Lomb3H-CDY9, 3 SAl-digested pComb3H-CD99; inscried CDIQ
gne at 489 bp (M)

idation of bicaclive domain on CD99-¢ by aggregalion
Shibition assay

cullure plalc (Costar, Cambndgc Mass) The aggregallon
st line was obtained by adding 50 pl of 0.15 pg/ml MT99/1 10 the
ell. For the aggregation inhibition assay, 50.pi of 10'? pfu/ml
39-¢ were preincubated with 50 pl of 0.15 pg/mi MT99/1 for | h
1 37°C before adding to the Jurkat cells. VCSMI13 was used in
dace of CD99-¢ as a negative inhibition conuroi system. The final
wiume of each weill was adjusied 1o 175 il with culture medium.
The cullure was then maintained at 37°C in a humidified
mosphere with 5% CO, in RPMI-1640 supplemented with 10%
%l bovine serum and antibiones. Cell aggregation was monitored
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Fig.2 Map of pComb3H-CD99. The two Sfil cloning sites into
which the CD99 gene was inserted are indicaled. Signal sequence
(OmpA). ribosome binding site (R{BS). lac promoter, and gpff!
B gene are also depicted
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'l-_ 1 a CD99 gene PCR amplification product from the pCDM 8- |_. l_._r
'LD99 vector using primers CD99MatF and CD99MatR. Lanes: | 0 = ] — T - T
UNA molecular weight marker (Roche), 2 | pl amplified product. . - Z &= ﬁ
‘A single band at 537 bp is depicted (*). b Restriction fragment Solid phase E = £ =
malysis of pComb3-CD99. The constructed pComb3-CD9% was z = =

Fig. 3 Sandwich ELISA for the delecuon of phage bearing CD95.
Solid phase was coated with either MT99/1, MT95/3, MT34 or no
monoclonal antbody (mAb). VCSMI3 was used as a negative
control. The bound phage was traced wilh horseradish peroxidase
(HRP)-conjugated sheep anti-M13

every hour for 4 h under an inverted microscope (Clympus, Tokyo,
Japan).

Results
Construction of a phagemid expressing CD99

in order 1o generate phage expressing CD99 molecules, a
¢DNA encoding CD99 protein cloned in the eukaryotic
expression vector pCDM 8 (pCDM 8-CD99) (Kasinrerk
et al. 2000) was used. From pCDM 8-CD99, we amplified
the mature CD99 gene using primers CD99MatF and
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4 h

ig. 4 Induction of Jurkat cell aggregaton by MT99/1.
monitored under an inverted microscope for 4 h

Fig. 5a—e [nhibition of MT9%/
l-induced Jurkat cell aggrega-

tion by CD99-¢. Jurkat cells Y
were incubated with MT59/] i 13
preincubated with YCSMI3 (a} .

or CD99-¢ (b). As controls,
Jurkat cells were cujtured with

dlone. Non-induced Jurkat cells
were referred as auto-aggrega-
fion base-line control (e). The
degree of aggregation was ob-
d after 4 h of cuitivation

'“” . The amplified product of 537 bp obtained
(Fig. 1A) was then inserted into pComb3HSS phagemid
1 the correct reading frame by means of the SAT cleavage
iles on both the 5" and 3' ends. Thus, a new vector,
9Comb3H-CD99, harboring the CD99 gene was generat-
#d. In this vector, CD99-DNA is flanked upstream by the
OmpA signal sequence and downstream by gplll. The
gorrect insertion of CD99 was verified by restriction
“nalysis with Sfil (Fig. |B). PCR-analysis using primers
(D%9MatF and CD99MalR produced a single band of
337 bp. A map of pComb3H-CD99 is shown in Fig. 2.

Generation of phage displaying the CD99 molecule
produce phage displaying CD99 (CD99-¢), VCSM13

entous phage was used to infect pComb3H-CD99-
mnsformed E. coli XL-1 Blue. Propagation of VCSMI3

results in incorporation of the CD99-gplIll fusion protein
during the viral packaging process. The recombinant
phage particles thus produced were screened for the
expression of recombinant CD99 by sandwich ELISA. As
sbown in Fig. 3, the generated CD99-¢ specifically bound
to both CD99 mAbs (MT99/1 and MT99/3). In contrast,
VCSMI13 prepared from non-transformed XL-1 Blue was
not captured by either CD9% mAb. A negative resuit was
also obtained in wells coated with CD54 maAb MT54,
irrespective of the phage type added (Fig. 3). These
results suggested that CDD99-expressing phage particles
had been successfully produced.

CD99-expressing phages carry a bioactive domain

It has been demonstrated that CD99 maAbs induce
homotypic: Jurkat cell aggregation (Kasinrerk et. al.
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|4000}. In the presence of MT99/1, Jurkal cells started to
w homotypic cell aggregation after I h incubation and
‘gached maximum aggregation at 4 h incubation (Fig. 4).
'Thc induction of cell aggregation by MT99/1 was then
md to evaluate the CD99 bioactive domain on CD99-¢.
“Asshown in Fig. 5, preincubation of MT99/1 with CD99-
“pinhibited Jurkat aggregation. In contrast, induction of
gﬂw ggregation was not altered after preincubation of
/1 with VCSM13. When Jurkat cells were cultured

rh the presence of VCSM13 or CD99-¢ alone, very few
aggregation foci resulted after 4 h incubation (Fig. 3).

rlh: same degree of auto-aggregation degree also ap-
‘peared in the non-induction Jurkat culture control (Fig. 5).
' These results indicated that the generated CD99-¢ carty a
P|,Eaper!y folded bioactive epitope, which was recognized

MT99/1.

"mssion

‘The phage display technique has been described for the
“production of recombinant molecules such as antibodies
{lHoogenboom and Chames 2000), tissue plasminogen
‘l:uvator (Manosrei et al. 2001), or collagen-binding
tein from Necator americanus (Viaene et al. 2001).
f‘ﬂ:e conformational structure of the heterologous mole-
gules can be vastly improved as they are delivered to the
:}ﬁiplasmic space of E. coli, which has higher oxidizing
conditions compared to the cytoplasm. In the present
1uporl we genedcally engineered a cell surface molecuie,
[IEDQQ using phage display. The PCR-amplified CD99
WNA was inserted into Sfil-cleaved pComb3HSS
ghagemid. The resulting phagemid (pComb3H-CD99)
I&Ims then used to generate CD99-expressing phages using

elper phage VCSM13. Expression of CD99 was dem-
4ml:ratcd by sandwich ELISA; CD99-¢ were recognized
l:y CD99 mAbs MT99/1 and MT99/3. Since an HRP-
|ihbeled anti-M13 phage antibody was used as the tracing
antibody, the CD99 molecutes were manifestly linked to
‘phage particles.

mAbs against CD99 protein produced in our depart-
ment were previously shown to induce homotypic cell
aggregation of Jurkat cells (Kasinrerk et al. 2000}. In the
present study, the inhibiticn of Jurkat cell aggregation
\ﬂduced by MT99/1 was used to evaluate the presence of
{D99 bioactive domains on CD99-¢. The degree of
hrkat cell aggregation was significantly reduced when
MT99/1 was preincubated with CD99-¢. The CD99
molecule was clearly implicated as the inhibitor since
preincubation of MT99/1 with VCSMI13 did not obstruct
eell aggregation. The inhibition of MT99/1-induced
IJ\IIkat aggregation by CD99-¢ suggested that the gener-
ded CD99-¢ comtained a properly folded biocactive
‘domam This successful preservation of the bioactive
domain allows further use of CD99-¢ in the screening of
specific ligands on the leukocyte surface.
. Taken together, our findings demonstrate the feasibil-
ity of using the phage display technique to display the
b99 molecule. This technique has a high potential o

generate phage expressing other leukocyte surface
melecules, providing the corresponding ¢cDNA is avail-
able. In practical terms, the recombinant phages produced
will be useful for identification and functional analysis of
the receptors of the molecules of interest. In addition. the
recombinant phagemid can be easily switched from a
phage display version to a secretory version without
subcloning to a new vector, as demonstrated in our recent
study (Manosroi et al. 2001). As the defined fermentation
conditions allowed protein levels of 100 mg/ml to. be
obtained, an adequate quantity of soluble molecule of
interest can be produced (Manosroi et al, 2002). The
soluble protein produced can be used for other immuno-
logical studies, e.g.. epitope characterization and immu-
nomodulation assays.
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Autosomal Recessive Distal Renal Tubular Acidosis Caused by
G701D Mutation of Anion Exchanger 1 Gene

Pa-thai Yenchitsomanus, PhD, Somkiat Vasuvattakul, MD, Sukachart Kirdpon, MD,
Sirfjitta Wasanawatana, MD, Wattanachai Susaengrat, MD, Suchai Sreethiphayawan, MD,
Duangporn Chuawatana, BSc, Sumitra Mingkum, BS¢, Nunghathai Sawasdee, BSc,

Peti Thuwaijit, MD, PhD, Prapon Wilairat, PhD, Prida Maiasit, MD, and Sumalee Nimmanait, MD

® Anion exchanger 1 (AET or band 3), encoded by the AEY or SLC4AT gane, reguiates chloride-bicarbonate
exchange in erythrocytes and a-Intercalated cells of the distal nephron. Detects of AE1 at the basolateral membrane
of a-intercalated cells may result in the failure of hydrogen ion secretion at the apicsl membrane, leading to distal
renal tubular acidosis (dRTA). Abnarmalities of the AET gene were previously reported ta be associated with
autosomal dominant dJATA. However, recent studies of Thai dRTA families have shown that mutations In this gene
result in autosomal recessive (AR) dRTA, giving rise to the postulation that AE7 gene mutations causing AR dATA
might be found commaonly in Thai padiatric patiants with dRTA. We performed & study of the AE1 gene using DNA
linkage, polymerase chain reaction single-strand conformation polymorphism, restriction endanuclease Hpall
digestion, and DNA sequence analyses In eight families involving 12 Thal children with dRTA, shown by abnormai
urinary acidification using a short acid-loading test, as well as among their family members. Seven patignts with
dRATA from five families had the same homozygous miasense G701D mutation of the AET gene, Thelr parents or
siblings heterozygous for the AE? G701D mutation were clinically normal and did not have abnormal urinary
acidification, alithough a heterozygous sibling tn one family had abnormal urinary acidlfication. Results of this and
previous studies show that a homozygous AE? G701D mutation causes AR dATA and is a common molecular defect

among Thal pedlatric patients with dRTA.
© 2002 by the National Kidney Foundation, Ine.

INDEX WORDS: Distai renal tubuiar acidosis (dRTA); band 3; anlon exchanger 1 {AE1); SCL4AT; Thai.

CID-BASE HOMEOQOSTASIS in the human
bedy is critical for normal growth, devel-
opment, and metabolic function. Human arterial
bleod pH is normally regulated at 7.4. The kid-
ney has a major role in this regulation because of
its ability to sustain bicarbonate reabsorption and
acid excretion. H*-ATPase pump located in the
apical membrane of a-intercalated (or type A}
celis of the distal nephron is important in the
process of net acid excretion,! which cccurs in
association with bicarbonate reabsorption across
the basolateral membrane of these cells, medi-
ated by anion C17/HCO;™ exchanger 1 (KAEL or
band 3).2+
Failure to either excrete acid or reabsorb bicar-
bonate by these cells leads to distal renal tubular
acidosis (dRTA), characterized by the incapabil-
ity of the kidney to acidify urine in the presence
of systemic metabolic acidosis.!® Autosomal
dominant {AD)¢ and autosomal recessive {AR)8
patterns of inheritance have been observed in
kindreds with primary dRTA, with a broad spec-
trum of clinical severity. Patients with AR dRTA
usually are severely affected in infancy with
failure o thrive, growth retardation, and rickets.
Many patients with AR dRTA can have sensori-
neura} deafness.®'? but others have preserved

hearing.! Patients with AD dRTA remain asymp-
tomatic until adolescence or adulthood.

Defects in several enzymes or transporters
involving transepithelial acid excretion and bicar-
bonate reabsorption in a-intercalated cells cause
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hentabte dRTA. These include H¥-ATPase and
H*K*-ATPase. which mediate hydrogen ion se-
cretton across the luminal membrane of a-inter-
calated ceils. kAE] or band 3 that discharges
bicarbonate across the basolateral membrane of
a-intercalated cells by exchanging with chloride,
and cytoplasmic carbonic anhydrase 1. in which
activity provides both hydrogen ion far luminal
secretion through the vacuolar H*-ATPase and
bicarbonate for basolateral expulsion through
kAE}.1S

Recently, mutations in the anion exchanger |
(AE!: SLC4A T [MIM 109270)) gene locased on
chromosome 17q2t were found in several kin-
dreds with AD dRTA.'*'S Charactenzation of
AEl in AD dRTA idemtified multiple fami-
lies'*!+1% with missense mutations in codon 589
(R589H, RSB9S. R589C) located in the sixth
ransmembrane domain (TM6), one family!* with
an 8$613F mutation in TM7, and another family!
with an li-amino acid deletion at the carboxy
terminus. However, functional analysis of R589
mutations showed only a modest reduction in
AEl-mediated ¥C1- transport expressed in Xeno-
pus oocytes, whereas the S613F mutation is
associated with uwpregulation of anton transport.
Similarly, litie change was evident in AE}-
mediated suifate transport in these patients’ red
bitood cells (RBCs). Thus, the mechanism by
which mutant AE] causes AD dRTA remains
unclear.

A novel AE! mutation linked to recessive
inheritance of dRTA and hemolytic anemia in
which RBC anion transport is normal recently
was reported.!® The two affected individuals,
siblings of the same family, were triply homozy-
gous for two benign mutations, M31T and KS6E.
and the functionally defective mutation, G701D
{band 3 Bangkok I). AE! G701P mutation re-
sults in inactive anion transport because of im-
paired protein trafficking, shown by an expres-
sion study in Xenopus oocytes.'$ Coexpression
of AE} G701D with the erythroid AE] chapero-
nin, glycophorin A {GPA). rescued both AEl-
mediated chloride transport and AE! surface
expression in oocytes.' Thus, genetic and func-
tional dam from this study indicate that the
homozygous AES G701 D mutation causes reces-
sively transmitted dRTA with apparensly normal
erythroid anion transport.

Qur group recenty described a novel com-

YENCHITSOMANUS ET AL

pound heterozygosity of the AE! gene causing
AR dRTA in patients with southeast Asian ovalo-
cytosis (SA0).1 Two clinically affected individu-
als from two unrelated families had one AE/
aliele with the missense G701 D mutation and the
other allefe with a nine-amino acid deletion
(residues 400 o 408). which is specific 1o SAD
and also produces transport-tnactive protein. This
observation recently has been confirmed and
extended to other genotypes. including AV850/
SAQ, A8SBD/SAQ. AVES0/AVES0. and AVES)/
A858D in Malaysian and Papua New Guinean
patients with dRTA. '8

Because two cases with homozvgosity and
two cases with compound heterozygosity of the
AEI G701 D mutaticn have been detected in Thai
children with dRTA, this mutation might be
found commonly in Thai pediatric patients with
dRTA. Therefore, we performed an analysis of
the AE] gene in 12 Thai children with dRTA and
identified 7 patients from five families homozy-
gous for the AE! G701 D mutation.

METHODS

Patients

The study group consisted of 12 patients with dRTA, theis
siblings, and their parents in eight families from the aonth-
east region of Thailand. Altogether, 2% subjects were in-
ciuded on the swdy. Criteria for inciusion of patients were
the preseace of systemic acidosis with seram bicarbonaze
levels tess than 20 mEqg/L. inability to reduce urine pH o
less than 5.5, and low rate of ammonivm excretion. A short
acid-loading test (discussed next) was performed to confirm
the dingnosis in all patients. Subjects who did not meer these
criteria or showed normat results in the acid-loading test
were excluded from the srudy. The 15t also was conducted
on pafients’ parents and siblings. All subjects were pre-
scribed a normal diet, and medications were terminated |
week before the acid-loading test. During the ficst admis-
sion, 10 mL of blood was collected from patients, their
siblings, and their parents, with informed consen. for bio-
chemicol and DNA analyses.

Short Acid-Loading Test

Renal acidificarion was examined using the short acid-
loading test, which has been performed as a diagnossic ool
as previousiy described by Wrong and Davies. ! Briefly, 0.1
gkg of NH,Cl was administered orally te subjects. Urine
was sampled at 1he beginning of the acid load and at hourly
intervals for the subsequent 6 hours. Utinary pH, titratable
acid, aml ammonium excretion were measwred, Unine ammo-
nium and titraable acid ard serum poassiom, icarbonrate,
ahd crestinine levels were determined as previously de-
scribed.'” Resuits of the acid-loading lest that indieated a
urinary acidification defeci were the inability to decrease
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urine pH to less than 5.5 with a tow rate of urine ammoniuvim
excretion (<20 pEgfmin) after acid loading,

DI78787 Microsatellite Analysis

Genomic DNA was prepared from peripheral Jeukocytes
by means of the standard phenol-chioroform extraction
method. To tavestigate 1he possible involvement of the AES
gene in causing dRTA in patients, segregation of this gene in
families was studied by DNA linkage using the D178787
microsaeltite, a potymorphic marker mapped (0 the same
region (17q2 1) as the AES gene {MNational Center for Biotech-
nology Information [NCBI): GeneMaop'99). The microsatel-
lite region was amgplified by polymerase chain reacrion
{PCR) using a pair of priroers with the sequences 5'-
TGGGCTCAACTATATGAACC-Y (L-primer) and 5°-TT-
GATACCTTFEEGAAGGGG-Y (R-primer). The L-pnmer
was end-labeled with phosphorus 32 (3°P) by using P
adenosine tniphosphate and T4 polynucleotide kinase. The
PCR mixmre (25 pL} contained 125 ng of genomac DNA,
2.5 pmol of each primer, 0.5 pmol of **P-labeled pomer.
0.25 U Tag polymerase {Promega, Madisan, WT), and other
standard componemnts. PCR was performed for 37 cycles:
each cycle consisted of | minute ar 95°C, | minute at 62°C,
and | minute ar 72°C. The radioactive PCR product was
analyzed by electrophoresis on demawuring 6% polvacryl-
amide gel and detected by autoradiography.

Screening for AEY Mutarion by PCR and
Single-Strand Conformation Polymorphism

Muasions of the AE! gene were screened by PCR and
single-strand conformation polymorphism (PCR-SSCP} as
previousty described."? Briefly, sequences in exons 4 1o 20
and the ladrey promoter sequence in intron 3 were amplified
by PCR. PCR-amplified products were denatwred by heating
in buffer containing formarnide and sodium hydsoxide. SSCP
analysis was performed by electrophoresis on nondenatunng
10% polyacrylamide gel. and bands were visualized by
silver staining.

Analysis of AEY G701D Muwation by
Restriction Endonuclease Hpall Digestion

The presence of the AE] G701 mutation abolishes the
recognition site of restriction endonuclease Hpall.t” Thus,
this mutation can be detected readily by digesting the ampli-
fied exor 17 fragment with Hpall (Promega) and examining
the fragments produced by agarose gel ¢lectrophosesis. A
aormat allele produces two fragments of 254 and 67 bp.
whereas the G701D allele results in a single fragment of
321 bp.

DNA Sequence Analysis

PCR products that showed mobility shift on the SSCP gel
were reamplified for purification using Qi Aquick Gel Extrac-
tion Kit (Qiagen, GrabH, Germany). Purified PCR producis
then were sequenced using ABI-PRISM BigDye Terminator
Cycle Sequencing Ready Reaction Kit (Applied Biosysiems,
Foster City. CA) and an automated sequencer ABI-
PRISM310 (Applied Biosysiems).

RESULTS

Twelve patients with dRTA from eight fami-
lies examined on this study presented with fail-
ure (o thrive and growth retardation. Eight of the
patients had rickets. and one patient had nephro-
caicinosis (Table [). No patient had clinical hear-
ing loss; however, audiometry tests were not
conducted.

