of our liver specimens, we can not pursue further study.

In addition to liver and serum, peripheral blood mononuclear cells, particularly
lymphocytes, have been shown to harbor HBV (30), in patients with acute and
chronic hepatitis (31) where it has been shown most heavily in monocytes and B-
cell. HBV can replicate and transcribe HBx gene in PBMC of patients with active
hepatitis (32). HBV DNA has been found in PBMC of chronic HBV carriers (33)
as well as in some HBsAg-negative hemodialysis patients (13). In searching for
evidence of HBV genome in serum and PBMC using nested PCR, special care
were taken not to introduce cross-contamination between samples. Our results
were vaﬁd because out negative controls: serum and PBMC from healthy HBsAg-
negative volunteer blood donor samples, as well as anti-HBc negative patient
samples, has undetectable HBV DNA. We found that hepatitis B genome,
particularly HBx gene, was detectable more frequently in PBMC than in serum of
HCC patients, while HBs DNA was present more frequently in serum of chronic
hepatitis patients. Although there was no relationship between HBx in PBMC and
HBx in hepatic cells, this HBV gene in PBMC could be a useful marker of
persistence of HBV genome in th—e HBsAg negative patient who were previously
infected with HBV. The relevance of HBx DNA in PBMC as a marker to identify
people at high risk of HCC should be determined in a prospective study.
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HBV DNA was not detectable in blood samples of all HBsAg-positive patients.
HBV DNA is probably not related to the pathophysiology of HCC, but rather a
marker of persistence of HBV DNA in these patients. While previous reports
noted relationship between HBx DNA in liver of with HBsAg-negative, HCV
positive patients (8), there are too few cases of HCV positive cases in our study
to make any meaningful conclusion. A larger study should be conducted to
determine whether HBx or HCV is a more important contributer $o hepatocellular

carcinoma in HBsAg-negative individuals.

HB x mutation has been frequently reported in HCC and non-cancerous tissue in
patients with HBsAg (34) or without detectable HBsAg (8). The double mutations
T and A™ changes codon 130 and 131 of X protein at the region which bind
to p5b3 protein in the cytoplasm, and prevent apoptosis (35). This same region also
functions as the core promoter of HBV DNA for precore mRNAs and the
pregenome mRNAs (36,37) which codes for Hbe antigen. The mutation of this
region has been shown to decrease transcription of the HBeAg precursor (38)
While HBx T"°%/A"™ mutation in often found in the carcinomatous liver (8), we
found -that most HBx from PBMC of our HCC patients were of wild type.
However, HBx from PBMC of chronic hepatitis patient has higher prevalence of

the T'°YA

7 double mutation, as well as mixed populations of wild type and

mutant among the chronic hepatitis patients. The significance of this finding is

unclear at present.

In conclusion, our results has shown that presence or absence of HBsAg is an
insufficient indicator with regard to a given individual's risk to proceed towards
chronic liver disease. People who were previously infected by HBV may also be

at risk in developing hepatocellular carcinoma despite HBsAg clearance.
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Marker H1 L1 H2 H3 L3 HE L6 H8 L8 H8 1S

Figure I. Gel electrophoresis of HBs- (upper lanes) and HBx-DNA (lower lanes) in
hepatocellular carcinoma (H) and non-carcinomatous liver from the same patient
(L). Number indicate case number. PCR-amplified HBs band is 1037-bp, and HBx
band 1s 596 bp.
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Figure . Metaphor gel electrophoresis of the HBx DNA from samples of hepatitis

B virus, after restriction-fragment-length-polymorphism (RFLP) analysis
using Sau3A I The photograph shows Sau3A [ restriction patterns of
PCR products. [Molecular weight markers (M), undigested PCR product
(U), mutant type T A 7 (Mu) and wild type A 7% G 7% (W)



Table 1. Detection of hepatitis B viral DNA in chronic liver disease

patients compared with voluntary blood donors, classified by disease and

hepatitis B serclogy. The total (N) and number of cases with detectable

HB-s DNA (S only), HB-x DNA (X only), HBs- and HBx DNA (Both) or

undetectable (None} HBV DNA by PCR, or positive for anti-hepatitis C

virus antibody (Anti-HCV) are presented.