Hypokalemic and hyperchloremic metabolic
acidosis, with normal serum creatinine levels
accompanied by alkaline urinary pH, were ob-
served during their admission for an acid-loading
study {Table 2). Examiration of patients’ RBC
indices and morphological characteristics showed
the presence of microcytes, spherocyies, ovalo-
cytes, and elfiptocytes (Fig 1), but no feature of
hemolytic anemia. Ail patients had previously
been treated with potassiurn and bicarbonate
replacement for varying periods.

Shon acid-leading tests were performed on
patients and their family members. All 12 pa-
dents showed abnormal renal acidification func-
don (Tabie 1). That is, after acid loading, patients
could net acidify their urinary pH to less than 6.0
and did not excrete ammonium greater than 20
uEg/min (Table 2). In all families except one,
parents and other unaffected siblings could fully
acidify their urine and had appropriate rates of
ammonium excretion after acid loading. How-
ever, in family D, the patient’s younger sister
(Table I, family D, no. [I-2} had abnormal un-
nary acidification (data not shown} without clini-
cal manifestations; thus, an incomplete form of
dRTA was diagnosed.

Invoivement of the AE/ mutation in causing
dRTA was studied in these families. The same
patterns of mobility shifts were observed in the
PCR-SSCP analysis of AEJ exon 17 in seven
patients from five families (A, B, C, D, and E;
Fig 2, lanes 5 to 11). However, a normal mobility
pattern of exon 17 was detected in five patients
from three famities {F. G, and H; Fig 2, lanes 12
to 16). Results of DNA linkage analysis in the
five families (A through E) also supported the
association of AET and dRTA. In families A and
B, the two affected siblings (II-i and -2} had
the same genotypes: 142/142 {nt) in family A,
and 140/138 in family B (Fig 3). [n family C, a
different set of genotypes in the patient (160/
142y and the unaffected sibling (156/142) was
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Table 1. Clinical Diagnosis, Acid-Loading Test, and AE ! Genotypes of Patients and Members of Eight Thai
Families With dRTA
Climical
Family No. Relationship Age (y) Diagnosis ALT AL Genolype
A I-1 Father 33 Namnal Nomma$ G701
1-2 Mother 36 Notmal Nogmal G701DAN
-1 Son 12 GRTA & nickets Abnormal G7TODIG7ON0
fl-2 Son g dRTA & rickels Abnormal GTO1DIGTOI0
B I-4 Mother 46 Nomal Normal GFO1DAN
1i-3 Son 17 dRTA & rickels Abnormal GYMD/GTOND
-2 Son 14 dATA % rickets Abnormal GINMD/G70ID
c I-1 Father 38 Normal Normal G701DMN
L2 Mother 31 Normal Normal Gro1D/
11 " Caughter 12 dRTA & rickets Abnormai GrQIDIGTOID
-2 Daughter 9 Nomal Nomal NN
G I-1 Falher 30 Normmal Indeterminate” G700/N
-2 Mother — Namal Normal G7O0OVN
1I-1 Daughter 8 dRTA & Abnormal G701D/G701D
nephrocalcinosis
1-2 Daughtar —_ Nomal Abngrmal GFO1D/N
E -1 tdother 40 Nottna! Normal G701D/N
il-1 Son 7 GRTA Ahnormal G7OID/G7010
F -1 Father 41 Normal MNormal NN
-2 Mather 31 Nomal Normal Nt
(-1 Daughter 15 dRTA Abnormal NIN
-2 Daughter 5 Nomaal Normal NiN
G O] Mother s Noamal ND NIN
H-1 Daughter 12 Nomal HNormal N
1i-2 Daughier 10 dATA Abnormai NN
H I-1 Fathar 44 MNormal Narmal NN
-2 Mothar 45 Normal MNormal NN
13-% Son 24 dATA & rickats Abnorrat NN
-2 Son 22 dRTA & rickets Abnormat N/N
-3 Caughter 21 dRTA & rickets Abnormal NN

Abbreviations: ALT, aad-leading test; NO, net datermined.
*The diagnosis could not be made because of conflicting results of repeated acid-loading tests.

detected. Similarly, in family D, differences in
genotypes were observed between the patieat
with fult-blown dRTA (152/138) and her younger
sister with only an abnormal rena} acidification
(140/138). Family E was not informative be-
cause only the patient and his mother were avail-
able for analysis. [n addition to results of PCR-
SSCP mentioned previously, DNA linkage and
restriction endonuclease Hpall digestion studies
did not support the involvement of AE7 in dRTA
of the F, G, and H famiiies.

Results of AE] G70ID analysis by Hpall
digestion in the seven patients with dRTA from
families A, B, C, D, and E showed that all
patients’ samples had only the undigested 321-bp
fragment of exon 17, indicating they were ho-
mozygous for the G701D mutation (Fig 3).
Samples from parents showed both the undi-

gested 321-bp and two digested 254- and §7-bp
fragments, consistent with the presence of both
normal and G731D alieles. Hpall digestion anal-
ysis in the five patients from families F, G, and H
showed they did not carry the G701 D mutation
(data not shown). DNA sequencing of exon 17
from all seven patients from the five families (A,
B. C, D, and E} showed a nucleotide substitution
in codon 701, CGG—CAG, in both alleles (an
example of the sequencing profile is shown in
Fig 3}, indicating the presence of a homozygous
G701D mutation, whereas exon 17 from pa-
tients” parents showed the presence of both nor-
mal and G70iD codons {Fig 3). AE} G701D
allefes tn all patients were associated with the
Memphis [ (K56E) polymorphism, resulting from
a nucleotide replacement (AAG—GAG) atcodon
56 (data not shown). We previocusly showed that
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Table 2 Rasullts ot Bload and Urine Analyses During the First Admission and After a Short
Acid-Loading Study in the 12 Patients With dRTA

Ounng Firsl Admussion After Acid Loading Study
Serum Serum Sarum Urina Unne
Potassium Bicarbonalg Creauning Ammonium Titrable Acid
Famiiy No. (mmatiL) {rmmalL) Urins pH fmg/dL) (uEg/min} {Eq/mun) Unne pH
A -1 2.3 10 75 0.7 6.3 i.6 7.2
H-2 35 9 78 0.6 72 1.4 71
B -1 28 13 7.0 0.3 8.4 59 8.7
-2 38 25 7.4 0.6 10.3 49 6.9
C -1 1.5 W 75 Q.7 6.8 1.4 7.3
D 11 3.6 14 7.4 0.6 43 a9 70
= 1I-1 3.4 15 7.2 056 14.1 4.9 6.5
F -1 4.1 11 6.7 1.4 62 3.0 6.4
G -2 1.9 14 7 08 10,4 4.8 6.3
H Il-1 29 12 70 1.1 8.8 8.1 66
-2 2.9 16 68 09 8.5 5.1 5.9
-3 23 13 65 1.0 11.5 3.8 8.8

both the AE!] G701D and SAQ mutations are
linked in cis to Lthe Memphis 1 {K56E) polymor-
phistn,'” as observed by others.1%'3

DISCUSSION

The failure of acid secretion from a-interca-
lated cells in the distal nephron may result from a
defect of the transport protein mediating hydro-
gen ion secretion across apical membranes or
that mediating bicarbonate reabsorption through
the basolateral membrane. An abnormality of
kaE? that functions in chlonide-bicarbonate ex-
change at the basolateral membrane of a-interca-
lated cells leads to a failure of hydrogen ion
secretion across the apical membrane, compro-
mising cellular mechanisms regulating intraceliu-
lar acid-base balance and thereby causing dRTA.

Therefore, secondary o abnormal KAEL func-
tion, the net activities of H™-ATPase and prob-
ably alse H*/K*-ATPase pumps are decreased.
The reduction in distal hydrogen ion secretion
also may result in potassium wasting® brought
about by enhancement of potassium secretion to
maintain electroneutrality, possibly leading 1o
hypokalemia.

During the past few years, defects of the AL/
gene in dRTA have been extensively investi-
gated. and mutations, particularly at R589 of this
gene, were found to be associated with AD
dRTA.'2'13 but without supporting evidence from
functional studies. A novel AE/ (G701D) muta-
tion. with impaired prolein trafficking shown in
Xenopus oocytes and linked to AR dRTA, was
reported recently in two affected Thai siblings

Fig 1. RBC morpholagical characteristics of {A) a healthy individual and (B) a representative patient with dRTA
with the homozygous AET G701D mutation. Note that xerocytosis-fike RBCs, previously observed in patients
homozygous for both the AE1 G701D mutation and Hb E.'® are not present in the blood smear of this homozygous
AET1 G701D patient with dATA without Hb E.
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Fig 2. Hesults for exon 17 screening for AET mutatlons by PCR-SSCP, Two normal samples (fanes 1 and 2), 2
samples (rom individuals known to ba heterozygous for the AE7 G7010 mutation (fanes 3 and 4), and 12 samples
trom patients with dRTA (Janes 5 to 16} were examined on tha gel. Samples from 7 patlents with dRTA {lanes 5 to 11}
had the same pattern of mobility shift. Bands indicated by arrows are located at the same pasitions as those
observed |n samples trom known individuals with heterezygous AET G710 matation {lanes 3 and 4), Samples from
5 patients with dRTA {lanes 12 to 16) did not show mobility shift in this exon.

from the same family. both homozygous for the
AE! G701D mutation.'® Compound heterozygos-
ity of this mutation with that of a 27-nucleotide
deletion n exon 11 of the AE! gene commonty
found in the scutheast Asian population is seen in
AR dRTA associated with SAQ.'™1% Thus, the
presence of a homozygous AE! G701D mua-
tion, first identified in two Thai pediatric patients
with dRTA from northeasiern Thailand.' and of
compound heterozygosity between AE/ GT01D
and SAQO mutations in two affected Thai children
from southern Thailand'? and Lhree affected Ma-
laysian children'® Jed us te suspect that the AE!}
G701D mutation might be of ancient origin that
has evolved in this region and might be a com-
mon mutation causing AR dRTA in Thai pediar-
0c palients.

We therefore investigated abnormality of the
AE! gene in 12 other Thai pediatric patients with
dRTA from eight families, giving particular atien-
tion 10 the AE/ G701D mutation. as weil as other
AE! mutations reported to be associated with AD
and AR dRTA, by means of DNA linkage. PCR-
SSCP. restriction endonuclease Hpall digestion,
and DMNA sequence analyses. Seven palienis with
dRTA from five families were found to be ho-
mozygous for the AE/ G701D mutation; only
one family (family A) had consanguinity. Parents
and siblings heterozygous for the AES G7QID
mutation did not have dRTA. These findings are
consistent with those previously documented by
our group!’ and others. -3

However. five patients with JRTA from three
fumnilies (F. G, and H) did not have the AE!}
G701 D mutation. In this group of patients, PCR-

SSCP analysis of other ¢xons did not show mobii-
ity shift patterns. indicabng that mutant AEJ was
not invelved in causing dRTA in these patients.
atthough the sensidvity of SSCP is not absolute. In
addiuon. DNA linkage analvsis using the D175787
microsatellite located approximately 3 centimor-
gans (cM) from AE/, which supported the role of a
homozygous AE! G701D mutation 2s the cause of
dRTA in the five families mentioned previously,
failed 1o show an involvement of AE! mutations in
the cause of dRTA in patients from families F, G,
and H. and abnormalities in other genes must be
sought. Possible candidates are ATP6B/ and

ATP6N1B, encoding subunits of kidney vacuolar

H*-ATPase. in which mutations have been re-
ported to cause AR dRTA with sensorineural
deafness' and preserved hearing,' respectively.
A small minority (13%) of patienis with AR
dRTA with ATP68 ¢ murtations did not have hear-
ng loss.'0

The younger sister (JI-2) of the palient
family D had abnormal renal acidification with-
out observed climcal manifestations and was
found to be heterozvgous for the AE! G701D
mutation. Using PCR-SSCP analysis, we did not
observe mobility shift pawemns in other exons of
this gene. Furthermore. AE/ messenger RNA
isolated from blood samples from II-2 and her
father (I-1} were anualvzed by reverse transcrip-
tase PCR and eleciropheresis to investigate the
presence of a mutation that might affect process-
ing of messenger RNA. bul that could not he
detected by genomic DNA analysis of exons,
However, no such abnormality in AE/ was de-
iected (data not shown). Pessible explanatons
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Flg3. (Top) Analysis of the AEt G7010 mutation by restriction endonuclease Hpall digestion of amplified exon
17 DNA fragmenls from seven patients with dRTA, their parents, and siblings in flve families (4, B, C, D, and E). The
amplified DNA fragment with the AE 7 G701D mutation was not cleaved with Hpall and showed a fragment size of 321
bp, whereas that without the mutation could be cleaved with this enzyme, showing fragment sizes of 254 and 67 bp.
An individual with the homozygous AE7 G7010 mutatlon has only a 321-bp fragment, a healthy individual has 254-
and 67-bp fragments, and a helerozygous individual has all three fragments. M is standard DNA size markers,
PhiX174 DNAJ/Haelll. An amplified Hpatl-digested DNA from a healthy woman (C) also was applied as a control
sample. Ages of family members, resuits of the short acid-loading test (ALT), genotypes in the AEY gene reglon
determined by the polymorphic microsatellite D175787, DNA marker of indlviduals in the family also are shown
under lhe gel. Genotypes are indicaled as nucleatide sizes of the microsatellite DNA. (Bottom} Characterization of
the AET G701D mutation by DNA sequence analysis. An amplified DNA tragment of exon 17 from (A) normal, {B)
heterozygote, and (C) homozygote subjects shows codan 701 sequence of CGG/CGG, CGG/CAG, and CAG/CAG,
respectively.
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for the abnormal renat acidification in this indi-
vidual-encompass compound heterozygosity at
twao loci, phenotypic medification from polymor-
phisms of other gene(s), or the effect of unknown
environmental factor(s).

It should be noted that all seven patients with
dRTA homozygous for the AES G701D mutation
on this study did not have xerocytic hemolytic
anemia {Fig 1), found in 1we patients with the
homozygous AE! G701D mutation previously
documented '® This difference may occur be-
cause patients on our study were not also homozy-
gous for hemoglobin (Hb) E, as were both pa-
tients of the previous work. Four of seven patients
on this study were examined for Hb types: three
patients were found to have normal Hb typing,
and one patient was heterozygous for Hb E.
Although Hb typing was not conducied in the
remaining three patients, routine hematologic
and RBC morphological examination did not
show evidence of hemolytic anemia. It seems
most likely that the xerocytic hemolytic anemia
observed in the two patients in the previous
study'® was caused by the presence of both
homozygous Hb E and mutant AE] (band 3). Hb
E is a relatively unstable hemoplobin,¥'#2 and in
conditions of metabolic acidosis and/or other
intraerythrocytic changes caused by acidosts, its
presence may compromise RBC stability. Be-
cause at least one patient with dRTA on our study
was heterozygous for Hb E, the presence of a
single Hb E allele in dRTA is probably insuffi-
cient to cause xerocytic hemolytic anemia.

Mildly abnormal RBC morphological charac-
teristics in our patents with dRTA with homozy-
gous AET G701D (in the absence of abnormal
Hb or thalassemtia) indicate that this mutation
also may affect RBC shape because AE] (band
3) is a transmembrane protein that interacts with
the underlying cytoskeletal network responsible
for maintaining the proper form of RBCs.

Expression and functional studies of Xenopus
oocytes showed that the AEY} G701D-mutant
protein fails to accumulate at the celt surface;
however, this defect can be rescued by coexpres-
sion of the mutant protein with GPA.'¢13 Be-
cause GPA is present in RBCs, but absent in
a-intercajated cells of the kidney, SO anion
influx studies using RBCs from AE/ G701D
homozygotes with dRTA were found to be nor-
mal'$18 (Thuwajit et al, unpublished data). Proper

YENCHITSOMANUS ET AL

placement of KAE! into the basolateral mem-
brane of a-insercalated kidney cells will depend
on a mechanism different from that shown in
erythroid cells.

Resuits of this study provide additional evi- -
dence to support the notion that a homozygous
AE] GT701D mutation causes AR dRTA, and this
genotype is a common molecular defect of AR
dRTA in Thai pediatric patients, especially from
northeasiern Thaitand. However, in the general
Thai population, the frequency of this mutation
was low; one mutant of 434 alieles {0.2304%)
was detected. although this may not be the case
in the northeastern population. The AE! G701D
mutation was the first identified to have a clear
funcrional defect resulting in dRTA with an AR
mode of inheritance.'®'® Qther AE/ murations
causing AR dRTA subsequently have been identi-
fied"® (Yenchitsomanus et al, unpublished data).
The molecular mechanism of AL/ mutation caus-
ing AD dRTA remains to be elucidated. Further
studies of defects of AE7 and its encoded protein
will provide insight into the molecular mecha-
nisms by which AE] mutations cause AD and AR
forms of dRTA.

NOTE ADDED IN PROOF

Two recent papers (Toye et al [Blood 99:342-
347, 2002} and Quilty et al [Am J Physiol 282:
F810-F820, 2002]) reported that band 3 Walton
(a C-terminal deletion) and AE] R589H (as well
as RS89C and R5898) protein had impaired
trafficking to cell surface in the expression stud-
ies using Madin-Darby canine kidney (MDCK)
and human embryonic kidney (HEK293) cell
lines, respectively. Dominant dRTA associated
with these two mutations probably vesults from a
dominant-negative effect due to the formation of
heterodimer between mutant and normal pro-
teins.
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Abstraci

Determinauen of lvmpheeyvie sub-populations is usuzlly carried out by flow cvtometry using two-color immunophenotvping
reagent. By this techmque, however, the combinaiion of F3C and SSC with CD45-FITC/CDI14-PE is unable to identify the
lymphocyie population in a sumple containing lysis-resistamt red blood cells (RBC). The actusl values of lvmphocyte sub-
populations. therelore. cannot be determined in these RBC contaminaied samples. To overcome this problem. we describe here the
use of J-aminocacunomycin D (7-AAD) to exclude lysis-resistant RBC from white blood cells (WBC). By adding 7-AAD.
Ivmphocyvies of samples containing RBC could be identified by using FL3/SSC. therclore, the actual number of lymphocvie sub-
populations of the stained cells was obtained. We have proved that 7-AAD can be used 1o exclude contaminated RBC and has no
efiect on the measurement of lymphocyte sub-populations by using two-color immunophenotyping rezpent. In routine blood
sampies that contin lysis-resistant RBC. 7-AAD markedly increased the purity of lymphocytes in the lymphocyte gate 10 > 93
and the lymphocyie sub-populations therefore could be correctly determined. The described method is inexpensive. simple and gives

successiul anabvsis of Ivmphoceyic sub-populations in 4 sample containing lysis-resistant RBC.

« 200F Pubhshed by Elsevier Science B.V.

Aerwards Flow eviemetn: 7-AAD: Lymphocyte sub-populations: Lysis-resistamt RBC. Two-color starming

}. tntroduction

Human mmmunodeliciency virus (HIV) is a retrovirus
tnal infects cells those possess the CD4 receplor [1-3].
This wfection ciauses the depletion of CD4 + lympho-
vvies. which 15 a maor clinical finding in progressive
infection [2-3]. In HIV infection. the absolule number
of CD4— lymphocvies 15 an imporiant marker [or
prognosis. classification of the stale of disease, treat-
ment deciston and monitoring of therapy [5-9). 1m-
munaphenotyping using lvsed whole blood siained with
monoclonal antibody panels and analvzed by Qow
cviomelry (FCM} 1s the current standard method
[l.11]. The wo—=olor immunophenctyping is a com-
mon method for determimng CD4+ lvmphocyies in
rouuite laboratory. This technique includes the use of

" Telffun: +66-53-946-041,
E-nritf wreldress, warchara@chiangmai.acith (W, Kasinrerk).

monoclonal antibody panels thal contain approprale
monoclonal anlibody combinalions 10 enumerate
CD3+.CD4+ and CDE+ lvmphoevies. The two-color
antibodies contain CD3-FITC/CD4-PE [or quantitata-
uen of T and CD4 + |lvmphocytes and CD3-FITC/CDK-
PE for T and CD8+ lvmphocyies. The reagent also
includes CDA3-FITC/CD14-PE o establish and verifyv
light scatier gzaiing of lymphocvies. The Nuorescein
labeled isorype maiched control mAbs for autofluores-
cence and non-specific binding are also included in this
two-color reagent, By using this two-color reagent.
blood cells are stained wilh the panels of mAbs and
RBC are lysed by RBC lysing solution. The remaining
WBC is then analyzed by FCM. The lymphocyle
population is imtally identihied based on light scatier
characteristics. The quality of the lymphocyte gate is
validated by CD45 and CD14 markers. The CD3+,
CD4+ and CD8+ Jymphocyles in the gated lympho-
cyie population are then determined using FL1 and FL2

0163.247810148 - sex front maiter 2003 Published by Elsevier Science B.V.
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channels. The advaniages of the two-color reagent are
that it can provide number of all T lymphocyle sub-
populalions that éan be used for quality control of the
measurement [J0-13]. However. a potential problem
with this method is that 1n some samples. particularly in
blood samples obtained from ALDS pauents on therapy.
there may be considerable RBC conltamination in the
Ivinphocyie hight scauler gate due 10 Lhe presence of
lvsis-resisiant RBC that scauler light like lymphocytes. If
significant numbers of contaminaied RBC are present in
the acquisition Ivmphocyle gate, the obtained CD4 -
and CD8 ~ lymphocvies number will be erronecusly
decreased.