Number of cases with HBV Anti-HCV
DNA
Group N | None | S only | X only | Both +ve
Hepatocellular carcinoma
HBsAg+ve, Antiq 15 2 1 1 11 1
HBc+ve
HBsAg-ve 21 8
and Anti-HBc¢ +ve 15 4 1 10 0 7
and Anti-HBc -ve 6 0 0 0 0 1
Chronic Hepatitis
HBsAg+ve, Anti{ 16 2 0 0 14 0
HBc+ve
HBsAg-ve 15 4
and Anti-HBe¢ +ve 9 5 3 0 1 3
and Anti-HBc -ve 6 6 0 0 0 1
Blood donor HBsAg-ve | 20 | O 0 0 0 0




Table II. Detection of hepatitis B viral DNA in patients who has previous HBV
infection (Anti-HBc positive), in the serum or peripheral blocd mononuclear cell

(PBMC).

Presence of Presence of
HBs-DNA in HBx-DNA in
Group N |Serum |PBMC | Both | Serum | PBMC | Both
Hepatocellular carcinoma
HBsAg+ve 156 2 1 9 6 3 3
HBsAg-ve 16 0 1 0 0 7 3
Chronic Hepatitis
HBsAg+ve 16 2 1 11 6 3 5
HBsAg-ve 9 2 1 1 0 0 1
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Table III. Frequency of core promoter mutants among HBx-DNA positive chronic

liver disease patients.

Number of HBx-DNA
HBx-DNA RFLP type
positive Wild | Mutant | Mix
Chronic hepatitis (n=31)
Serum HBx-DNA 13 2 5 6
PBMC HBx-DNA 9 1 3 5
HCC (n=36)
Serum HBx-DNA 11 9 2 0
PBMC HBx-DNA 17 16 0 1
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glucose-6-phosphate dehydrogenase deficient variant
in Thai population |
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Short Title: G6PD Viangchan in Thai population

Communicated by < Please don 't entfer>

Glucose-6-phosphate dehydrogenase ‘SG6PD)deficiency is the most common
inherited disorder in human. G6PD deficiency is a common cause of
neonatal hyperbilirubinemia. We conducted a population study for G6PD
deficiency using cord blood quantitative G6PD assay in Bangkok, Thailand
and found that the prevalence of G6PD deficiency is 11.1% in Thai male
(N=350) and 5.8% in female (N=172) cord blood samples. Among neonates
with ha’ erbilirubinemia, the prevalence of G6PD deficiency is 22.1% in male
(N=14 )pand 10.1% in female (N=89). We developed a PCR-restriction
enzyme-based method to identify G6PD Viangchan (871G>A), and searched
for this and 9 other mutations in DNA extract from G6PD deficient blood
samples. We found that G6PD Viangchan I(87 1G>A) is the most common
mutation identified (54%, 21 of 39 mqles? ollowed by G6PD Canton
1376G>T, 4 cases, 10%), G6PD Mahidol (487G>A cases, 8%), G6PD
ai igg 1388G>A, 2 cases), G6PD Union (1360C>T) and “Chinese-5”
(1024C>T, 1 case eacl;?_an | 8 cases (17%) remained unidentified. Among
neonates with hyperbilirubinemia, G6PD Viangchan is also most commonl
identified (60%, 12 of 20 males), followed by G6PD Canton (2 cases), G6P
Mabhidol, G6PD Union, G6PD Kaiping (1 case each), and 3 cases remained
uniden.tii'ied. In conclusion, G6PD Viangchan is the most common mutation
in Thai population. This mutation, together with G6PD Mahidol and G6PD
Canton, are responsible for over 70% of G6PD deficient variants in Thais.
Together with data from other Southeast Asian ethnic group such as
Laotians, G6PD Viangchan (871G>Aéis the most common variant in non-
chinese Southeast Asian population. © 2001 Wiley-Liss, Inc.

KEY WORDS: G6PD mutation, Thai

INTRODUCTION

Glucose — 6 phosphate dehydrogenase (G6PD, MIM # 305900) is an enzyme in
hexose monophosphate pathway. G6PD deficiency is the most common disease-
producing enzyme disorder of human (WHO, 1989). Four clinical syndromes
associated with G6PD deficiency have been identified: oxidative stress-induced
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hemolysis (Carson et al, 1956, Beutler 1959), favism, neonatal jaundice, chronic
non-spherocytic hemolytic anemia (Beutler, 1994). Neonatal jaundice occurs
mostly in the Mediterranean and Asian G6PD deficient infants (Maisel, 1994). In
Thai, 65% of severe jaundice infants had G6PD deficiency (Sasanakul et al,

1989)

Severe neonatal hyperbilirubinemia is well known to cause kernicterus and
death (Brown and Boon, 1968). In Thailand, 19.7% of hyperbilirubinemia is
caused by G6PD deficiency (Tanpaichitr et al, 1995). Phototherapy, exchange
transfusion, education and surveillance have been shown to reduce these
complications (WHO, 1989).