To overcome this probiem. in the present report. a
Muorescemn dve 7-AAD [14.13] was used 10 discriminale
RBC and WB(C. 7-AAD intercalates between ¢viosine
and guanine bases and 15 easifv excited at 488 nm. The
Hlugrescence emission of the dye has 3 peak at 670 nm
and can pe detected winh FL3. In this study. 7-AAD was
added 10 the samples that contained lvsis-resistant RBC
and anaivzed by FCM. 7-AAD therefore stained WBC
but not RBC and ivmphocvies could be separated from
1he contaminated RBC and gated for the enumeration
o CO=~. CD4~ and CD8-+ Jvmphocytes. By adding
T-AAD. the acluzal percentages of CD3+. CD4+ and
CD%—lvmphocyvies could be obtained. We demon-
sirated here that the 7-AAD can be used for determina-
non of lvmphocvie sub-populations in the sample
presence of lvsis-resistant RBC.

2. Materials and methods

2.0, Blood sumples

Normal and HIV infected blood samples were ob-
latned from the Medical Technology Service Center.
Faculty of Associaled Medical Sciences. Chiang Mai
Usiversiy., Chuang Mai. Thailand. Peripheral blood
specimens  were  collected by venipunciure o
K:EDTA-conainng wbes (Becton Dickinson. San
Jose, Can.

220 Annbodies and reagenis

The 1wo-color direct immunolluorescence reagent
(Simukest) [or enumeration of ymphocyie sub-popula-
tons was purchased from Beclon Dickinsen Immuno-
cviometry Svsiem (San Jose. CA). This reagent conlains
four dual-fluoreckrom conjugated monoclonal antibedy
pairs inciuding CD4A-FITC/CDI14-PE. 1gGL-FITC
1eG2b-PE {1sotype maiched control), CD3-FITC/CD4-
PE and CD3-FITC/CDS-PE. 7-AAD was purchased

from Sigma (St. Louis, MO) and dissolved in DMSO a1
# concentration of 10 mg/ml,

B Kasmrerk { hnmunology Letters 00 (2003) 1 -6

2.3, Immunofluorescence staining

Twenty microliters of each monocional antibody
reagent pairs was added 10 100 pl of whoie blood in
separated 12 x 75 mm Lest tubes. All tubes were gently
mixed and incubated al room temperature for 15- 34
min in the dark. Followsng the incubation period. 2 m}
of RBC lysing solution {Becion Dickinson) was added
and incubated for another 10 min. Aflter centrifugation
a1 500 x g for 5 min and subsequent washing with 2 ml
PBS comaining 0.1% sodiurn azide. the cell pellets were
resuspended in 0.5 ml of 1% paraformaldehvde in PBS.
The stained cells were analvzed by a flow cviomerer
(FACScalibur. Becton Dickinson) using the Simulset
software analysis program (Beclon Dickinson).

To swudy the use of 7-AAD for exclusion of RBC.
blood samples were stained using two-color reagent. as
described above. Before flow cvlometric analvsis, 100 pl
of 1% autologous RBC was added into all siziming
lubes. Five microliters of 12,5 pg/mi 7-AAD in PBS
were then added mio each tube and incubated at room
lemperature in the dark for 30 min. Then. the cells were
analyzed by FCM using CellQuest sofltwars program
(Becton Dickinson).

For enumeration of lymphocyle sub-populations in
biood samples cortaining lysis-resistant RBC. blood
specimens were stained using 1wo-color reagent. as
described above. Five microliters of 1.5 po/ml 7-AAD
10 PBS was added inlo each wube and incubaled ai room
temperature in dark for 30 muin. Cells were analvzed by
FCM using CellQuest software program {Beclon Dick-
180T ).

2.4. Flow cviomeiric analysis

Samples swained in two-color immunolluorescence
were analyzed using Simulset software. A minimum of
2060 lymphocytes was imitially acquired using CD4a3/
CD14 tube. By this sofltware. lvmphocvie population
was identified auviomatically based on the intensity of
the CD43/CD14 immuno(luorescence and a correspoind-
mg forward and side lighi scanier (FSC/SSC) The
Iymphocyte gaie {lymphosaie) was drawn. The purny
of lvmphocytes in the lvmphogate i1s deflined as ihe
proportion of eventls with;n the gate that are lvmpho-
cyies. At least 2000 lvmphocvies were acquired for other
Lubes afler the CD45/CD14 wbe. The isouype control
wbe derermined non-specific binding and set marker {or
distinguishing [Muorescence-negative and -posiuve cell
populations. The CD3/CD4 and CD3/CDS wbes were
analyzed lor the number of CD3+ and CD4+ lvm-
phocyles and CD3+ and CD8+ lvmphocvies, respec-
tively, base on their FITC and PE fluorescence using
FLl and FL2, respectively. By this flow cviometnc
analysis, results were reported as the percentages of the
lymphocyte sub-populations in total lymphocytes.
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For CellQuest sofiware, a minimum of 10,000 cells
- was measured [or each 7-AAD added tube. By monitor-
ing FL3 and SSC. RBC were galed out from the 7-AAD
stained WBC having bright red {luorescence by the FL3
threshold. The remaiming WBC was apalyzed using
FSC/SSC and lvmphocyte population was gated accord-
ing 1o their size and granularity, The percentages of
CD3+., CD4+ and CD8+ lymphocvtes were deter-
mined rom the CD3/CD4 and CD3/CD8 tubes using
FL! and FL2.

3. Results

For measurement of CD4+ and CD8+lymphocytes
by two-color immunophenolyping method. whote blood
were stained with panels of monoclonal antibodies as
deseribed in Section 2. The Ivmphocvie population was
gated according 10 their size and granularity using ligh
- sgatier dewectors (FSC/SSC). In general. RBC are
removed by RBC lvsing solution before Now cytometric
analysis. thus very fow number of non-lymphocytes will
be observed in the lvmphocyte gaie (Fig. 1A). By the
proper gaung. the pusity of lymphocytes in the gate will
be >93%. as deiermined by the us¢ of CD45-FITC and
CD14-PE (Fig. 1B} Percentage of CD3+. CD4+ and
CD& + lymphocytes in the gate can then be determined

SSC-H
Ch14

D3

Fig 1. Representative of two-parameter dot plot analysis of lysed
whole blood stamed with iwo-color immunophenotyping reagenl
(Smultest)  Lymphocvie eate was established from FSC/SSC data
acquisiton {A), which cerrcsponded (o the bright CD45+/CD 14— {B)
using the SimuiSet sofiware. The CD3+. CDe4+ and CD8+
lympbocyies were identified from CDA-FITC/CD4.PE {C) and CD3-
FITC/CDE-PE wbe (D).

14 March 2003 9:43:28

Lot

using CD3-FITC/CD4-PE and CD3-FITC/CDS-PE
(Fig. 1C, D).

However, in some blood samples. parucutarly in
A1DS patients on treatment. there is RBC contamina-
tion in the lymphocyte light scatier gate (Fig. 2} due 10
the presence of lysis-resistant RBC that scatters light,
stmilar 10 lymphocyles. By this coniamination, the
purity of lymphocyies in the gate will be reduced and
therefore the percentage of lymphocyte sub-populations
will be erroneously decreased.

In order 1o elimmate comaminated RBC in the
lvmphogale, in the present study. 7-AAD was used 1o
discriminate nucleus comaning WBC (rom non-nucleus
comaining RBC. To vahdale this approach. whole
blood [rom 1en donors were separated into two tubes.
Both tubes were stained with CD43-FITC/CD14 PE
reagent and RBC were lvsed by Ivsing solution afier
staining. The first tube was analyzed afier RBC tvais.
For the second tube. RBC was re-added before analvsis.
As predicted, the purity of lvmphocyies in the lvmpho-
cyvte light scatler gate of the second wube was very low
(3.3 =1.3%: mean £ 5.D.) {(Fig. 3B) compared 10 the first
tube (95 +1.5%: mean +5.D.} (Fig. 3JA). Then. 7-AAD
solution was added imeo the second tube and re-
anaivzed. For flow cytometric analysis afler adding of
7-ADD. celis were acquired by CeliQuest sofiware using
FL3/SSC. As WBC contains nucleus, but red blood cells
do not, WBC were stained with 7-AAD. After excila-
tion. WBC therefore emitied the fluorescence light thal
was detected by the FL3 detector. By using the appro-
priate FL3 threshold cut off. the non-7-AAD stained
RBC were excluded (Fig. 3C). After acquisition. the
acquired cells were analvzed using FSC and S5C. As
shown in Fig. 3{D}. the lymphocyie population could be
easily galed with high puritvy {97 = 1.1%: mean =S.D.) as
those obtained from the first tube (Fig. 3A). These
results indicated that the 7-AAD could be used 1o
ehiminate RBC which were contaminated in the fvm-
phocyte gate.

SSC-H
CD14

Fig. 2. Representative of (wo-paramerer dol plot analysis ol tysed
whole blood of an AIDS patient staned weth two-color immunophe-
notyping reagenl {Simubtest). The FSC/SSC dot plot shows the
lymphocyte gaie thal contains.a high proporusn of lysss-resistant
RBC {A). The CD45-FITC/CD14-PE dot piot indicated that the punty
of lymphocytes in the lymphogate was very low (B).
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Fig. 3. Two-parameler dos plot analvsis showang lvsed whole blood
befors tAy and after sdding RBC (BY Afier adding T-AAD. the
contaminuted RBC could be ciminaied using dute acquisiion from
FLSSC iCy and Ivmphocvics could be identinied from FSC/SSC
deieztor 1D).

To verifv that the 7-AAD solution can be used 1o
measure tbymphocyte sub-populations in samples con-
tainmg RBC. 1en healthy and 1en HIV inflected blood
samples were separaled into three sets. In the first sel.
blood sampies were stained wilh two-coler reagent
iSimuliesiy and RBC were lvsed as standard method.
The second set. cells were stained and RBC were lysed as
the first sel. Afterwards. RBC were re-added in Lo the
twbes. The third set. cells were stained and RBC were
Insed and RBC were re-added. as was carned out in the
second tube and 7-AAD was subsequently added. All
sumples were acquired by lNow cylometer and the
pereenitage of CD3X—. CD4+ and CD8+ Ivmphocyies
v hmphorate was determined. In the second sel. the
purity of Ivmphocvtes in lvmphogate of all samples was
very fower ( > [0%). Lhe percenlages of CD3+, CD4+
and CD8+ lvmphocvies therefore could not be deter-
mined. However, alier adding 7-AAD (in the third set).
the purity of Ilvmphocyies in the lvmphocvie gale
recovered 1o the same level observed in the firsl set
(> 93, As predicted, Lhe percentages of CD3+.
CBa- und CD8- Ivmphocyies were comparable
between the first and third sets, with the correlation
coeffictent of 0.998. 0.997 and 0.991, respectively (Fig.
41 The results demonsirated that the addition of 7-AAD
could be used 1o elimmate RBC in the lymphogale and
hagd no eflect on Lhe determinavon of lymphocyie sub-
populaticns. After adding 7-AAD, the stained cells

could be kept at 4 “C for up o 24 h before MMow
cylomeltric analysis {dala noti showed).

7-AAD solution was then used (or the determination
of CD3+. CD4+ and CD8+ lymphocytes in samples
contamning lysis-resistant red blood cells in routine
laboralory {n=10). Fig. 5 shows flow cviometric
analvsis of 2 blood sampte before and after adding 7-
AAD. Withow 7-AAD. the lymphocyles could not be
gated due 10 the conlamination of RBC (% puritv of
lvmphocytes = 28; Fig. 5A). The percentage ol lvmpho-
cyie sub-populations. therefore. could not be preciselv
oblained [rom this sample. However. alter adding of 7-
AAD. the lvmphocyles couid be gated with 9844 purity
(Fig. 5B) and the percentages of CD3+. CD4+ and
CD8§ —lymphocytes could be obtained (Fig. 5C. D) Cur
resuhis demonstrate that the -AAD can be used {or the
determination of lvmphocvie sub-populalions in the
sample presence of lysis-resisiam RBC.

4. Discussion

The use of CD4+ lvmphocyle measurements has had
a significant impact ¢n the diagnosis. monitoring and
therapeutic control of HIV infection [5-9). lmmuno-
phenotyping using lysed whole blood stained with 1wo-
color monoclonal antibody panels and analyzed by
FCM is the current standard method for determinaiion
of CD4+ Iymphoevies [10.11). By this 1wo-color
immunophenotyping, the lvmphocyle population are
initially identified and gated according 1o their lorward
and side scatter characteristics [}6). The purity of the
lvmphoevies in the gate is validaled by mabs CD45-
FITC and CD14-PE. which separates lvmphocvtes from
granulocyles and monocyies based on the Muorescence
pauemns [I7). Then. CD4+ and CD8+ lvmphocyies tn
lhe lvmphocyte population are deiermined. using mAbs
CD3-FITC/CD4-PE and CD3-FITCHCDS-PE accord-
ing 1o their fluorescent stzining patierns. By this analvsis
strategy. several guidelines addressing quahty contrsl
for enumeration of lvmphocvie sub-populations have
been developed [10-13]. These include the use of
menoclonal antibody panels that comain appropriule
mAb combinations 10 determine CD4- and CD8 -+
lymphocyles. In order (o ensure the quality of Lhe
resulis. CD4+ and CDE+ lvmphocytes must be identi-
fied as being positive for CD3/CD4 and CD3/CDS.
respectively [12]. The isotype maiched control mAbs
have 10 be included lor controlling autofluorescence and
non-specific binding. In addinon. mAbs CD45 and
CDI14 are included to establish and verify light scatler
gating of lymphocyte populations. The punty of Jym-
phocyies in the lymphocyte light scatier gaie i1s impor-
tanl. A significant pumber of non-lymphocyies
presented in the lymphocyle pate can lead lo an
erroneous decrease of CD4+ and CD8+4 lvymphocyte
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Fig 2 Corrclauon of "« CD3—. CD4+ and CDS-+ lvmphocyles obleined from lysed whole blood stzined with 1we-color reagent {Sumuhest)
berwezn wo expenments. witheut ino RBCI and with RBC plus 7-AAD (RBC+ 7-AA D). The cormrelation coclficient. slape and irieccept of cach

campurison are depicted on the op Jelt corner.
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Fiy & Two-parameter dot plon analysis ol lvsed whole blood ‘of an
AIDS paoen sizned with two-color reagent (Simuliesty The scaties-
mg of cells vsng FSCUESC before (A) and aflier 7-AAD adding (B) is
demvnsitated. The CD3—. D4~ and CD§+ ivmphocyles were
wtentitied from CDAFITCATDAPE tC1 and CDA-FITCICDS-PE wbe
(D1 arter the addinon of T-AAD

numbers. The obwained CD4+ and CD§ + lvmphocyie
vilues are, therefere. rejecied il the purity of lympho-
cvies in the fvmphogate in < 90% [10.31]. Roulinety. s
some samples. particularly in A1DS patienis on therapy.
non-hmphocvie conlamination in the lvmphocyte pate
mayv eccur due 1o the presence of lysis-resistant RBC.
The actual value of CD4+ lymphocyte, therefore.
cannol be obtained (rom these samples.

7-AAD [14.15], 2 DNA binding luorescein dye, is
efficiently excited by the 488 nm laser line commonly

used in FCM. Afer excilauon. it yields Nuorescence
emission into the far red spectrum { =650 nm) which
can be detected by FL3. 7-AAD is excluded bv viable
cells but can penetrale ¢ell membranes of dying or dead
cells. As 7-AAD intercalates into double-stranded
nucleic acid. therefore. this reagent is widely used for
dead cell discrimination [14.13]. Ln this article. we have
used 7-AAD 10 discriminate lysis-resistant RBC (rom
WBC in the lymphocvie gale in the measurement of
lymphocyte sub-populations. In our described method.
whole blood was [irstly siained with two—color mono-
clonzl antibody panels and RBC was lysed by lvsing
solution that contain Gxative. Then, 7-AAD was added
inte the stained cell suspension. By the RBC lysing
solution. blood cell membrane was permeabilized and
allowed 7-AAD 10 penetrate. As WBC. bul not flor
RBC. contain nucleic acid, WBC were therefore stained
with 7-AAD. On flow cviometne analvsis, afler excita-
tion with 488 nm. WBC emilted 670 nm that could be
delected by FL3. Thus. WBC could be separated lrom
RBC according 10 their FL3 Nuorescence patiems.

In our experiments. we first verified whether 7-AAD
could be used for the exclusion of RBC coniamination
i the lvmphocyte gate. Bloed samples were separated
inio two lubes and stained with mAbs CD4a3-FITC/
CD14-PE and RBC were lvsed by lvsing solution. The
first tube was carried ow as standard procedure.
whereas in the second wube, RBC was re-filled into the
tube. In the RBC re-filled 1ube. lvmphocyte populations
could nol be identified because of the contamination of
the added RBC. However. alier adding 7-AAD. by
using FL3/SSC, the lymphocyie populations coutd be
distinguished and the FCS/SSC patern of the lympho-
cyte after gating is similar lo those oblained from the
firs1 set. These results indicated that 7-AAD can enter
permeable fixed blood cells and sizined WBC. There-
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fore. WBC could be separated [rem RBC by their
{luorescence emission spectrum.

7-AAD was used in the immunophenotyping of
CD34. CD4+ and CDE+ lymphocyies in bload
samples containing RBC and compared to the same
bloed sample but no RBC contamination. The actual
percentages of CD3+. CD4+ and CO8+ lymphocyles
could be obtained [rom the RBC contaminated samples.
These results imply that 7-AAD can be used to exclude
of contaminaied RBC and has no effect on the
measurement of lymphocvie sub-populations. We have
apphed 7-ADD in 1he routine blood samples containing
ivsis-resistant RBC. which the lymphoceyie sub-popula-
tions were unable 10 be delermined. We demonstirated
here that alter adding 7-AAD. the number of Iympho-
cvie sub-populations ol these blood samples could be
determined. In the same context, C045 mAb conjugated
with peridinin chlerophyll protein (PerCP) have been
reported 10 exclude Jvsis-resistant RBC (rom lympho-
cvie population [11.12.18-20). However, CD45-PerCP
is tnore expensive than 7-AAD. The desenibed technique
m this article is very useful in routine Jaboralory. When
using the standard method for determination of lym-
phocvie sub-populations. in any samples those contain-
ing lysis-resistamt RBC  and  acwal number aof
lymphocyies cannol be delermnined. By the addition of
7-AAD imnte the stained cells. the sample can be re-
analvzed and then the lvmphocvie sub-populations can
be measured.

In conclusion. we have demonstrated here a flow
eviomelnc analysis of lymphocyte sub-populations in
blood samples containing lysis-resistant RBC. This
wechnique is inexpensive and simple in the determination
of lymphoceyie sub-populations of samples that contain
lvsis-resistant RBC and cannot be analyzed with the
existing standard two-color assay.
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Original antigenic sin and apoptosis in the pathogenesis of

dengue hemorrhagic fever

Juthathip Mongkolsapayal*>7, Wanwisa Dejnirattisai>7, Xiac-ning Xun!, Sirijitt Vasanawathana®, Nattaya
Tangthawornchaikul*, Arocnrung Chairunsri®, Siraporn Sawasdivorn®, Thaneeya Duangchinda!, Tao Dong!,
Sarah Rowland-Jones!~, Pa-thai Yenchitsomanus®, Andrew McMichael!, Prida Malasit™* & Gavin Screaton!+?

Dengue virus presents a growing threat to public heaith in the developing world. Four major serotypes of dengue virus have
been characterized, and epidemiciogical evidence shows that dengue fiemorrhagic fever (DHF), the mtore serious
manifestation of the disease, occurs more frequently upon reinfection with a second serotype. We have studied dengue
virus-specific T-cell responses in Thai children. During acute infectien, few dengue-responsive CO8* T cells were
recovered; most of those present showed an activated phenotype and were undergoing programmed cell death. Many
dengue-specific T cells were of low affinity for the infecting virus and showed higher affinity for other, probably previously
encountered strains. Profound T-cell activation and death may contribute to the systemic disturbances leading ta OHF,
and original antigenic sin in the T-cell responses may suppress or delay viral elimination, leading to higher viral lcads and

increased immunopathology.

Dengue is an arthropod-bome flavivirus that can be subdivided
into four major serotypes (Dea-1, Den-2, Den-3 and Den-4).
Symptoms begin 5~7 d after a bite' from an infected mosquito.
Patients develop a high fever for 2-7 d, which corresponds to 2
period of bigh viremia'. When the ever remits on the defervescent
day, defined as day 0, patients can get worse and in severe cases can
develop shock, After defervescence the viral load falls to unde-
sectabile [evels by 48 b, at which time the patient will generally begin
to improve, The majority of infections are asymptomatic or cause 2
self- limiting febrile illness known as dengue fever. The more severe
form of dengue infection, DHEF, is characterized by high fever, hem-
orrhagic phenomena and plastna leakage, and may be life threaten-
ing. DHF is classified into four grades, the more severe of which
(grades [1I and [V) are associated with dengue shock syndramel,
There ate hundreds of thousands of cases of DHF each year, and
without appropriate treatment mortality can be over 20%. With
haspitalizaton and supportive care, mainly careful fluid manage-
ment, this can be reduced below 1%.

The pathogenesis of DHF is not well characierized, but key epidems-
ologicat studies indicate that it often occurs when 2 dengue-immune
person becomes secondarily infected with a virus of a different
serotype™, although severe disease on primary infecton has been
reported, partictlarly in neonates’. Halstead proposed 2 model of
antibody-dependent enbancement whereby, upan secondary infec-
tion, pre-exdsting non-neutraliring antibodies may apsonize the virus

and enhance its uptake and replication in macrophages. This has besn
shown to lead to higher viral [oads both in virre and in 2n i viva pri-
mate model®?, As was pointed out by the zuthor of the in vivo study,
kowever, zn important chaflenge is to establish a connection between
an infection of mononudear ceils and pathophysiologic changes®,

To this end, others have suggested that the disease may be caused by
T-cell acdvadion; the levels of several cytokines such as tumor necrosis
factor-at, a5 well as the magnitude of T-czll responses, have been cor-
related with discase severity®?, So far, anly a few peptide epitapes have
been isolated for CD8* cytotoxdc T lymphocytes (CTLs). The latter
have often been from Western volunteers who do not possess the
comman Asian buman leukocyte antigen (HLA) types. To date, no
welldefined epitopes have been defined for HLA-A*1], which is
found in around 30% of the population in southeast Asiz, ot for the
other common Asian HLA aileles A=24 (20%) or A*33 (15%)1%. The
tack of understanding of such epitopes bas meant that dengue
virus—spedfic CD8* T-celt responses have not been studied over the
tirne course of acute dengue.

RESULTS

identification of 2 new HLA-A*11—restricted T-cell epitope
Because of the relatively small voleme of blood samples available
from acutely infected children, we decided t© search for dengue CTL
epitepes in healthy Thai adults, the majority of whom have been
infected with dengue on one or more occasions. Previous studies have
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suggested that the envelope and NS3 proteins
are frequent targets of immune responses in

1]

Bavivirus infections, induding dengue!™'Z.
Peripheral bloed mononader cells
{PBMCs) from 20 healthy donors were
saeened with a2 panel of 210 overlapping
peptides { 15-mers overlapping by ten amino
zdds) spanning the envelope and N$3 pro-
teins of dengue serotype 2 strain 16681, Pools
of peptides were sareened against PBMCs
using an interferon (IFN)-y Elispot assay. We
found a T-cell response to peptide FSPGTS-
GSPIIDKXG (FSP), which covers N33
residues 130~144, in twa of the donors. Using
a set of tuncated peptides. the highest
responses were found to the 11-mer peptide
GTSGSPIDEX (11GTS), although there
were also responses to the 10-mer pepide
GTSGSPIIDK (10GTS), truncated by one
aming add at the C terminus [Table 1a),
Baoth of the donors expressed HLA-A®{| and the cpitope conformed
to the All consensus, which predicts peptides wich 1 pasidvely
charged C-terminal anchor. frequently lysine. that are 10 or 11
restdues in length. An FSP-specific CTL line was generated from one
of the donots by stimulation with the FSP 15-mer peptide This line
wis used to confirm the HLA restriction {Fig. ta).

% "'Cr spaciic refeire

D3.1/D4.1{@)).

Variants of the HLA-A" 1 1—restricted GTS epitope

In general there is 2 30—40% difference in amino add sequences
between dengue serotypes, so we searched for variants of the GTS epi-
tope among the published dengue NS3 sequences. Six variants were
identified: three from Den-2 (D22, D23 and D2.4} and onic ¢ach from
the other serotypes (D1.1, D3.1 and D4, 1; Table 1b). All of these vari-
ants were synthesized 25 10- and 11-mers and tested on the FSP-spe-
afic T-cell line that had been generated by simuladon with the D2.1
epwtope (Fig. 1b,c). All variants, apart from D2.4, stimulated T-cell
responses at high concentrations, but there were marked differences in
the dtration curves, where the lower concentrations of peptide were
probably more representative of the concentrations achieved in vivo.
D2.4, which did not stimulate the ¢l line, has a relatively conservative
alanine substtution at position 8. D1.1, D2.3 and D3.1 worked better
as 10-mers than 11-mers {extra C-terminal amine acid), suggesting
they were using the arginine at position 10 as the C-terminal anchor.

Different patterns of response during acute infection
Next, we studied responses in hospitalized children suffering an acute
or current dengue virus infection. Samples were collected during the

- acuze hospitalization phase and at the 2-week and 2-month follow-

ups. Acute dengue infection was diagnosed by detection of the dengue
viral genome from acute sera by RT-PCR or serotogical testing!>!8,
All but 2 of 73 patients were shown by serology to be suffering a sec-
ondary or sequential infection. The 19 patents expressing HLA-A*11
were included in this study; all had secondary infections, and 12 were
infected with Den-1, 6 had Den-2 and 1 had Den-3 {Table 1¢). The
disease severity was dassified according to World Health
Organization guidelines!?.

PBMCs were screened with all dengue varianc epitopes by iFN-v
Hispot assays. Unexpectedly, we found low or absent Elispot responses
in sampies taken during acute hospital adrmussion. in contrast, all the
follow-up samiples taken at 2 weeks and 2 months gave responses {Fig.
2a,b and Supplementary Fig. | ooline}. A similar pattern is secn in

X VC specils reloase
i
% M'Gr speciic 1slaase

- - - - -

Peptide convcentranon (log mokar Papids concantraion (kg matan

Figure 1 Defining a new HLA-A" | L—estricted T-ceil epitope. {a) HLA-A" L LOL restnction af the
GTSGSPHDKK-specific responsa shown by a 4-1 chromium-iease assay using a GTS-specific CTL,
line from gonor 1 (effectartarget ratio = 10:1). Targets were an EBV-transformed autologous B<et)
line (BCL), wild-type 221 cails and HLA-A* 110 -2xoresang (221 cells pulsed with GTSGSPNOKK
{D2.1: B} or no peptide (X), {b.c) Tha FSP-specific CTL line was cocultured wath a 3/ Crtapeied Bcell
line {E/T ratio = 2G:1) pylsed with 11-mers (&: DL.1{ ). D2.1 (@), D2.2(2), 02,3{a). 02.4¢( )
D3.1 i®) and Da.1(+)) ana 10-mers (c; D1.1 ( ), D2.1 (), D2.2(2), 02.3 (). 02,3 (" Yo

hepatits C virus infeetion: antigen-specific T cells, aithough refadvely
prevalent, do not produce IFN-y during an acute infection and the
response rerurns 10 weeks later, after viral dearanca'?, Simudarly, and-
gen-specific CD8* T cells in mice exposed to lymphocytic cheonio-
meningits virus (LCMV) proliferaze mapidly at first and produce
TFN-Y, but the cells tatar become *smunned’ and cease produdng IFN-v.
Production of this cytokine is eventually regained, however!0,

The magnitude, timing, pattern of response and peptide titraton
curves to the variant peptides varied between padents. These results
suggest that there is some cross-reactivity between the different epi-
topes but that the cross-reactivity is only partial To gain further
insight into this cross-reactivity, we did peptide ttrations of frash =
vivo PBMCs with the variant peptides. As expected, there were differ-
ences in the peptide tiration curves, suggesting differences in func-
tonal avidity in dengue-spedfic T cells (Fig. 2¢.d and Supplementary
Fig. 2 online}.

Using MHC class | tetramers to study the acute response

To study dengue-specific responses in more detail, we made class |
major histocompathbility complex (MHC) peptide tetrameric com-
plexes containing the following dengue variant peptide sequences:
D2.2 10-mer, D11 11-mer and D3.1 10-mer (10-mers derived from
D3.1 and D4.1 sequences are the same). FACS analysis showed that ail
tetramers stained the FSP CTL line {data not shown}, Based on this
and the Elispot results, the [3.1 10-mer was selected for further srud-
ies. Its specificity was confirmed by staining PBMCs taken from indi-
viduals that were HLA-A*]ll-positive and dengue-immune.
HLA-A*1i—positive and dengue-nonimmune, or HLA-A* L1-negative
and dengue-immune {Fig. 3a)

Acute and follow-up PBMCs from dengue-infected patients were
then stained with the tetramers. The average of the relative frequencies
of GTS-specific CD8* T cells is shown in Figure 3b. The responses
peaked at 2 weeks and mirtored the results of the IFN-yf Elispot assay.
Uniike the Elispot results, however, almost all of the padents had low
bur detectable levels (0.02-2.5%) of GTS-specific CD8* T cells during
the acute phase, When we compared disease severity to the magnirude
of the GTS-specific CD8* T-cell response at 14 d, we found that
dengue-infected patients had higher croulating GTS-specific CD8* T
cells than normal dengue-immune individuals (Fig. 3c). The three
patients with dengue shock syndrome (DHF grade [II) ail had peak
responses greater than 2% {mean + s.d. was 426 £ 2.03; n = 3) com-
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pared with patients with DHF grades { or I
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Table 1 Dengue NS3 peptides and patient details

{meanxsd was0.84 £ 082, n= L1},
During the aqute phase, the GTS-specific T
cells showed an activated effector phenotype,

a
Peptide sequence

SFCs per mellion PBMCS

with almost ail of them expressing CD4SRQ, FIPGTSGSFIOKKG 92
CD27. CD38 and HLA-DR, but not CCR7  STSGSPID 12
{Supplementary Fig. 3 ounline). They also TSGSPHOK ¢
stained with Ki§7, indicacing that the cells were GTSGSPIDKK 148 .
proliferating. As expected, the actvation TSGSPUDKK 4
markers were reduced in the follow-up PGTHGSPHDK g
samples, which also showed a reducdon in GTSGSPIOK 84
CD23 and some re-expression of CD45RA
{Supplementary Fig. 3 online}. Varant Cengue serotype Sequenca Humber of sequences foung?
]
Massive a_ipoptosis in dengug T celis _ 02.1 5 CTSGSPHOKK z:‘,;;m
We were interested 1o determine why, in the
. R . 02.2 2 GTSGSPIVORK &6/3%

carly stages of the illness, the frequendes of 02.3 5 CTSCSPIVDRK 139
antigen-specific T cells were so low in contrast = '
to other virus infections such zs HIV or 02.4 2 GTSGSPIADKK 1739
Epstein-Barr virus™!. Three possibilities exise  O1-1 1 GTSGSPIVNRE 5/5
the cells may not have had time to proliferate  ©3.1 3 GYSGSPIINRE bard
fully, they may have been sequestered in 0O4.1 4 GTSGSPIINRK 2r2
ir;pl;::.l mu;rﬁt?ih:;d ;m olr ::I ?‘anent Dizgnosis Serology sD;r;g'uee HLA cfass | type
PBMCs raken from cight patients were stained e A 8 ¢
atth;uA'amer EDUO‘V;E:“EYDT"I:.T x{:mm:f:f KOS Dengue fever (DF) Secondary Qen-1 1133 44458 7
don’m“jgmofmmrcmm Kla oF Secondary gen-1 11724 13740 Tl
TUNEL-positive (Fig. 4b). In contrast, fewer <17 OF Secondary Den-1 Loz 46 11
thap 20% of tetramer-negative CD8* T cells K21 DF Secondary Cen-1 1130 15735 aja
were apoptotic. In the follow-up samples, a K237 OF Secandary Oen-1 1102 15/55 778
minodty of CD8* T calls, both tetramer-posi-  KOL DHF grade | Secondary Den-1 tis29 mna 7115
tve znd Teramer-negative, were positive for K19 DHF grade ¢ Secondary Den-2 1102 13115 a8
TUNEL suining. Costaining experiments K203 DHF grade § Secondary Den-1 1124 27140 7115
showed that the GTS-specific T cells cxpressed k221 DHF grage | Secondary Den-1 11402 27740 37
littte or no tumor necrosis factor receptor-1, K39 DHF grade | Secondary Den.2 1102 40/20 317
death receptor-4 or death receptor-5 (data not ko OHF grade I Secondary Den-2 11124 2751 34
shown). However, most of the GTS-specific T 55, DHE grade M Secondary Den-1 11724 15146 178
r:‘ujlfmdm‘z‘ai;d;om?;zgigﬁ K206  DHF grage (I Sacondary Den-1 11/68 27140 88
(Fig. 4c). itis maﬂy difficult to detect circu- X213 DHF grade Il Secondary Den-2 1124 27§40 315
lating spoptotic cells, as they are very rapidly 214 DHF grade I Secondary Dea-3 1124 46/5] 114
removed from the circulation, It is possible K234  OMF grade i Secondary Deq-1 1124 35/46 14
that there is a deficiency in the dearance of K10 DHF grade i} Secendary Den-2 11/2 15715 g8
apaptotic cells in acute dengue virus infecion. K22 DHF grade It Secondary Den-1 1172 27145 112

The very high pereentage of apoptotic cells K27 DOHF grade It Secondary Den-2 112 168/46 17

detected here. combined with the expression
of the proliferation marker Kié7 by 75-100%
of cells {Fig. 4c and Supplementary Fig. 3

&5 found in G

(a} Truncated Oen-2 peplides wese used to defing the optimum peptide, SFCS, spot-forming cells, (h) The
sequence of 02.1 was used 1o search (of varianl dengue sequences published in GenBank. *Mumber of
Bank, Total number of GenB

type. (€ 5

published N53 & for £ach dengue

[y

online), suggests that there is huge prolifera- y of d
don balanced by massive apoptosis in the

acute setting, Apaptosis is reduced upon viral dearance, alfowing a
rebound in CTL numbers at 2 weeks, which reduces by 2 months as
memory is estzblished.

T-cell griginal antigenic sin during secondary infecticn

To search for serotype-specific and serotype—crass-reactive responses,
we stained samples with pairs of variant tetramers (Fig. 5a and
Supplementary Fig, 4 online) Although this double staining assay is
more 3 measure of refative avidity than of absolute specficity, it
ciearly shows the existence of muitiple dengue-specific T-cell popula-

d patients.

tions in a single individual. The 10GTS-D3.1 tetramer was the most
Toss-reactive, confirming the Elispot data. Staining with either the
Di.} or D22 retramers showed the existence of duzl populations with
high and law staining,

Pardcularly relevant is the finding that in secondary infection with
Den-}, many of the T cells showed a preference for Den-3 teramers,
and in Den-2 infection, many of the cells reacted better with the Den-
1 and Den-3 tetramers, The measurable tesramer response was low in
the early acute samples and increased in the lates samples, so these cells
had dearly been stimulated to proliferate by the curreniy infecing
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figure 2 T-cell responses in dengue-infected patients. (a,b} PBMCs taken from dengue-infected patients K22 {a. Den-1 infection} ang K10 (b, Cen-2
wnfection) were stimulated with seven variant 11GTS epitope peptides (D2.1, D2.2, 02.3, D2.4, D1.1, D3.1 ana D4.1). Sarmples were taken 3t the indicared
ume points. {c.d) PAMCS Gken from dengue-infected patients K237 (¢, Cen-1 mfaction) and K27 (d, Den-2 infeclion) werg stimulated with the ingicatea
concentraticns of vanant 1 1GTS epitoce peptides D1.1 { ), D2.1 (@), DZ.2 (3}, 02.3 {4), D3.1 (@} and 04.] (+]. Respcrses were measused as spat-

forming cells (SFCs} per mullion PBMCs by IFN-y Elispet assay.

virus. In other words, a single virus can surnulate the proiiferaton
from memory of a spectrum of clones with different afinities and
qoss-reactivities. The finding that secondary infection with a virus
arrying a similar but distinct epitope can stimulate the proliferadion
{ of cross-reacting, low-affinity clones is consistent with the phenome-
“non of original antigenic sin. We belicve this is the first direct deman-
stration of this phenomenon in T cells for a human pathogen.
It would be interesting to know which viruses were responsible for
the infections preceding the acute infecion emmined in this stady.
| Unfortunatety, the current methods to define this are not opdmal and
in many cases it is impossibe 10 exrract more information, above using
PCR o identify the aurently infecing vinus and using serology wo
| establish thar the infection s secondary. Original antigenic sin has
| been reported for dengue antibody responses, and aoss-ceactivity in
' virus neutralization tests can sometimes allow deconvelution of a per-
| son’s previous dengue exposure™. In an attempt to gain more infoc-
l mation, we did virus serotype acutralization assays in which patent
serum is used to inhibit infection by the four dengue serotypes of a
monolayer on an LLC-MK2 cell line. The results of this analysis must
be interpreted with caution, but they indicate that the patient with
Den-1 infection (Fig. 5a and Supplementary Table 1 online) may have
been exposed 1o at least Den-3, and the patient with Den-2 infection
may have been exposed to Den- 1, Den-3 or both.

|
HLAA™ Yepoonatron HLA-A" 1 1= rngaipes
Durcpap—inria (P20 T T T
x-;.
TR
K]
- - A

Finally, to further show differences ‘n soructural avidiry between
dengue-spedfic T cells, we performed :ezramer dissodadon assavs. [n
these assays, cells were ipcubated with saturating concentrations of
phycoerythrin-tabeled variant tetramers ag 4 *C The cells were then
wiashed and incubated with an excess af unlabeled temamer, and the
rate of tetramer dissociation was assaved by Auorescence-actvated call
sorng (FACS). Three representative cxamples of CTL lines are shown
in Figure 5b. The assays show a specorum of responses ranging from
almost complers cross-reactvity to much lower coss-reactvity. The
Den-2 1esramer dissociated faster than the Den-12nd Den-3 teoramers
from cells detived (and doned in the absenee of peptide stimuladon)
from a patient with a current Den-2 infection. Scatchard analysis con-
firmed this finding, 2s the Den-2 tetramer showed a K of 10.6 uM,
whereas Den-1 2nd Den-3 had Ky values of 1.6 and 1.2 p, respec-
tively (data pot shown).