G6PD has been studied biochemically, and more than 400 variants have been
identified. To date, more than 68 mutants has been characterized at the DNA
level (Beutler, 1994). Specific G6PD variant is found in people of different ethnic
groups. In Asian region, G6PD Canton was found to be the most common
variant among chinese in Taiwan (Huang et al, 1996), China, and Malaysia
(Ainoon et al, 1999). There are few population studies published on G6PD
mutation in other Asian ethnic groups. In Thailand, G6PD Mahidol (487G>A)
was believed to be the most common G6PD variant in Thailand (Panich et al,
1992}, but it has not been confirmed in population studies. In this report, we
conducted a population screening for G6PD deficiency from cord blood samples,
and identified G6PD deficient mutations in Thai population as well in newborns
with neonatal jaundice.

MATERIJAL AND METHODS

Five hundred and twenty nine umbilical cord blood samples were randomly
obtained in delivery room at Chulalongkorn University Hospital. Five ml of cord
blood were mixed with acid-citrate-dextrose (ACD) and stored at 4°C until
assayed within 3 days from collection. Peripheral blood samples were obtained
from jaundiced newborns from nursery in the first 7 days of life. Serum total
bilirubin was determined by its optical property using Reichert-Jung unistat
bilirubinometer. Neonates with serum bilirubin above 13 mg/dl were included
assessed for G6PD deficiency.
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G6PD activity assay

G6PD activity assays were performed according to the WHO-recommended
standard test (Betke et al, 1967) with minor modification. Two ml of citrated
blood were washed with cold normal saline 3 times with removal of buffy coat.
Washed red cells were assayed for hematocrit, then 50 pl of washed red cells
were mixed with 950 ul ddH,0, mixed and frozen at -20 °C for 40 minutes. Lysed
red cells were centrifuged at 3000 rpm (5000g) for 20 minutes, hemolysate
supernatant was used for G6PD enzyme assays. Enzyme activity was quantitated
by adding SO pl of hemolysate to a 950 pl assay containing buffer (0.1 M Tris-
HCl pH 8.0, 10 mM MgCl,), Glucose-6-phosphate (0.6 mM, Sigma), and NADP
(0.2 mM, Sigma). The rate of NADPH generation was measured at 340 nm at 30
°C over 10 minutes. The average change of optical density per minute was
calculated to determine activity of the G6PD enzyme. G6PD activity was
calculated and reported as IU per gram hemoglobin (g Hb).

In our laboratory, the normal value of cord blood G6PD activity is 7.39+2.57
[U/g Hb from normal male {mean + standard deviation, S.D.), and 6.94+2.51
[U/g Hb in normal female. G6PD deficiency was diagnosed when activity was
less than 1.5 IU/g Hb (WHO, 1967).

DNA was extracted from G6PD-deficient blood samples using Qiaquick®

Blood DNA extraction kit (Qiagen, Germany) according to manufacturer’s
recommendation.

Identification of G6PD mutations

For G6PD Viangchan mutation assay, a mutagenic primer pair 871F (5°-
TGGCTTTCTCTCAGGTCTAG-3") and G6PD10R (5’-GTCGTCCAGGTACCC
TTTGGGG-3’) were used in a polymerase-chain reaction (PCR). One microliter
of purified DNA from blood were mixed, in 50 ul, with 50 ng of each primer, 200
M each dNTP, 10 mM Tris-HCI pH 8.8, 1.5 mM MgCl,, 50 mM KCl, 0.1%
Triton X-100, 0.5 U of Tag polymerase (Promega). The PCR amplification was
performed on the DNA thermal cycler for 1 cycle of 95°C for 5 minutes, then 35
cycles of 1 min at 95°C, 1 min at 56 °C, 1 min at 72 °C, and final extension at 72
°C for 10 minutes. In 30 pl reaction, 251l of PCR product was digested with Xbal
(Gibco BRL) for 2 hours, then resolved on 3% agarose gel (Metaphore, FMC
Bioproduct, Rockland, ME) containing ethidium bromide.

For 95A>@, 392G>T, 487G>A, 493A>G, 592C>T, 1024C>T, 1360C>T,
1376G>T, and 1388G>A, 9 oligonucleotides with natural or mutagenic primer set
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(Huang et al, 1996) were used for detection of the nine known G6PD mutations
(NSTDA BIOTEC, Bangkok, Thailand). The PCR amplification conditions were
similar to G6PD Viangchan except for annealing temperature was 55 °C for 1
min. The PCR product was digested with appropriate restriction enzyme
digestion set (Huang et al, 1996) (Gibco BRL) according to manufacturer’s
recommendation.

For nt1311 polymorphism, three primers, G6P10F2 (5’-ATGATGACCAAGA
AGCCGGGC-37), 1311TR (5’-CGTCCAGGATGAGGCGCTCA-3) and
G6P12R (5’-CTGCCATAAATATAGGGGATGGG-3") were used in a PCR
reaction at the same condition above. The PCR amplification was performed on
the DNA thermal cycler for 1 cycle of 95°C for 5 minutes, then 35 c¢ycles of 1
min at 95 °C, 1 min at 68 °C, 1 min at 72 °C, and final extension at 72 °C for 10
minutes. Twenty-five pul of PCR product resolved on 3% agarose gel (Gibco
BRL, Grand Island, NY) containing ethidium bromide. Presence of a 200-bp
band indicates C1311T. Presence of 400-bp but not 200-bp band indicates wild-
type nt1311.

DNA Sequencing

PCR product from G6PD exon 9 was amplified using G6PDIF (5’-AGCTGCA
GGCCAACAATGTGGT-3") and G6PD10R. The 360 bp amplicon was used as
template and DNA sequence was determined using ABI prism 310 Genetic
Analyser (Perkin-Elmer, Norwalk, CT) following manufacturer’s
recommendation using G6PDOF as primer.

RESULTS

Prevalence of G6PD deficiency

Of 522 cord blood samples, we identified G6PD deficiency in 11.1% of Thai
male (N=350) and 5.8% of female (N=172). Among neonates with
hyperbilirubinemia, the prevalence of G6PD deficiency is 22.1% in male
(N=140) and 10.1% in female (N=89).

Prevalence of G6PD mutations

G6PD deficient DNA samples were assayed for G6PD known mutations. The
first mutation assessed in this study is G6PD Mahidol (487G>A) because it was
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thought to be the most common variant among Thai G6PD deficient individuals.
Of 39 G6PD-deficient male cord blood samples, only 3 (7.7%) was found to be
G6PD Mabhidol. (Table 1) We then searched for eight other mutations and
identified 4 (8%) cases of G6PD Canton (nt1376 mutation), 2 (4%) cases of
G6PD Kaiping (nt1388 mutation), 1 case (2%) of G6PD Union (nt 1360
mutation}, and case (2%} of “G6PD chinese-5” (nt 1024 mutation). No case of
G6PD Gaohe (95A>@), “Chinese-4” (392G>T), “Chinese-3” (493A>G), or
G6PD Coimbra (592C>T) was identified.

We then performed a PCR of exon 9 on one of the unidentified G6PD-deficient
DNA sample and determined the DNA sequence. A mutation at nt871 from G to
A was found. We then developed the assay for G6PD Viangchan using a
mutagenic 5’-primer (871F) and a reverse primer (G6PD9R) to amplify exon 9,
which will result in 126-bp amplicon. Restriction enzyme Xbal digestion will
cleave mutant, but not wild-type amplicon, to 106-bp (Figure 1) To distinguish
G6PD Viangchan from G6PD Jammu, which differs at a non-coding nt 1311, two
allele-specific oligonucleotide primers sets were used. We found that in all
samples with 871G>A, nt 1311 was T, consistent with G6PD Viangchan. (data
not shown). Using this PCR-based assay, G6PD Viangchan was identified in 21
of 39 male cord blood samples (53.8%) as well as 12 of 20 peripheral blood

samples from jaundiced newborn (60%). (Table 1) Approximately half of G6PD
Viangchan has undetectable cord blood G6PD activities.

Of 10 G6PD-deficient female cord blood sample, 6 were G6PD Viangchan,
while 4 remained unidentified. All female samples were most likely heterozygote
since residual G6PD activity were found, ranging from 0.57 to 1.60 IU/g Hb and
amplicon was partially digested (Figure 1). Similarly, among 7 samples from
G6PD-deficient female with neonatal jaundice, 4 were G6PD Viangchan.
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Figure 1. PCR-restriction enzyme assay for G6PD Viangchan. PCR was

performed on genomic DNA from normal known G6PD Viangchan (control)
showed a 126-bp band that reduce to 106 bp after Xbal digestion. Female
heterozygote show both 126- and 106-bp bands after Xbal digestion.

Table 1. Prevalence of G6PD mutations and their activity from male G6PD-
deficient cord blood samples or peripheral blood sample from male neonatal

jaundice.