DISCUSSION

Dengue virus infections are now one of the biggest threats to public
heaith in a number of developing countries. Over 1.5 billion people are
at risk, and there are up to 50 million people infecied per year.
Epidemics are common in southeast Asia, South America and the
westeen Padific?, In addition to the morality and morbidiry associated
with infecdon, dengue also imposes 2 considerabile burden on the

b c
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Figure 3 Analysis of responses using an HLA-A* 11 letramer. {2} Specificity of the GTS A1) tetramer. PEBMCs were doutie-stained with phycoerythiin.
conjugated GTS Al tatramer (Tet-PE} and FITC-conjugated manoclonal antibody to CD8 (CDB-FITC). PBMCs were obtzined from an HLA-
A*11-positive, Jengue-immune individual {left), an HLA-A* 1 1-positive, dengue-nonimmune individisal {eenter) or an =LA-A" 1 ] -negative, dengue-
immune individual (nght). {b) Mean frequency of GTS-specitic COB* T catls during the course of acute dengue infechion ang follow-up. (c) Frequency of
dengue GTS-specific CDB* T cells at 14 d, irom patients with diffecent severities of disease {(dengue lever (DF), ORF graces | and |1, and DHF grade 111}
tompared with the frequencies in 15 narmat heaithy individuals (mean = s.d. of 1.18 £ 0.19 in patients versus 0.12 = 2.1 n healthy individuals:

Fisher's exact test Pvaiue = 0.0014).
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§ Figure 4 Programmed ceil death n dengue-soectfic CD8* T caiis. (a) TUNEL staiming of PBMCS aunng
2 acute phase {left) anq convalescenca (right; patient K10} Shown are percentages of TUNEL -pasitive
’9: ceils in teramer-positive of tetramer-negative COB* T calls. Tat-PE, phycoerythnn-conjusgated teiramar.
2 {b! TUNEL staming during the coursa of infection {patient K22), measured on days -1 {®). O (M}, -}
Z {3} ang +15 (M), (¢! Intraceilular Bct-2 {left), Fas (center) and Kib7 (right) expression in dengue 57 5-
=) seecific T cells (patient K22),
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finances and infrastructure of the health-care systemns in these coun-
wies. Because of the scale of the problem, there is currendy much
interest in the generadon of a dengue vaceine. These efforts have been
hampered by two major factors: first, the lack of an animal modd for
severe dengue infection, and second, the epidemiological evidence for
secondary infection in severe dengue. A better understanding of the
pathogencsis of DHF would enhance our ability to develop safe vac-
anes, a0d would also expedite clinical wrials by reducing their per-
ceived risks.

In this stady, we carried out a detiled analysis of a CTL response
during zcute dengue, and our results suggest an imrnunopathogenic
role for T cells in DHE Up to 7% of drouladng CD8* T cells renct with
the Al l-restricted GTS epitope. and there is an assodation between the
magnitude of the T-cell response and disease. The three padents with
dengue shock syndrome (DHF grade [0} all had peak responses of
greater than 2% compared with 1 of 1i
patients with DHF grades [ and [1, and L of 5
patients with dengue fever (Fisher’s exact P
value of 0.01 for dengue shock syndrorme ves- I
sus dengue fever and DHF grades [ and II). :

a

mal models Much of this work has been donc in the mouse LOMYV
model. LOWV is 2 noncytopathic virus, but when an infection leads to
a high antigen load combined with a large CTL response. imroune
damage to infected tissues can ensue™. There are 3 number of fzctors
that can modify disease in this model, induding viral doss and strain.
previous infecton, site of immunization or inoqulaton. age of the
mice and presence of drculating antibodies™!.

Original antigenic sin was frst shown for antbody responses, and
implies that the respanse to a secandary challenge is dorrinated by the
proliferaton of cross-reacting memory cells induced by the primary
infection, which may be of lower affinity for the secondary chalienging
antigen®. In this report we chose to use the term ‘original antgenic
sin’ to denote the resurrectdon from memory of 3 response, without
prejudice 25 to whether this will be 1o the bencfit or the detriment of
the host Antigenic sin has the advantage that it can lead to the rapid

These results are in agreement with a recent Den-f infecion | %
teport showing a correlation between disease 3
severity and T-cell responses to an HLA- %
B*07-restricred NS3 epitope?, "
A number of investigators have studied the g
potendal for T cells to cause damage in 2ni-
Cen-2 Infection

Figure 5 Dilferential avidgities of T cenls for
dengue serotypes, {a) Doutle (elramer staining of
Intag paws of tetramers (D1.1/D2.2, D1.1/03.1
ang D2.2/03.1) used to stain PBMCs from
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patients with acote Den-1 {K22) and Den-2
nfection {K 10). Plots represent doubile tetramer
staining gated on CO8* T cells. Percentage of
cells 1s mdicated in the three tetramer-positive
quadrants, (b) Disspciation kinetics of the
interaciion between A1101-GTS 01.1 {@), D2.2
{Tyor 03.1 () terramers with 3 GTS-specific
CTL line darved from heaithy danors 20 {left)
and 12 {right} and 3 dengue-specific CTL line
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from patient K212 (center; Den-2 infection)
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mobilization of 2 memory response, which in many instances may be
advaatageous. Memory cells have 2 much lower threshold for activa-
tion compared with naive cells?%, however, so there is a risk that clanes
activated by original antigenic sin may bave lower affinity and be less
effective at dearing the secondary chatlenge?, and indeed may pro-
mote immunopathology.

Recendy, original antigenic sin has been shown to occur in T calls
upan infecdon of mice with refated strains of LMV, [n these exper-
iments, reinfecrion with certain viral straing recalled the less~effective
prisary response to the dewriment of a de novg response to secondary
antigen, leading to impaired viral dearance™. In addition, infection
with heterologous virus may recall 2 memory response to a different
primary virus challenge. This may also alter immunopathology such as
the far necrosis, necrotizing bronchiolits and bronchiolitis obliterans
seen in LCMV.immune mice upon infection with vaccinia virus,
although in this instance heterclogous immunity enhanced viral con-
woli™, [n dengue there it also the possibility of cross-reaction with
other flaviviruses, as dengue cocircutates with Japanese encephalitis
virus in southeast Asia and yellow fever virus in South America

In dengue virus infection, there is 2 correlation between viral load
and disease severity!, and the high viral load has been artributed to
antibody-dependent enhancement®”. In this study, we saw expansion
of T cells with relacively lower affinity for the currendy infecting virus
and higher affinity far serotypes presumed 10 be previously encoun-
tered. This skewing of the response could result from the detrimental
effects of original antigenic sin. An alternative explanation would be
that the high antigenic load associated with a second dengne infecrion,
when immune exhancement ocarrs, may preferentally drive high-
affinity T calls into apoptosis, which would inerease the fequency of
lower-affiniry cells.

Dengue can also infecr macrophages and dendride cells, where it
an profiferate and activate the dendsitic cails®! 2. The effects of anti-
body-dependent enhancement leading to high viral loads, together
with enhanced antigen presentzton, result in extensive T-cell activa-
don Acutely, the CTLs are stunned with low [FN-y expression aad, for
the reasons described above, a relatively high proportion of the act-
vated dones may be of lower affinity and may not be very effective at
diearing virus, especially in the absence of IFN-y 3%, yet they may
contribute to damage. A dynamic equiibriurm is established between
T-cell activadon and proliferation and cell death. The aciveton and
death of these cells leads o cytoldpe release and immune-mediated
tssue damage, which bas been shawn to acour by provoking massive
activaton-induced cefl death of CD4* and CD8™ T cells in several
mouse models?,

In this study we have identified and studied a CTL response
restricted by one of the major southeast Asian MHC dass { subtypes.
Larger studies will identify mere CD8 epitopes, and it is reasonable to
expeat that some of these will be serotype-specific, If we can identify
encugh of these, it may be possible to incorporate them into 2 dengue
vaccine that would impcove safery by avoiding potential antibody
enhancement or cross-reactivicy in T-cell responses.

METHODS

Samples. Biood samples were taken after patient consent and approval from the
ethical committes of Khonkaen hospital, Thailend, and normat healthy sub-
jecs from Banghkok. Acute dengue infection was identified by RT-PCR-based
dengue gens identification or dengue-specific 1gM caprure ELISA and hemag-
glutdnation inhibition st agains all four dengue serotypes’™"7. Secondary
dengue infection (an acute infection in 2 patient who had previously encoun-
tered dengue on one or mare occasions) was defined 15 1 dengue-specific
IgM/(gG rano < 1.8, by igM and 1gG capture ELISA, or 2 24-fold nse in homag-
glounaton irhibitton intibody titer against any dengue serolype in paired

acte and convalescent serat™'?, Plaque-reduction neutralimtion tesrs were
done 23 previously described?. Percent reduction of plaques waa plotted
tgainst serum dilutions. The dilution giving 50% plague reducton was
reported 2 the neutraliring tter,

Disease severiry was classified according to World Health Organizition crite-
ria'7. Day of defervescence waa defined as day O, the day before defervescence 13
day -1, the day after defervescence as day +1, and 50 {orth,

PBMCs were isolated from whole blaod by Ficoll-Hypaque density gradient
centrifugation and cryopreserved unal tested HLA typing was performed by
sequence-specific primer PCRM,

FACS snaiysis, PBMCs were stzined with phycoerythrin-labeled tetramer 1
37*C for 20 roén and then for surface markers a1 4 *C for 26 min by sddicon of
1 pand of conjugawed andabodies. CCR7? staining was indirect, For intacellular
saining, terramer-stained calls were fixed and permeabilized in FACS perme.
abilization buffee {BD Pharmingen}. Apoptasis was assessed using the TUNEL
151y acconding 1o the manufacturer's prowco! (Roche).

Elispot assay and T-cell culture, Bricfly, PBMCs were added to potyvinylidene
diffuoride-tacked plates (Millipore) precoated with 2 monodonal andbody to |
[EN-1{1-DTK; MABTECH). Peptides were then added at 2 (inal conceneraden
of 10 pM and the PBMCs were culrured overrught. Calls were disearded and
spatt were revealed by incubaton with biodnylaeed monoclonal antibody w
IFN-y (MABTECH) foliowed by strepravidin.conjugated alkaline phesph
and mbsrate The spots were counted using an AID-Elispot Reader
{Autotrunyun Diagnostika). The number of specific T-cell responders was cal.
culaced after subtracting negative conmol values, .

To generate the T-cell line, PEMCs were incubated with 100 WM of peptide
for © h, afear which [L-7 {Peprotech) was added at 25 ng/ml. After 3 d. -2 was
added at 50 U/l Cells were tested for funcrion after 1 week and restimulared
every 1 weeks using antologous Bpstein-Barr viros—transformed Bcell lines
pulsed with peptide a3 targets. Chromium-release 2533y were done and specific
SCr rejease was calculaved as [(aperimental release - sponaneous release) +
{marimuom release — spaptaneous reicase)] x 190,

MHC tctrameric womplexes. Tetramers were prepared a5 previoasly
described™. Briefly, the extraceliutar domain of HLA-A*1101 (heavy chain}
contzining the BirA bioditylation enzyme recognition site at the C terminus
and f2-microglobulin was exprested in £ oli as inclusion bodies, Monomeric
cornpleses of peptide, heavy chain and B2-micoglobubin (referred o here o3
‘'monomery’) were formed by refolding im vitro and then biodnylaced using
BirA {Avidity). Monomers were purified by fast-performance liquid chro-
matography, and teramers were formed by mixing biodnylated monomer with
Buorochrome-conjugated sueptavidin at a 4:1 molar ratio. The cetramer disso.
clation assry was dene as previously described’?, Dengue-specific CTL lines
were stained for 30 min 2t 4 °C with samurzting concenwratons of phycoery-
thrin-labeled tecramer, CTL lines were then washed three times and an afiquot
of cells was removed for FACS analysis. The remaining PBMCs were incubated
with 1 t00-fold excess of unlabeled tetramer at 4 °C to block the binding znd
rebinding of phycoerythrin-labeled tetramer. Further dliquots of cells were
removed and inalyzed by FACS a1 approprizic ime points. The vl Nuorss-
cence within the phycoerythrin-posisive gate was plonied against ume 10 give
the dissociation curve. The total fluorescence is the sum of the fluorescence
intensity of tetramer-positve calls normalizad per lymphacyte, This was then
normulized 1o the percentage of the towt fluorescence at the iniual time point
and plotted on a logarithmic scale.

Scatchard analysis. The assay to extimare the apparent K vajues for the interac-
lion between tetramer and pepiide-specific CTL lines was done 1 previously
described ™. Dengue-specific CTL lines were suined for 3 h ar ambient tem-
perature (22 *C) with 4 range of subsaqurating corcentratians of phycoery.
thrin-fabeled tetramer. CTL ines were then washed three imes and analyzed by
FACS. Tetramer conceneration {(LM) was plotted 1gainst bound eoamer (total
fluorescence). In addition, Scatchard plots of bound teramer (towad Neores-
cenee) versus bound tetramerfiree tetramer (fluorescence unizs per JUM) were
plotted. Apparent X values were derived from the negitve reciprocat of the
slope of the line fit to Scarchard plots of bound tewramer versus bound
wetramerffree tetramer,
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Monoclona) antibodies against dengue NS| protein were generaied following immunization of mice with plasmid DNA encoding
eiansmembrane form of NSI from dengue serotype 2 virus. A mammalian expression vector, pDisplay, was engineered to direct
& surface expression of dengue NSI and tested for wansient expression in COS celis. Two mice were immunized intramuscularly
i six doses of L00 pg of plasmid at 2-week intervals; one mouse received a booster of live virus prior to the last plasmid injection.
Wil mice showed antibody responses against dengue antigens in dol enzyme immunoassay. Following fusion, hybridomas were
mened with dot enzyme immunoassay against all four dengue serotypes. Specificity 1o the NS1 protein was confirmed by western
Wianalysis. Among five anti-deague NS1 monoclonal antibodies generated, two clones were serotype 2 specific, o clones reacted
i )] four serotvpes and the last aiso reacted with Japanese encephalitis virus. Reaclivily against native or denatured forms of
il revealed three clones with reactivity to linear epitopes and two clones recognizing conformational epitopes, Such diverse

Wosting. is an efficient way of producing monoclonal antibodies against viral protein, This has opened up a possibility of producing
soioclonal antibodies 16 rare viral proteins that are difficult to isolate or purify.

Giords: NS1 protein: DNA immunizalion: Monaclonal antibody: Dengue virus

| Introduction

‘Dengue virus contains a positive polarity, single-
fnded RNA genome of approximately 11 kb in
Meth. A single polyprotein was co-translationally
gcessed by viral and cellular proteases into three
Mictural proteins: capsid, prM, and envelope (E), and

e, NS4b and NS5 (Chang, 1997). Existing mono-
nal antibodies againsi the dengue proteins available

.m:spouding author. Telfax: +66-2418-4793.
Banaif address: sipmlig mihidol ac.th (P. Malasi().

101 6/S0166-0934(0 310004 5-4

worldwide are mainly those directed against E, NS1 and
prM proteins. These clones were obtained by immuniza-
tion with either dengue virus or dengue recombinant
proteins (Falconar and Young, 1991; Gentry et al,
1982; Henchal et al.. 1987; Kaufman et al., 1989, 1987;
Pupo_Antunez e1 al.. 2001; Roehrig et al., 1998).
Antibodies against other dengue proteins are rare,
partly due (o the difficulties in preparing adequate
quantity of antigens for immunization.

Bruring the 1990s, in vivp expression of genes encod-
ing exogenous proteins in mice and its efficiency in
inducing specific antibody responses following naked
DNA injection were reported (Tang et al.. 1992; Wolff
el al.. 1990). As an aliernative approuch 1o the generua-

-.343(}3.55 - se¢ [ront matter ¢ 1 2003 Elsevier Science B.V. All rights reserved,



fhitton, 1996; Whitton et al., 1999). When compared
convenliona! vaccines, DNA vaccine is safer {from
Mlitking a replicative agent}, relatively cheap to produce,
lisat stable. amenable to genetic manipulation and
wpable of inducing long-term cellular immunity (Gur-
mathan et al.. 2000). In faviviruses, DNA vaccines

thallenge.

Besides wvaccine application, DNA immunization
| '_teg_\' can be another efficient method for the purpose
o production of polyclonal and monoclonal antibodies
arry et al., 1994; Kasinrerk and Tokrasinwit, 199%:
Kasinrerk et al.. 1997, 1996: Moonsom et al.. 200i:
Jivieri et al., 1996). In the present study. we attempted
I use DNA immunization for the generation of
inocional antibodies against a dengue non-structural
potein and we demonstrated that plasmid DNA con-

L
|

Mining gene encoding dengue viral NSI protein could be

dion using viral or purified antigens.

|

|§. Materials and methods
|

@1 Cell lines and liybridonias

" COS seven cells were maintained in Minimum Essen-

@l Medium (MEM: Gibco-BRL. Grand island. NY)

Wpplemented with 10% fetal bovine serum (FBS)

{Gibco-BRL) and 40 pg/mi gentamicin and 2.5 pg/mi

Ehotericin B in a2 humidilied aimosphere of 5% CO,
3

7 -C. PS clone D cells were maintained in L-15
itdia (Gibco-BRL) containing 10% FBS. 10% tryptose
losphate broth (Gibco-BRL) and 1.2% streptomycin
4d penicillin antibiotics (Sigma, Si.Louis, MO, USA)
137 C. C6/36 cells were maintained in the same media

S content in L-15 media was reduced 1o 1%.
ybridoma clones 1 B2 (specific for dengue NSI), 4G2

nd 3HS5 (specific for dengue E) and 2H2 (specific for

gngue prM) were grown in RPMI 1640 media (Gibco-

C. Puirittnons et ol F ol of Vieofogicel Methods 109 (2003) 55-61

BRL) containing 10% FBS and 1.2% streptomycin and
penicillin antibiotics (Sigma) a1 37 “C in 5% CO,.

2.2, Viruses

Dengue viruses serotype | (strain Hawaii), serotype 2
(strain 16681), serotype 3 (strain H87) and serotype 4
(strain H241) were propagated in C6/36 mosquito cell
line. Culture supernatant containing dengue virions as
well as secreted NSI protein was harvested 4-3 days
afier infection. lapanese encephalitis virus (strain Na-
kayama) was obtained from Dr Ananda WNisalak.
Armed Forces Research Institute of Medical Sciences,
Bangkok, Thailard and propagated in C6/36 cells.

2.3. Consiruction of recombinant plasniid

A 1056-bp NSI1 gene segment was obtained by
BamHI1/Sall double digestion from a pMal/NS! plas-
mid. which has been constructed from reverse tran-
scriptase—polymerase chain reaction preduct of dengue
type Lwo virus NGC strain (S. Pattanakitsakul, unpub-
lished data). ligated into the Bg/ll/Su/l site of a
mammalian expression vecter pDisplay (Invitrogen,
Carlsbad, CA) and transformed into DH3xF". Selection
of E celi colonies containing the recombinant plasmid,
pDisplay/sNS1tm, was performed by colony polymerase
chain reaction and restriction enzyme digestion. The
pDisplay/sNSitm plasmid was extracted and purified by
Qiagen plasmid purification kit (Qiagen. Hilden. Ger-
many).

2.4. DEAE-dexiran mediuted ransfection

COS cells were plated in a 60-mm tissue culture dish
(Nunc, Roskilde, Denmark) at 7.5 x 10° cells/dish and
incubated in 3% CO, at 37 “C for 24 h culture media
was removed and cells were transfected with 2 ml of
MEM containing 250 pg/ml DEAE-dextran (Sigma).
400 puM chloroquine diphosphate {(Sigma) and 5 pg
plasmid DNA for 3 h at 37 *“C in 5% CO». Supernatant
was removed and cells were treated with 10% dimethyl
sulfoxide in phosphate buffered saline {PBS) for 2 min at
roem temperature. Cells were then washed once with
MEM. replaced with MEM containing 10% FBS and
incubated in a 5% CQO; incubator at 37 *C. The culture
media was changed on the next day. Transfected cells
were harvested at 62 h after transfection and assayed for
the e¢xpression of dengue NS by indirect immuno(luor-
escence.

2.5, Indirect immunofluorescence assay
Transfected COS cells were detached Irom culture

dish using PBS containing 0.5 mM EDTA and washed
twice with PBS conlaining 1% bovine serum albumin



|

0.02% sodium azide. Cells were then incubated with
wn anti-dengue NS| monoclonal antibody for 30
min on ice. After washing, cells were incubated with
abbit anti-mouse immunoglobulin-FITC conjugate
Diko. Glostrup, Denmark) for 30 min. Membrane
'ﬁluresccncc was detected using a fluorescence micre-

fl:py (Olympus, Tokyo, Japan).

86 Western blor analysis

Transfected COS cells were harvested and resus-
ded in PBS. Cells were lysed in 4 x reducing sample
ETer and heated a1t 95 *C for 5 min. Cell lysate was
then separated with 10% SDS-PAGE and blotted onto
sirocellulose membrane. The membrane was blocked
wh 5% skimmed milk m PBS and reacted successively
mh B2 menoclonal antibody and horse radish perox-
ﬁhsc—cmuuﬂated rabbil anti-mouse unmmunoglobuling
Diko). The antigen—antibody complex was visualized
t}{h H-0> and diaminobenzidine.
Reactivily of hybridoma culture supernatants against
erent Torms of NSI| was determined by western blot
fllvsis. Dengue serolvpe 2-infecled C6/36 cells were
with 1% Triton X-100 in PBS. Prior to clectro-
pretic separation. cell lysate was either not treated or
jected (o 2-mercaptoethanol treatment ar room
#mperature or at 95 “C for 5 min. Subsequent steps
Litelectrophoresis. blotting and immunological reactions
:m as described above.

L
3% DN A immunization and hybridoma generation

Two 6-week-old. female Balb/c mice were injected
ith 50 pl of 1 mg/ml pDisplay/sNSItm into each hind
kg for five times with 2-week interval. One mouse was
gien the last inoculation with the same dose of plasmid
D'NA whereas the other received 100 pl of live dengue
nronrus (5 x 10° pfu/m) and then followed by plasmid
BNA as the last immunization dose 2 weeks [ater. Blood

ples werc collected just prior to the Airst immuniza-
fon and at 2 weeks after each injection by 1ail bleeding.
Mouse sera were separated and stored al —20 °C. Seven
s after the last immumization, mice were sacrificed
wnd spleen cells were fused with P3-X63A28.653 mye-
lima cells using 30" polvethylene glycol (Sigma). After
HAT medium selection. cullure supernatanis were
malyzed for antibody reactivity against viral protein
wing cell-ELISA and dotl enzyme immunoassay. Hy-
bidomas were cloned by limiting dilution and their
ﬁmvpCs determined by using mouse monoclonal ELISA
Sotyping kit (Sigma),

W Cell-ELISA

PS clone D cells (3 x 107 cells in 100 pl) were plated
Wlo a 26-well tissue cullure plate. infected with dengue

C. Puttiklnc et of. | Jouenal of Virelogical Methode 100 £2003) 5564 57

serolype 2 virus at the multipiicity of infection of 1.0.
After 24 h of incubation at 37 "C. cells were wushed
with PRS, fixed with 3.7% formaldehyde for 10 min, und
permeabilized with 1% Triton X-100. Ant-dengue
antibodics in mouse sera or hybridoma supernatlants
were detected by adding 50 pl of diluted mouse scra or
neat supernatant into permeabilized PS monolayer in
both infected wells und mock-infected wells and incu-
bated for ! h at room temperature. Cells were washed
three times with PBS contaming 6.05% Tween-20 and
reacted with rabbit anti-mouse immunoglobulins-horse
radish peroxiduse conjugate (Dako). Foilowing addi-
tional washing steps, H:O» and OPD were added and
the reaction was stopped with 4 N H.80Q,. Optical
density was specirophotometrically determined at 492
nm. Reactivity of all tested sampies was subtracted with
mean optical density value of mock-infected wells and
the corrected value of 0.100 or greater was considered
pesituve, Knows monoclonal antibodies against dengue
F protein (4G2 and 3H5). NSI1 proiein {1B2} as well as
pril protein (2H2) was included in every cell-ELISA
plate.

2.9 Dot enzyme Inimunoassay

For hybridoma screening assay. a mixture of culture
supernatants of C6/36 cells infected with each of the four
dengue serotypes and mock-infected supernatant were
dotted onto nitroceltulose membrane, blocked with 5%
skimmed milk in PBS and reacted with mouse sera (1:50
dilution} or hybridoma supernatants {1:5 dilution) and
incubaied for 1 h a1 37 “C. After waushing with PBS,
bound antibody was detected with rabbit anti-mouse
immunoglobulins-horse radish peroxidase conjugate
(Dako) and H.0s~diaminobenzidine -0.04% NiCly mix-
ture. Positive reaction appeared as dark. brown dot on
the membrane was graded from 0, 1 +, 2+, 3+ and 4 +.
For deiermining the cross reactivity of the anti-NS|
monocional antibodies, the antibodies were tested
against a nitrocellulose membrane that contained six
dots of dengue virus serotype 1—4. Japanese encephalitis
virus and mock infected C6/36 cell culture supernatants.

3. Results

J A Expression and innmunagenicity of dengie NSI

Sfusion pleasinid

A 1.0536-kb NS! fragmoent. containing nt 2422 3477
from dengue serotype 2 genome. was ligated into
pDisplay 1o create a fusion gene containing a leuder
peplide sequence derived from the wurine [gw light
chain. un extracellular portion of NS) and a transmem-
brane unchor sequence from platelet-derived growth
factor receptor. Expression ol s fusion gene in
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‘mummalian cell was tested by transfecting recombinant
plasmid into COS cells and identifying cel) surface NS|
with an anti-dengue NSI monoclona) antibodv. 1B2,
II_I-\:‘i[hin 62 h ufter transfection. 1B2 epilope was clearly
tected by an indirect immunofluorescence method on
1@;’: cell surface in about 57 of cells {Fig. 1). Under the
same conditions. mock-infected COS cells did not react
ith 182, When transfecied COS cell lysate was treated
h 12% sodwm dodecyl sullate in the presence of
ucing agent and subjected Lo western blot analysis, a
otein band of approximately 57 kDa was identified in

'[ﬁsmid-lransfecled COS lysate, but not mock-infected
1

kDa

97.4

66.2 .
.. «4— recombinant

NS (~57 kDa)

42.7
40.0

1.5

T

T 2. Western blot analvsis of pDispluy/sNS lim-leansiecied COS
ilvsite. Lane L protein markers witlt indicated moleculur weight o
;w the left side: lane 2, COS cells were transfeeied with pDisplay/
'“llm for 62 b and subjected 1o westorn blot analysis employing
WINST clone 182, Cells were treated with reducing agent and heated
B o electrophoresis

(8)

fig. 1. Photomicrograph of pDisplay/sNS|tm-transfecied COS cells, COS colls were transfected with pDisplay/sNS1im for 62 h and stained with
Wi-NST clone 1B2 and rabbn ant-mouse immunoglobulins-FITC conjugate, Cells were observed under light microscope (A) or fluorescence

lysate (Fig. 2). As expected. NSI Tusion protein ex-
pressed in transfected COS cells was slightly larger than
48-kDa native NSI found in dengue-infected mosquito
cells (Fig. 3A, lane 4). These results indicate that the
NSI fusion protein can be expressed on mammalian cell
surface.

When two Balb/c mice were immunized with NSI
fusion plasmd at 2-week intervals and anti-dengue
antibody rtesponse was monitored by dot cnzvme
immunoassay. Significant level of anti-dengue antibo-
dies was detected equally in both mice {dot 1 4 in a scale
of 4. with no background in the control dot) after the
third plasniid injection and centinued up to the end of
immunizatton schedules. Comparison of the antibody
responses between both mice just before lusion revealed
that the mouse that had been additionally boosted by
live virus injection had higher antibody level {dot 2+)
than the oue boosted by plasmid only (dot | +4). Thus.
immunization of plasmid DNA encoding dengue NSI
fusion protein ¢an induce antibody response in mice,

3.2 Generanon und characterization of anti-NS1
monieclonal intibodies

Following lusion of spleen cells from plasmid-immu-
nized mice and selection using standard hybridoma
technique. 17 out of 218 hybridoma clones (7.8%)
from DNA immunized mouse and 11 out ol 71
hybridoma clones (15.5%) from virus-boosled mouse
were reactive (o dengue antigens either by dot enzyvme
immuneassay or cell-ELISA. After cloning by limiting
dilurion. five hybridoma clones, designated NSi-1F.
NSI-2F. NS&I-3F. NS1-4F and NSI1-25, were selected
based on their reactivity against dengue NSI protein by
western blot analysis {Table 1). The first four clones
were derived tom mouse intmumized with DNA plus
virus boost whereas NS1-28 was from DNA-immunized
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#2 3. Reactivity of anti-NS1 monoclonal antibodies against various forms of denpue NSI. Prior 10 electrophoresis and blotling. dengue-infecied

! _llfl side,

fouse. All clones were reactive to dengue antigen by dot
fzyme immunoassay but only three of them reacted in
@lFELISA (NS)-IF. NSi-2F and NSI-3F). Three
tiones were of IgM class (Table 1).

Within dengue-infected cells, NS! associates non-
wvalently into homodimeric form approximately 20—
' min after its synthesis (Winkler et al.. 1988). With
%l treatment, dimeric NS1 readily dissociates into
l pnomeric form (Winkler et al, 1988). To investigate
:" reactivity of monoclonal anl1b0d1es against the two

with heat treatment. with 2-
ptouhano! treatment, or with heat and 2-mercap-

r; under reducing condition (Fig. 3A. lane 3). They
50 reacted with the monomeric form of 45 and 48 kDa

eristics of anii-dengue NS1 monoclonal anuibodigs

Isolype Epitope type  Virus specilicity

DNA -+ 1gM Linear Flavivirus

virus

DNA + IgM Conflormation Dengue serotype
virus 2

DNA 4 igG24  Linear Dengue sero-
virus complex

DNA + 12G1 Linear Dengue sero-
virus complex

DNA lgM Conlormution  Dengue serotype

5

36 cell lysate was subjected (o the following treatment: Lanc 1. no treaiment; lane 2, heat weatment: lane 3, 2-mercapioethunc! treatment; lanc 4,
MaLand 2-mercapioethanol ireatmeni. Panel A, reactivity pattern of clones NSI-1F,
fand NS1-28. Monomeric and dimerie forms of NS are indicated on 1he right side. Protein markers with indicaled molecular weight in kDa are on

WNSJ-3F and NSI-4F: pancl B. reacuivily pattern ol clones NSI-

was similar to that of B2, indicating that NSI-1F, NS1-
3F and NSI-4F recognize a linear epitope on NSI. In
centrast. clones NSI1-2F and NSI-2§ did not bind NSI
after heat and 2-mercaptoethanol treatment (Fig. 3B,
lane 4); both of them are. therefore, specific for
conformational epitopes that are absent in the reduced
monomeric form of NSJ.

To determine cross reactivity of the five anti-NSI
clones to other dengue serotypes and Japanese encepha-
lnis virus, dol enzyme immunoassay utilizing super-
natants obtained from C6/36 cells infected with each
serotype of dengue and Japanese encephalitis viruses
was performed. As shown in Table 1. these anti-NS}i
antibodies were classified into three groups depending
on their reactivity with tested viruses. The first group,
NSI1-1F, appeared to be flavivirus cross-reactive as it
bound all four serotypes of dengue as well as Japanese
encephalitis virus. The second group, NS1-3F and NS1-
4F, reacted with the four dengue serotypes bul not
Japanese encephalitis virus whereas the last group, NS1-
2F and NSI-25, appeared to be dengue serotype 2
specific.

4, Discussion

[n several laboratory animals, DNA immunization
has been shown to be an efficient mean for induction of
both humoral and cell-mediated immune responses. In
this report, we employed a recombinant plasmid encod-
ing dengue NSI fusion protein to aid in the generation
of monoclonal antibodies to NS1 protein. A mammalian
expression vector, pDisplay, was used as this vector
contains a high-level expression promoter derived from
cytomegalovirus: it has been used previously in DNA
vaccine development against many infectious pathogens
{(Hasan ¢t al. 1999). An advantage to the use of



LpDisplay is the expression of target protein on cell

Surface. Several reports suggested that antigens pre-
ted on the cell surface are often more immunogenic
Mhun intracellular or secreted forms (Haddad et ai..
HD_‘JS; Men e1 al., 1991: Srinivasan et al., 1995). In a
direct comparison study, DNA 1mmunization with
WDisplay containing hepatitis C virus E2 protein, which
the expressed E2 targeted to the cell surface, induced
filich stronger humoral immune response in mice and
“micaques than pcDNA3.Y veclor carrying the same
“kene but expressed E2 protein intracellularty (Forns et
ul, 1999). Interestingly, while immunization with plas-
DNA alone is adequate for the generation of ant-
dengue NS monoclonal antibody. an additional boost

ith live virus injection appears o increase the number
f clones obtained. Although the number of NSI-
I-“:'-— clenes generated with the two immunization
‘-’. dules are obviously small for comparison, our
linding agrees well with previous reporis showing
||l ncement of specific immune responses after antigen
!I,- 005t following DNA immunization (Schmolke et al..
1898: Tearina_Chu et al.. 2001),

The monoclenal aniibodies against dengue NSI
gnerated by DNA immunization in this study are quite
'|r erse with regards o isotype. the nature of epitope
mopnized and cross-reactivity to NSI1 from other
ruses. These results suggest that the NS1 fusion
potein expressed in muring cells following injection of
pismid DNA closely resembles those of native NSI
|'_' otein despite the facts that mouse is not a natural host
Br dengue virus and NSI locatized on the surface of
gue-infccled human cells 1s in the glvcosyl-phospha-
idylinositol-linked form (Jacobs et al.. 2000). Possible
ilerences i the post-translational meodifications of
St within murine cells as compared with infected
fiman cells appear not 1o affect the immunogenicity of
sion NS1 protein generated in mice. However, we are
80 aware of the fact that the diversity of the antibodies
iiained from the mouse that had been boosted by
'ural virus might also be generated by the exposure to
gvires itself.
In conclusion, we have demonstrated that it is
mastble to produce monoclonal antibodies against the
gngue NSI protein by using DNA immunization
fntegy. The monoclonal antibodies are shown (o be
Sictive to different natural epitopes of the NSI. This
s opened a possibility of producing additional clones
Minst other proteins that. in natural conditions, are
apressed in small amount and/or difficult to purily or
fiepare. Using this similar technique. we have success-
Mlly produced antibodies 10 prM protein of dengue
WS (manuscript i preparation). The monoclonal
Hiibodies obtained from this report will be useful for
Wihier development of dengue NS1 diagnosis as well as

Mctional study of dengue NSI protein.
i
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Abstract Anion exchanger | (AEl or SLC4AT) muta-
tions have been reported (o cause distal renal twubular aci-
dosis (dRTA), a disease characterized by impaired acid
excretion in the distal nephron. We have recenty demon-
strated homozygous AES! G701D mutation as a common
molecular defect of autosomal recessive (AR) dRTA in a
group of Thai pediatric patients. In the present work, we
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discovered a de novo heterozygous AES R589C mula-
tion, previously documented in inherited autosomal
dominant (AD} dRTA. Arginine at this position is con-
served in all vertebrate AE proteins indicating its func-
tional importance. Three different mutatiens at this posi-
tion (R389C, R589H, and R589S) were all found in AD
dRTA and a de novo R589H mutation has previously
been recorded. Our report is the second de rovo murta-
tion but with a different substituted amino acid. A high
prevalence of A£J R58% mutations and the presence of
at feast two de novo mutations at this position lead us to
propose that codon 589 (CGC) is a “mutational hotspot”
of AE]. The mechanism of recurrent mutations probably
involves methylation and deamination altering cytosine
{C) to thymine (T) in the CpG dinucleotides.

Keywords dRTA - Autosomal dominant - Band 3 - AE/
gene - De novo mulation - Mutational hotspot - CpG
dinucleotides

Intreduction

Distal renal tubular acidosis (dRTA) is a disease charac-
terized by an incapability of the distal nephron 1o secrete
hydrogen ion into urine in the presence of systemic met-
abolic acidosis. The patient with dRTA has hyperchlo-
remic metabolic acidosis, usually accompanied by hypo-
kalemia, metabolic bone disease, and nephrocalcinosis
and/or n¢phrolithiasis [1, 2, 3). The hydrogen ion secre-
tion at the apical membrane of o-intercalated cells of the
distal nephron is importantly mediated by the H*-ATPase
pump, which occurs in association with bicarbonate
reabsorption across the basolateral membrane of these
cells mediated by kidney anion exchanger | (kAEI). The
defect of KAE] at the basolateral membrane will result in
intracellular bicashonate retention, which may in turn af-
fect intraceilular carbonic acid dissociation and hydro-
gen ion secretion at the apicat membrane.



Mutations of AE7 or SLCIAS (MIM 109270}, which
is located on chromosome 17q2i-22 and encodes both
erythroid (eAE]) and kidney AEl (KAEIl) isoforms,
have been found w0 result in dRTA [4, 5. 6, 7, 8. 9, 10,
1. 12]. The mutaiions of this gene were reported in both
autosomad dominant {AD) {4, 5. 6, 7] and recessive (AR)
I8. 8, 10, i, 12] types of dRTA. Missense mutations in
codon 589 of the AE/ gene, resulting in substitutions of
arginine by either histidine (R589H), cysteine (R589C)
or serine (R589S), were identified in multiple families
with AD dRTA [4, 5, 6, 7). Two additional mutations,
S613F and a truncated 11 amino acids at the carboxyl
terminus of AE1 {R901X or band 3 Walton), were also
associated with AD dRTA {4, 6}. Our group {9, 12] and
others [8, 10, 11] have recently described AL} mutations
associated with AR dRTA. Homozyzous AE! G701D
mutation was the first reporied genotype resuiting in AR
dRTA [8]). Compound heterozygosity of AE! G701D or
other multations (such as AVE50 and A858D) and an in-
frame nine-amino-acid deledon (residues 400—108} were
found o resuil in AR dRTA associated with Southeast
Asian ovalocytosis (SAO} {9, 10]. Qur recent study has
shown that homozygous AE/ G7C1D mutation is a com-
mon molecular defect among the studied group of Thai
pediatric patients with dRTA [12]. However, in analysis
of AE/ in a Thal pediatric patient with dRTA presenting
with severe clinical manifestations and in his parents, we
unexpectediy identified a de novo R5389C mutation, rep-
resenting the first of this type. Based on the presence of
this de novo mutation as well as a previousty reported de
novo R589H mutation {6] and also. a high prevalence of
R589 mutations {4, 5, 6, 7}, we therefore propose that
codon 589 is 2 “mutational hotspot” of the AE/ gene.