Cord blood Necnatal jaundice
G6PD  activity G6PD  activity
Mutation Number {IU/ gHb) Number (IU/ g Hb)
{%) Median Range (%) Median Range
871 (G6PD Viangchan) 21 (53.8%) 0.12 0.00-1.03 | 12 (60.0%) 0.14 0.00-1.50
1376 (G6PD Canton) 4 (10.3%) 0.39 0.16-1.44 | 2(10.0%) 0.29 0.21,037
487 (G6PD Mahidol) 3(7.7%) 0.11 0.00-0.44 1 (5.0%) 0.09 -
1388 (G6PD Kaiping) 2(5.1%) 0.09 0.00, 0.17 1 {5.0%) 1.13 -
1360 {(G6PD Union) 1 (2.6%) 0.00 - 1 (5.0%) 0.00 -
1024 (G6PD “chinese-57) 1 (2.6%) 0.50 - 0 - -
Unknown 7(179%) .. 0.00 0.00-1.05 | 3(15.0%) 0.00 0.0-0.17
Total 39 (100%) 20 (100%)
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DISCUSSIONS

We have identified G6PD Viangchan as the most common variant in Thai
population. With 21 cases identified among 350 male cord blood samples, the
gene frequency of G6PD Viangchan in Thai population is calculated to be 0.06.
Consistent with this finding, heterozygous deficient female are also found in 6
out of 172, indicating that some female heterozygote for G6PD Viangchan is not
in deficient range.

G6PD Viangchan (MIM # 305900.0026) was first characterized biochemically
in 1988 from a Laotian G6PD-deficient patient in Canada (Poon et al, 1988).
This G6PD variant was found to be a WHO class 2, or severely deficient, variant.
G6PD Viangchan was subsequently defined molecularly to be a nucleotide
substitution at nt871 from G to A, predicting an amino acid 291 substitution from
Val to Met. Nucleotide substitution 871G>A is also found in G6PD Jammu
(Beutler et al, 1991) which was found in patient from India. These two variant
differs at a nucleotide 1311 polymorphism, where it is C in G6PD Jammu, and T
in G6PD Viangchan.

G6PD Viangchan has been reported to be a common variant among Laotian
people (5 of 9 G6PD-deficient subjects) based on a small transplanted population
in Hawaii (Hsia et al, 1993). The finding that gene frequency of G6PD
Viangchan is high in Thais and Laotians support the common ancestry of these to
ethnic group. In contrast, G6PD Viangchan is found in 10% of Filipinos (6 of 53)
(Hsia et al, 1993), and only rarely in Chinese population, only 1 in 112 G6PD-
deficient male neonate (Huang et al, 1996).

In contrast to previous study (Panich et al, 1972), we did not find G6PD
Mahidol to be the most common G6PD variant in Thailand. G6PD Mahidol was
named after the university where it was identified biochemically in 1972, and
assessed to be a mild (WHO class 3) variant. Among 22 patients with acute
hemolysis, G6PD Mahidol was identified in most cases. Subsequently, DNA
analysis identified point mutation at nucleotide 487 with substitution of G with
A, which changed translation of amino acid 163 from glycine to serine (Vulliamy
et al, 1989). Based on molecular analysis used in our study, we found G6PD
Mahidol in less than 10% of G6PD-deficient population. [t remains possible that
G6PD Mahidol is associated with only episodic hemolysis. The ease of PCR-
based asssay would allow us to study this mutation in hemolytic patients in the
subsequent study.
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In contrast to multi-ethnic Malaysia and Singapore, Thai population consists of
native Thai and assimilated Chinese. Similar to Malaysia and Singapore, Chinese
immigrants were mostly from Guangdong province around 2 generations earlier.
The proportion of Chinese ethnic is uncertain because of assimilation with the
Thai population. G6PD Canton was the most prevalent (50%) in chinese, and is
found to be the second most common variant (10%) in our study. This
subpopulation could be descendant of chinese immigrant in to Thai population.
The other less common chinese variants, G6PD Kaiping, G6PD Union, and
G6PD “chinese-5" were also identified in the proportionately smaller number.

In contrast to G6PD Canton, which was shown to be related to severe
hyperbilirubinemia (Huang et al, 1996), there is no trend toward a relationship
between G6PD Viangchan and hyperbilirubinemia. The proportion of this to
other mutations in G6PD deficient jaundiced newborn is similar to that found in
general population, implied by cord blood study. Similar to G6PD deficiency at
large, G6PD Viangchan contribute to a relatively late onset of
hyperbilirubinemia. The level of bilirubin and date of onset is indistinguishable
from other mutations.

In summary, our finding suggests that G6PD Viangchan is a marker of Thai
ethnic, similar to of hemoglobin E allele in this population (Wasi, 1967). The
high prevalence of G6PD Viangchan and hemoglobin E allele could be a result of
malaria selection pressure in this region.
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