Case report

A 7-year-old Thai male, a native of northeastern Thailznd, was
diagnosed with rickets without mental retardation 4 years ago, The
presenting symptorns were dysprea and muscle weakness. The
physical examination revealed rachinic rosary, kvphoscoliosis, and
grawih retardation. His body weight and height were 9.6 kg and
84 cm, respectively, which were lower than the third percentile of
those of the age-maiched norma! Thai male children. X-ray exami-
nation demonstrated typical features of osteomalacia and bilateral
nephrocaleinosis. Hypokalemic and hyperchloremic metabolic aci-
dosis with a very low urine citrate were detected, while his urine
pH was 7.3 and serum creatinine 0.3 mgfdl. The urine amon gap
was positive as shown in Table 1. His parents had no metabolic
acidosis with normai urine citrate and renal function. The moming
urine pH of the father and mother were 6.0 and 5.4, respectively
(Tabie 1}. The father was able to lower the unine pH o below 5.5
after a short acid loading test (133,

Materials and methods

Genomic DNA prepared from the patteat’s and his parents’ blood
samples were screened for AE mutation by the polymerase chain
reacthion and the single-sirand conformation polymorphism (PCR-
SSCP) technigue as described in our previous work (9], The PCR
product with a mobility shift oa the SSCP gel was subsequently
subjecied 1o nucleotide sequencing using an ABI-PRISM Big Dye

645

Table 1 Serum ard wrine biocherical and clecurolyvte values in
the patient and his parents

Father Maother _ Patiemt
Serum
Creatinine {mg/di) 0.9 0.6 0.3
Mat {mM) 144.0 137.5 146.0
K* (mM) 4.24 362 1.90
HCOCy (mid) 134 21.8 3.0
Cl- imM) 108 103 125
Urine I
pH 6.0 S54 1.3
Citrate {mM) (.30 1.3¢ c.al
Na* (raM} 174.5 164 703
K= {mM) 50.5 61 435
Ci- (mM) 181 256 62

Terminator Cycle Sequencing Reaction Kit (Applied Biosystems)
and an ABI-PRISM 310 automated sequencer {Applied Biosys-
tems). The PCR products of the same region of AE/ from the par-
ents’ and normal DNA samples were 2iso sequenced and com-
pared. Segregation of mutatuon in the family was analyzed by
PCR-resinction endonuclease digestien (PCR-RED} and agarose-
get electropheresis, Biological paternity was verified by DNA fin-
gerprinting. Nine short tandem repeat (STR} loci in the human ge-
nome were simultaneously amplified in 2 single PCR by using 2
Profifer Plus [ kit {Applicd Biosystems). After amplification, PCR
products of the aine STR loct were separated and detected by an
ABL-PRISM 310 automated sequencer (Applied Biosystems}. The
digital output data were collecied and analyzed by computer sofi-
ware {Applicd Biosystem).

Results

The results of clinical and laboratory investigations
showed that the patient had dRTA with severe clinical
manifestations while his parents were normal. The pro-
moter region and exons 4-20 of AE[ in all three mem-
bers of this family were screened for mutation by the
PCR-SSCP method, and compared with normal controls.
The patient had a pattern of mobility shifts of single-
stranded DNAs from exon 14 of AE/ (Fig. 1a), while all
other exons were normal. Surprisingly, his parents had
normal SSCP patterns for this fragment (Fig. la) and for
all other exons.

The amplified DNAs of exon 14 from the patient and
the parents were then analyzed by direct sequencing. A
heierozygous nucleotide substtution, cytosine ¢ thym-
ine, at the position 1765 (C1765T) in codon 589 (CGC
to TGCY was identified in the patient while the parents
had normal sequencing profiles (Fig. ib). This substitu-
tion resulted in the replacement of arginine by cysleine
{R589C) in the AEIl protein. The C to T substitution
would also abolish a2 normal Hhal recognition site
{GCGQ) in the exon 14 sequence. Thus, PCR-RED using
Hhal could readily detect the presence of this substitu-
tion. The size of undigested PCR product of this exon
was 224 base pairs (bp). In the normal individual with a
homozygous wild-type sequence, the PCR product from
both alletes could be digested with Hhal. resulting in
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Fig. 1 a Screening of AL} a
mutauon by the PCR-SSCP

method, showing mobility

shifts of single-stranded DNAs

ot exon |4 in the paten {#/-7).

while they were not observed

n the parents {f-4. {2} (¥ nar-

mal control sample). b Nucleo-

tide sequencing of AL exon |4

from the paucnt and his par-

ents. The patient’s father and

mother had a homozygous nor-

mal sequence at condon 589
(CGC/CGC). while the patient

had a heterozygous nucleotide
substitution at codon 389
(CGT/TGCY. € Analysis of

R385C muauon in ALS exon

|4 by the PCR-RED method b
using Hhal enzyme in the pa-

Father
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Mother Patient

uent and his parents, Lane | > 2 = - g & f Tt
is 2 part of standard DNA size e S -
markers, PhiX174DNA/Haelll. .

Lare 215 an undigesied PCR
product of a normal control, i i
showing a fragment size of iR
224 bp. Lane 3 18 a digested | ! ; '
PCR product of & normal con- | 1
rol. showing fragment sizes of £ e

T
Ry AL

)
r 11 3
R - '

166 and 38 bp. Lanes 4 and 5
are digested PCR products of
the patient’s father and mother. c bp
respectively, showing the same
fragment sizes as that found 1n
tane 3. Lane 6 is a digesicd
BCR product of the patient,
showing fragments of 224, |66,
and 58 bp, indicating the pres-
ence of heterozygous AES
codon 389 mutation

two fragments, of 166 and 38 bp. In the heierozygous in-
dividual, one undigested (244 bp) and two digested frag-
menis (166 and 58 bp) would be observed. The result of
this analysis showed ihat while the parents and normal
contrel had two fragments (166 and 58 bp), the patient
had three fragments (244, 166 and 58 bp), typical of the
heterozygous mutation (Fig. 1c).

The presence of AE/ R589C mutation in only the pa-
tent migni occur from a false paternity. To investigale
their biological relationship. DNA fingerprinling was
performed by using nine STR polymorphic DNA mark-
ers. The results (Table 2) showed that for all the loci test-
ed the patient always shared one allele at each locus with
both parents. strongly indicating their biological relation-
ship.

Discussion

Mutations of AE7 have been reported in many kindreds
with AD dRTA (4, 5. 6, 7). However, analyses of AE/ in
the familigs with dRTA by cur group {9, 12] and others
[$. 10, 11] have alsn shown thal some mulations of this

224
166

58

Table 2 Paternity lesting by DINA fingerprinting using mine short
landem repeat (STR) poiymorphic DNA markers, showing a bio-
logical relationship between the patient and his parents since in
every locus one STR allele from the parents is present in the pa-
ticnt

Markers Member

Father Mother Paiient
D8S1179 1415 13431 14711
D2is1i 29431.2 N2 31.2/31.2
DI8SS51 14714 16/15 14415
D3S1358 1715 17716 116
VWA 1713 18420 17420
FGA 20421 24422 2022
D5S5818 13i15 11412 13412
o138317 10411 811 IREAR!
D758820 10411 11411 11411

gene were associated with AR dRTA, present in homozy-
gous or compound heterpozygous conditions. Since ha-
mozygous AL} G701D mutation was commonly found
to be associaled with AR dRTA in Thai pediatric pa-
tients, especiatly in those from northeast Thailand [12],
we initially suspected that this abnormal genotype would



also be found in the child with severe clinical manifesta-
tions of dRTA reported in this study. However, instead of
detecting homozygous AE] G70ID mutation, we identi-
fied a heterozygous nucleotide (C1765T) substitution at
codon 589 (from CGC to TGC), resulting in an amino
acid alteration, arginine to cysteine (RS89C), in the AEL
protein. This mutation was found only in the patient
while his parents had normal AE!, despite paternity con-
firmation by DNA fingerprinting. Thus, it is most likely
to be a de novo R589C mutation, the known AE! muta-
tion associated with inherited AD dRTA. It also repre-
sents the first AE] mutation associated with AD dRTA
identified in Thai patients.

AE! RS89 mutations have been reported in multiple
families with AD dRTA [4, 5, 6, 7]. R589 could change
to histidine (R589H) [4, 5, 6], serine (R5898) [5], or cys-
teine (R589C) [4, 71. Altogether, AE/ RS589 mutations
have been identified in 10 of 12 families with AD dRTA,
including one in the present study. The RS89H mutation
is most common, and has been found in six families. The
high prevalence of mutations at this position is ualikely
to result from the founder effect because of its occur-
rence in different populations with the existence of allel-
ic heterogeneity, The presence of de novo mutations
strongly indicates recurreat mutations. Previously, a de
novo RS89H mutation has been observed in a sporadic
AD dRTA case [6]. However, the de novo R589C muta-
tion has pever previously been reported; thus, the one
described in this report is the first instance of this de
novo change. Because of a likely high mutation rate and
the presence of at least two de novo mutations, we pro-
pose that codon 589 is a “mutational hotspot” of the AE{
gene,

The normal triplet-nucleotides for arginine at the co-
don 589 are CGC. Thus, the first two nucleotides are in
CpG dinucleotides, The R589C mutation occurred from
CGC w TGC alteration [4, 7. and this report], The
RS589H mutation resuited from CGC to CAC 4, 5, 6)
and its complementary change was from GCG to CTC,
which are also in the CpG dinucleotides. Therefore,
these two mutations (CGC to TGC and GCG to CTG)
are cytosine (C) to thymine (T), on either the sense or
anti-sense strand, which is most likely to occur from the
same mutation mechanism.

Methylation followed by deamination is the well-
known mechanism causing the alteration of cytosine to
thymine {14]. The CpG dinucleotide is a known "“muta-
tional hotspot™ of many genes [15, 16, 17] in the human
genome as a result of the modificatior of 5 cytosine by
cellular DNA methyltransferases and the consequent
high frequency of spontaneous deamination of 5-methyl
cytosine (SmC) to thymine. The high prevalerce of in-
herited R585C and R589H mutations and the occurrence
of de novo R589C and RS89H mutations support the op-
eration of this mechanism. Unlike the mutations that
caused nucleotide mis-incorporation occurring during
DNA replication, the mutation that resuited from methy!-
ation and deamination will not be corrected by the cellu-
lar mismatch repairing system. This may expiair why
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the R389C (CGC to TGC) and R589H (CGC to CAC)
mutations were more prevalent than such mutations as
R5898 (CGC to AGC), which was identified in only one
family in this group. In addition, the other two possible
mutations, R589P (CGC to CCC) and RS89L. (CGC to
CTC), have not been identified. These three mutations
did not occur from C to T substitutions, but they are like-
ly to be due to the nucleotide misincorporations.

It is possible that there might also be other “mutation-
al hotspots™ in AEZ. Diego bloed group (band 3 Mem-
phis II) polymorphism (P854L) [18] may be another ex-
ample. The wild-type Di(b) antigen contains proline at
position 854 while the variant Di(a) antigen has leucine
at the same position. The nucleotide alteration of this
polymorphism is from CCG to CI'G, which is also a C to
T change in the CpG dinucleotides. This polymorphism
is common in different ethnic groups, and is likely to
occur from recurrent mutations. Thus, codon 854 is pos-
sibly angther “mutational hotspot” in AEJ, withowt the
disease state association. In contrast, band 3 Memphis |
{K56E), which occurred from the AAG to GAG altera-
tion and is a widespread polymorphism [19], might re-
sult from a different mechanism, which is still unclear.

R589 lies in the third intracellular loop between the
sixth and seventh transmembrane domains (TM6 and
TMT) of AE]. Six conserved basic amino-acid residues
(R589, K590, K592, K600, R602, and R603), which may
be important in its function, are present within this loop.
Analysis of AEl R589H transport function in Xenopus
oocytes showed a significant chloride transport activity
[3, 4). Thus, the disease and its autosomal dominant
inheritance are not related simply to the anion transport
activity of the mutant proteins [4]. Recently, impaired
trafficking of kAEl RS8SH (as well as RS89C and
R5898), but not eAE]l RS8%9H, was demonstrated in
transfected human embryonic kidney {HEK 293) cells,
indicating that this conserved arginine residue is impor-
tant for proper protein trafficking to the cell membrane
[20]. Coexpression of xAE1 R589H reduced cell surface
expression of wild-type KAE} due to heterodimer forma-
tion. Thus, a dominant-negative effect would account for
the autosomal dominant inheritance pattern of dRTA
caused by these AE1 R589H and related mutations [20]).
The absence or reduction of the mutant as well as wild-
type KAE] at the basolateral membrane of ¢-intercatated
cells in the distal nephron would affect chioride/bicar-
bonate exchange, leading to impaired hydrogen ion se-
cretion at the apical membrane, which would thus result
in dRTA.
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Abstract Shortened red cell life spar and excess iron
cause functional and physielogical abnormalities in vari-
0us organ systemns in ihalassemia patients. In an earlier
sidy. we showed that f3-thalassernia padents have a
high prevaience of renal wbular abnormalities. The se-
verity correlated with the degree of anemia, being least
severe in patients on hypertransfusion and iron chelation
Iherapy, suggesting that the damage might be caused by
the anemia and increased oxidation induced by excess
iron deposits. This study was designed 1o define the re-
nal abnormalities associated with a—thalassemia and to
torrelate the renal findings with clinical parameters.
Thirty-four pediatric patients (mean age 8.2+2.8 years)
with Hb H disease or Hb B/Hb CS were studied. Ten pa-
lients (group 1) were splenectomized, with a mean dura-
tion post splenectomy of 3.5=1.4 years: 24 patients
\{group 2) had intact spleens. The results were compared
‘with 15 normal children. Significantly higher levels of
\urine  MV-acetyl-f-D-giycosaminidase, malondialdehyde
{MDA). and B,-microglobulin were found in both groups
‘compared with normal children. An elevaied urine pro-
[ein‘creatinine ratio was recorded in 60% of group | and
129% of group 2. Two patients (5.9%), 1 in each group,
‘had generalized aminoaciduria. We found proximal tubu-
dar abnormalities in a-thalassemia patienis. Increased
‘oxidative stress, possibly iron induced. may play an im-
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portant role. since urine MDA levels were sigmlicantly
increased in both groups ot patients.
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introduction

o-Thalassemia results from the loss of one or both of the
duplicated o genes from chromosome i6. Carriers of the
deletional form of ¢—thalassemia, genotype (—/a) or
{(—o/eear), are clinically normal with only mild hypochro-
mic, microcytic anemia. Compound helerozygotes, geno-
type (—/~a) and commonly called Hb H disease. usually
have a moderately severe anemia. The prevalence of
genotypes (/o) and (—o/oa) in Bangkok is 3.3%
and 16%, respectively. Clinical phenotypes of Hb H dis-
ease can also be caused by non—deletion types of a-thal-
assemia. The most common non—deletion type of a—thal-
assemia in Thailand is known as Hb H disease with
Hemoglobin Constant Spring (Hb H/Hb CS), genotype
(-/aCSa) [1]. a=Thalassemia can be divided into four
clinical subsets: Hb Bart’s hydrops fetalis in which all
the patients die in utero or soon afier birth, Hb H disease
with moderately severe anemia in most patients, Hb H/
Hb CS with more severe anemia but good response o
splenectomy. and Hb A-E-Bart's disease and Hb
E-F-Bart’s disease, which are rare and have similar clin-
ical phenotype to Hb H [2. 3].

Recently, we demonstrated proximal tubular dysfunc-
tion in patients with homozygous P-thalassemia and
B-thatassemia/Hb E disease. The cause of this dysfunc-
tion is not known, but anemia and iron overload may be
important {3). Excess free iron is known 1o be a catalyst
of lipid peroxidation, which damages cells. In our previ-
ous study children with B-ihalassemia had increased
urinary malondialdehyde {MDA), indicating that lipid
peroxidation did occur. Children on a hypertransfusion
protocol with deferoxamine had less severe renal wbu-
lar dysfunction. This suggests that renal damage may he
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reversibie with iron chelation therapy (3], According to

this hypothesis, o—thalassemia patients with repeated

episodes of hemolysis and increased iron deposition. al-
though with a milder degree of anemia. will also be
prone to renal dysfunction. About 5% of Thai children
with ci-thatassemia have splenectomy (0 reduce the de-
gree of anemia and improve growth rate. Anemia and
growth improve markedly. especially in Hb H /Hb CS
patients. as <¢arly as | vear after splenectomy (W.
Tasaneeyapan, V.5, Tanphaichitr unpublished observa.
lion). Compared with P-thalassemia, a-thalassemia
patients have less severe anemia. with less iron deposi-
lon [2]. Moreover. within the a-thalassemia group. pa-
tients with HBH/HbCS have more severe anemia than
those with classic HbH disease [4]. Splenectomy is still
an accepted (reagment in o—halassemia. especially
HoH/HbCS patients with severe anemia, usually result-
ng in markedly increased hemoglobin (Hb) levels with-
oul the need for further blood transfusion. The less se-
vere anemia in a—thalassemia and the availability of dif-
ferent groups of patients {with and without splenecio-
my) have provided an opportunity 10 compare the preva-
lence and the degree of renal wbular defects amongst
ditferent groups of patients. This study was designed to

i detect the prevalence of renal wbular dysfunction in

‘z-thalassemia patients with intact spleens and after
splenectomy and to correlate the renal findings with
‘tlinical parameters.

Materials and methods

Thirty-four pediatric patents berween 3 and 15 years with a—thal-
‘assemia (Hb H disease or Hb H/Hb CS§) attending the Department
‘of Pediatrics. Siriraj Hospilal were recruited with informed con-
“gent from their parents.

All patients had no acute febrile illness. acute hemolysis. of
“significant bacteriuria. Estimated glomerular filtration rate (GFR)

was calculated according 10 Schwartz's formula {5]. The diagnosis
of Hb H disease and Hb H/Hb CS was performed by standard
techniques {6]. Height and weight standard deviation scores (3DS)
were calculated according to Tanner et al. [7]. Patients were divid-
ed into two groups group | had been splenectomized for at least
2 years and group 2 were patients with intact spleens.

Patients were instructed 10 last overnight before atending lhe
clinic in the moming. with ne food or drink uot their second
void. Blood samples were collected from each patient for Hb and
hematoerit. urea ritrogen, ¢reatinine, and electrolytes. Fresh sec-
ond-marning unne samples were collected: a portion was immedi-
ately aliquoted and frozen until further analysis. The remaining
vrine sample was tesied for asmolaliy (bvy Osmomat 030 crve-
scopic osmometer, Gonotec. Berlin, Germany), protein. and sugar
tby Labstix, Bayer Diagnostics}. and examuned micrascopwcally.
N-Aceryl-B—p-glucosaminidase INAG) (by a spectrophatometric
method) [8). creatinine (Jaffe reaction. autoanalyzeri. and amine
acids (by paper chromatography} [9] were aiso measured. Urine
MDA levels were measured by a spectrophotomernc techmque
[10]. Urinarv protein levels were assaved by 2 modified Bradford
method (Bio—-Rad iaboratories. Richmond Calif.. USA [I11].
Urine P.-microglobulin levels were assaved by enzvme-linked
immunosorbent assay [12]. Fresh morning urine sampies trom
15 healthy children of the same age group were used a3 controls.

This study was approved by the Ethics Committee on Human
Rights Retated (o Research Involving Human Subjects. Facufty ot
Medicing Sirirmj Hospital. Mahidel Untversitv. Bangkok, Thui-
land.

Stadstical methods

All calculations were carried out using SPSS stalistic package.
Comparison between groups was performed using unpaired
rwo—tailed Student’s r—test. Pearson cormefation test was perrormed
between wbular dysfunction and serum ferritin. Hb. and urine
MDA levels. A P value of less than (.05 was regarded as signifi-
cant.

Results

Thirty—four patients, comprising patients with 14 Hb H
disease and 20 with Hb H/ HbCS, were included in this

‘Table I Summary of demographic and biochemical data of two groups of patients and controls {SDS standard deviavon score. GFR
giameruiar filtration rate, NAG M-aceryl-B-D—glucosaminidase, MDA malondialdehyde)r

Group { n=10 Group 2 n=24 Controls a=i3
‘Age (vears) 9.7+2.4 1.6=2.7 9.8=3.3
Hcsghl tSDS) -1.5=0.7 -1.1=0.9
WmuhuSDSl -1.6=0.6 -l.1=1.0
lHemuu}ubln {g/dl) 9.320.8 8.8=].1
Serum femtin (ng/ml) 306.0=185.0 130. 7= 17.3=="
Serum potassium (mmol) 5.1=04 4.6+0.3
‘Estimated GFR" (ml/min per 1.73 m"} 109.1=19.3 104.0=18.3
‘Unne vsmolarity (mosmol/kg) 639.3=238.2 733.0=230.2 836.6=273.7
-Unnc urea nitregen (mg/dl) 536.52230.4* §16.7=256 9~ 1.034.0=393 1
llinne protein img)creatinine img) 0.97].69* 0.220.35 06.07=0.01
Wnne NAG {unil)/g crealinine 27 5244 4" 26.5=18.2 15=1.7
:Unn-_- MDA {nmol¥mg creatinine 4.8x).1=" 3.9=1.8"~ 0.5=0.2
|' rine vau.nwlubulm (ugy¥mg creadinine 114.8=37.2 13712929+ 113292

‘!P«) 03, ==P<0 palents versus controls using unpaired
Awu-tailed Studenr's (—test
#=P<0).05 group 1 versus group 2
dent’s r-test

“Walues are mean=siandard deviation

using unpaired lwo—tlailed Stu-

" As calculated by Schwanz’s formula 0.55xheight {cmy/playma
creatinine {mg/d

“Group | consislts of patients wha had splenectomy fur 21 least
2 years: group 2 are paticnis with intact spleens



Sfudy. Meuan age was §.2+2.8 years {range 3.4-13 years).
Nine patients (90%) in group | and 11 patients (45.8%)
in group 2 were Hb H/ HbCS pauenis. Tabie | summa-

¥ in group 1 patients was 3. 5+1 4 years.
Blond urea nuroacn and serum Creaunme levels were

Al patients had normal GFR. Serum electrolytes were
mal. except for a marginally high mean serum potas-
tevel in group |. Six patients in group ! and ] pa-

mmolA. but only | patienr in group 1 had a serum po-
isstum level higher than 3.5 mmol/l.

Two patients (5.9%) had generalized aminoaciduria.
i exch group. About half of the patients in both
SUps had fasting mornmc unnc osmolality less than

dlients had microscopic hemawwna. An elevated unne
prolein/creatinine ratio was recorded in 60% of group !
and 29% of group 2.

Urine NAG MDA and B, rmcroﬂ'lobulm levels were

en the two groups. Urine protein was markedly in-
zeased in group 1. Using iwo—tailed Pearson test, signif-
fant correfations (P<0.01) were found between urina.ry
and MDA B, -microglobulin and MDA, B,-micro-

Ation was a]so found between serum ferritin and urine
tein £P<0.01). but no other urine parameters. No cor-

¢ report proximal wbular dysfunction in children with
thalassemia. The kev abnormalities included increased
¥els of urine NAG, MDA, and f,-microglobutin. Pro-
nuna as detected by urinary protein/Creatinine ratio,
S increased in both groups of patients. Dipstick tests,
lich were used to detect proteinuria at the bedside, on
other hand, gave negative results. This could bé ex-
tined by the fact that the dipstick test is known 10 de-
el mostly urinary albumin, as commonly found in
@merular diseases. In these cases the proteinuria was
inly due 1o low molecular weight tubula.r protems

W cells that bas been used successfully as a marker of
bular dysfunction in various discases [13, 14, 15, 16
L 18], B« Microglobulin, a low molecular weight pro-

. 15 2 sensitive and reliable marker of wbular dys-
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function [15. 16. 17, 18). The cause of renal wbular dys-
function in these patdents is not known, Recenily, we and
others reported proximal tubular defects in children with
B-thalassemia and postulated that anemia and iron depo-
sition may be key factors (3. 19. 20]. In thalagsemia. the
imbalance in synthesis of Hb leads 10 excess unpaired
globin chain and a high intracellular content of non-Hb
iron. The unstable Hb subunits are known to generare
free oxygen radical species, starting a chain of oxidative
events. leading to disintegration to denatured zlobin
chains, heme. and iron, which bind to different ‘mem-
brane proteins, altering the normal stucture and {unc-
tion. The excess free iron is known to be a catalvst of
lipid peroxidation via the Fenton reaction [21. 22, 23] In
both the B-thatassemia patients described prcwomiy and
the a—thalassemia patients described in this studv, proxi-
mal tubular dysfunction was associated with increased
MDA levels. This suggests that there is a common mech-
anism of renal wbular injury [3).

Since most patients in Thailand cannot afford the high
cost of iron chelation and regular blood transfusion. sple-
nectomy has been the treatment of choice. Marked im-
provement of serum Hb, weight, and height (standard de-
viation scores} was observed afler splenectomy. In our
study, the group of splenectomized patients had slightly
higher Hb levels. but other hematological parameters
were similar. Both groups had similar levels of wbular
dysfunction. Our previous study in B-thalassemia pa-
tients described less renal tubular dysfunction in a group
receiving hypertransfusion and iron chelation. The
¢—thalassemia patients in this study were clinically less
severe (han the B-thalassemia patients in our previous
study, as evidenced by the lower degree of growth failure
and anemia. and lower serumn ferritin levels. However,
the degree and pattern of renal abnormalities are similar
[53]. Morcover, group 2 patients with only marginally in-
creased serum ferritin levels sull have the same degree
of renal dysfunction. We do not know why the degree of
renal dysfunction is similar in patients with different iren
metabolism. including those who had had good response
to therapy (iron chelation, frequent transfusion, and/er
splenectomy). It could be that the tebular damage is irre-
versible. Further study, in particular [ong-term follow-up
in thalassemia patients before and after efficient iron
chelation and hypertransfusion, is needed to clanly our
abservalions.
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Summary, To studv genotvpe and phenotype corre-
lation of haemophilia A in Thai parients, molecuiar
Jefects of the factoc VI {FVI]) gene were examined
and their correlation with dinical phenorvpes were
evaluated. The molecular parhologies of FVIIf in
Thai patients were found 10 be hererogeneous. The
most common musation was FVIII intron 22 inver-
sion accounting for about 30% of the severe cases
while gene deletion was rare. Sixteen point murations
were identified, comprising rwo nonsense mutations
(R+3X and R1966X), five missense mutations ({T2331,
D342Y, G1850V, W2229S5 and G23235C}, five nuc-
leotide detetions {1 143delT, 1187-8delACAC, 1191~
4deld, 1438delGA and 1534delA), three nucleotide
insertions (14394 linsd, 1934insTA and 2243ins-

ACTAY and one splicing defect {{VS13+1G>T). Nine
musactions (12330, D342Y, ! 143delT, 1458delCA.
1334del A, 1934insTA, W22295, 22135insACTA and
(G2323C) were novel, firsdy idencified in Thai
patients. The genotypes were found to correlate with
clinical phenotypes in a majority of cases. However,
in five patients the molecular defects did not correlate
with clintcal severity and FVIIEC level. Cellular and
molecular mechanisms were proposed o be respoa-
sible in amelioration of clinical severity caused by
deletenious mutations. Carrier detection by direct
mutation analysis was also demonstrated.

Keywords: factor VIII, FVIII gene, haemophitia A,
mutation, Thai

Introduction

Factor VUI (FVIII mutarions causing haemophilia A
(MIM *306700; F8C) are heterogeneous [1,2] (see
also hupiffeuropium.csc.mec.ac.uk). Gene inversion
results from intrachromosomal inversion berween
homologous sequence in intron 22 (int22h-1} of
FVIIl and one of its two relomeric inverted copies
(int22h-2  and ine22h-3) [3-3) is most frequent,
identihed in aboutr 43% of the severe haemophiiia A
cases. Recently, a new type of FVII[ gene-inversion
with breaking site in intron 1 accounting for
about 3% of severe cases of haemophilia A was
reported [6]. [n addition, a spectrum of other FVII/
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pathological defects described is characterized bv an
extensive heterogeneiry with a predominance of
povate muraticns and a relacvely high rate of de
novo sequence alterations [2].

To understand genotype and phenotype correla-
tion and to develop methods for direct muration
analyvsis, we analysed FVI[J in Thai patents with
haemophilia A. Here, we report a coliective data
from our studies during the past several vears.
Although generally genotypes in a majoricy of the
cases of haemophilia A in Thai correlate well wich
clinical phenotypes, a group of five patients with
deleterious FVI/{ murtations had moderate clinical
severity, Cellular and molecular mechanisms were
proposed to account for the amelioration of the
disease sevenity in these parients. In addiston to
carrier  detection by linkage analysis regutarly
performed in families with haemophilia A under
our care, direct mutation analysis has been
applied to the families with identified FVII{ muta-
tions. As examples, the direct muration analyses in
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three families with haemophilia A were also
demoastrated. :

Matenals and methods

Subjects und blood samples

The subjects included in this study were patients with
haemophilia A and their families who attended the
Hemarology Clinics of the Department of Pediacrics,
Faculty of Medicire Siriraj Hospital, Mahidol Uni-
versity, Bangkok, The diagnosis of haemophilia A
was based on clinical, haemarological and coagula-
tion hndings. FVIIT actviey (FVILCY was determined
bv one-stage cloting assay [7]. Commercial plasma
with 0% and 100°% FVIILC were used as controls in
the clotting assav. A standard curve was constructed
from the control plasmas with different FVILCs for
estimation of FVIIEC in the parients” plasma.
Variable numbers of parients were studied by
different molecular methods (described below), which
were conducred as separate projects at different times
during a period of several vears. About 15 mL of
blood samples were collected with informed consent
for mRNA and genomic DNA preparations. Toral
RNA was extracted from isolated lymphocytes by
using Trizol'™ reagenr (Gibco BRL, Gaithersburg,
MD, USA). Genomic DNA was prepared from the
remaining white blood cells by the standard phenol-
chloroform extraction procedure. DNA linkage was
analvsed by using both intragenic and extragenic
polymorphic DNA mackers in the FVIII region {8],
which included Bef I-RFLP in intron 18 {9), micro-
satellites (CA repeats) in inzrons 13 and 22 (10,11
and extragenic Sci4 (DXS 52) VNTR |12]. Haplo-
types in the FVIII region were constructed by using
Cyrillic 2 program {Cherwell Scientific Publishing).

Analysis of FVIII deletion

FVIII deledon was analysed by multplex PCR
method; the derails of this analysis have been
described previousiy [13].

Analysis of FVII intron 22 inversion

EFVIillintron 22 inversion was examined by Southern-
blot hybridization {3]. Genomic DNA samples were
digested with Bel 1, electrophoresed on agarose gel,
rransferred o z nylon membrane, hybridized with
2% P dCTP-labelled p482.6 probe (ATCC, catalogue
no. 57203) and subjected to autoradiography. The
result was examined and interpreted as previously
described [3].

Haemophstia 12003, 9, 179-146

Analysis of FYIII point mutations

FVII coding and essential sequences isolated by
long-range reverse transcriptase-PCR (RT-PCR) and
PCR were used for analysis of point mutations by
single strand conformation polvmorphism {SSCDY
and nucleotide sequencing as described previousty
[14}. Full-length FVIII-<DNA {9 kb) was synthesized
from total RNA by Superseripe I kit (Gibeo BRL)
using oligo(dT}ya- 3 primer. The cDNA was further
amplified by long-range PCR using 2 pair of primers
flanking the FVIII open reading frame. The coding
sequences benween exons 1 and {3, and berween
exens 13 and 26 were isclated into four fragments by
nested amplifications from the product of long-range
PCR by using four pairs of primers as described {13].
The sequences ot putative promocer. exon 14, and
the polvadenvlation signal region of FVIII were
amptified from genomic DNA |13].

EVIII mutations were screened by a non-radioac-
tive SSCP analvsis {14]. All the amplified fragments.
except for the pelvadenvlation signal region. were
digested with multiple restriction enzvmes in order o
generate fragments with suitable sizes for the SSCP
analvsis. The fragments showing abrormal elec-
trophoretic mobility on SSCP gel compared to
normal control fragments were subjected to nucleo-
tide sequencing by either a manual method or an
automated sequencer (ABI 377, PE Applied Biosvs-
tems).

Amino acid sequences of human, murine and pig
factor VIII; human. murine and bovine factor V; and
human and rat ceruloplasmin were transtared from
mRNA or cDNA sequences retrieved trom GenBank
and EMBL dacabases {accession numbers: M14113,
L05373, U49517, M16967, U32925, M81441,
M13699 and L33869, respecrively) for analysis of
conserved motifs by Clustral X, multiple sequence
alignment program [16].

Evaluation of genotype and phenotype correlation

The correlation berween molecuiar defecrs identified
and clinical phenotvpe of haemophilia’ A in the
patients was evaluated. Severity of the molecular
defects was considered from their cypes of mutarcions
and effects on FVIf{ expression and FVII protein
structure and function. The criteria for grading
clinical phenotypes were based on clinical manifes-
tations, bleeding frequency and plasma FVIILC
activity. For quality control, FVIILC acuvities were
normally measured in the presence of positive (100%
FVILC) and negative {0% FVII:C) control plasmas.
[n case of Joubt, the FVIIL:C assay would be repeated
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once or more using plasmas from the same patient.
The FVILC activities of <1%, 2-5% and 6-=30%
were generally associated with severe, moderate and
mild disease, respectively. The patient wicth miid
haemophilia A had only occasional post-traumatic
bleeding while the patienc with moderace disease
would have post-traumatic and occasional sponta-
neous bleeding episodes. The patient with severe
disease had frequent spontaneous bleeding episodes,
which usually required FVIII replacernents.

Cuarrier detection bry mustation analysis

Different techniques. inciuding PCR-SSCP, hetero-
duplex analysis (HA), and allele specific amplihca-
ticn (ASA), were performed tor analvsis of FVIIf
murations inherited in the affected families for the
purpose of carrier detection. Derails of the proce-
dures and parts of the results have been described in
our previous wocks [17,13].

Results

Altogether, 70 families containing 78 patients with
haemophilia A were studied. Of these 70 families,
two were families with mild, 16 with moderate and
32 with severe disease. All 70 families were screened
for FVIII gene deletion bv multiplex PCR bur 39
were examined for FVII[ intron 22 inversion by
Southern-blor hybridizatdon. The patents with mild
haemophilia A and some with moderate and severe
disease were not studied for FVII intron 22 inver-
sion. Twenty-seven families were analysed for point
murtations by RT-PCR and SSCP method; 23 of 27
families had been excluded for the FVII intcon 22
inversion but three were not examined for this
tnversion,

FVIII gene deletion was found in only one of 70
families with haemophilia A when screened with
mulaplex PCR that simulcaneously amplified
sequences of seven exons [13}. The pacient with this
delerion had severe haemophilia A. The deletion
spanned 2.2 kb DNA region extending from exon 26
to the 3 non-coding sequence of FVIIf [13]. FVIiI
intron 22 inversion was observed in 16 of 59 (27%)
families with moderate and severe haemophilia A. Of
these, 47 families had severe haemophilia A and 12
families had moderate disease. Considering only the
families with severe disease, the FVI{I intron 22
inversion was found in 14 of 47 families {29.8%]).
The FVIII intron 22 inversion type [ (distal) was
found in 14 families (87.5%) while type Il was seen
in ewo families {12.5%). Surprisingly, gene inversion
(type [) was aiso detected in cwo. patents with

© 2003 Blackwelt Publishing Lid
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moderate disease, with FVIIL:C of 3,7% and 3.0%. A
de novo FVIII incron 22 inversion type [ might be
present in one family where it was observed only in
the affected child but not in the mother. However, a
marernity testing has not yet been carried out to
conhrm their biological refationship.

Point mucations of FVIII were analysed by
RT-PCR and SSCP fotiowed by nucleotide sequen-
cing ia the families with haemophilia A that did not
have FVIII gene deletion or intron 12 inversion. A
toral of 16 mutations were identified in 16 our of 27
tamilies studied (Table 1) In the remaining i1
tamilies, mucarions have not been found: this might
be because of the sensitivity of the screening PCR-
SSCP method used. The sensitiviry of detection by
this method was abour 60%6 The muratons chat
were identified comprised two nonsense mutations
(R-3X aznd RI1966X), hve missense murtarions
(T233, D342Y, GI1830V, W2219S and G2325C),
five nucleodde deietions (F145delT, 1i87-8delA-
CAC, 1191—tdelA, 1438deiGA and 1534delA), three
nucteotide insertions ({1439—linsA. 1934insTA
and 2243i0sACTA) and one splicing defect
{IVS154+1G>T). One nonsense, R-3X, mutation was
found o be associared with a moderate haemophilia
A phenotype with a repeatable FVIIL:C of 2.8%
while the patient’s mocher did nor carry this alter-
ation, indicating a de novo mutation. Two frame-
shift (1191-4delA and 1439—1linsA) mutations,
instead of causing severe haemophilia A, resulted in
moderate clinical phenorype with FVILC of 4.2%
and 2.8%. All missense mutations occurred in
conserved amino acid sequences, Nine murations
including T233, DS42Y, 1145delT, [458delGA,
15334delA, 1934insTA, W22295, 2245insACTA
and G2325C were novel and had never been
cbserved in other populartions but were firstly iden-
tifted in Thai patients. We have submirted some of
these muzations to the HAMSTeRS database. As the
number of patients analysed by each methed was not
equal, the overall efficiency of the mutation detection
techniques could not be estimated accurately; per-
haps, it was lower than 50%.

After FVIII mutations were identified, carrier
detection by direct muzacion analysis was performed
by suitable techniques. As examples, three techniques
(PCR-SSCP, HA and ASA)} were conducted for direct
mutation analyses in three families (family rumbers
21, 72 and 14) with different types of murtations
(W2229S, 1187-8delACAC and T233L, cespect-
ively). The results are shown in Fig. 1. In families
21 and 72 (Fig. 1a,b}, three female carriers each were
detected and/or confirmed; in family 14 (Fig. 1¢), two
female carriers and one non-carsier were idencified.

Haemaphilia (2003}, 9, 179186
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Table 1. Murtations of FVIII in 17 Thai families with haemophilia A (FVH! incron 22 javersion was not included).

Family Type Clinical FVILC
number af muration Mueation Exon Cadon” Domain severity (%)
3 Nonsense CGA = TGA(R-5X) 1 -5 Signal® Modecace 2.8
L4 Missense ACA = ATA (T233D 3 233 Al Moderare x5
29 Missense GAT = TAT (D542Y) 11 542 Az Severc <l
7 Feameshifr 1-bp deletion (T) 1+ 1145 B Severe <l
72 Frameshift +bp deletion {ACAC) 14 1187-8 B Severe <l
kel Frameshift 1-bp deletion {A} 4 11914 B Moderare 42
15 Frameshift 1-bp inserrion (A) 14 143931¢ B Moderare 28
33 Frameshift 2-bp deletion (GA) t4 1458 B Severe <}
13 Frameshift 1-bp dederion {A) 14 1534 B Severe <1
8 Splidng Jefect IVS15+1G>T (ti-16) 1721-1738) Al Severe <}
49 Missense GGC - GTCIGL850V) 17 1850 A3 Severe <l
70 Frasmeshife 2-bp inserrion (TA) ts 1934 A3 Severe <l
i Nonsense CGA - TGAR1966X) L8 1968 Al Sovere <l
2 Missense TGG = TCG (W15 25 212y [o) Muoderace 4.0
ar Frameshifr +-hp inserrion 1ACTA) x5 2343 c Severe <1
23 Missense GGC — TQCIG23250) b 1315 c2 Moderate 3
33 Deletion >22 kb deletion 26-3 und 12231-2332) c2 Severs <l

*Codons are numbered as described | 14].
#Signal pepride.

Discussion

Mutarions of FVII! in Thai patients with haemophi-
lia A were analysed in order to understand molecular
defects, evaluare genotype and phenotype correlation
and develop methods for direct mutation analysis.
The FVIII mutations identified in the Thai patients
included a partiai (>2.2 kb} gene deletion in one
patient, intron 22 inversion in 16 patients and
various rypes of point mutations in 16 patients.
FVIII gene deletion in the Thai patients was rare,
simitar to that found in other ethaic groups {1,19].
The FVIIT intron 22 inversion, the most common
mutation in the patients with severe haemophilia A
accountng for 45% of the cases [20-23], was
observed in about 30% of the Thai pacients with
severe disease. The lower percentage of this mutation
in the Thai patients might be because of its variation
in different echnic groups or perhaps relatively
greater clinical severity causing morrality, which led
to reducnion in frequency of the defective allele. The
new type of FVIII gene inversion with breaking
site in intron 1, which accounts for 5% of severe
haemophitia A {6}, has not been determined in Thai
patients. It is interesting to analyse the FVII[ intron 1
inversion in our pacgents in the near future.

The correlation between genotype and phenocype
in the Thai patients with haemophilia A was evalu-
ated. It was found that in a majoriry of patients
molecutar defects of FVIII corretated well with the
clinical phenotypes and FVILC level. The patients

Haemuphilia (2003), 9, 179-136

with the FVIII gene delerion {one case), intron 22
inversion (14 cases), nonsense mucation (one case),
frameshift muration (six cases) and splicing defect
(one case} presented with severe clinical phenocypes
(e.g. frequent spontaneous bleeding episodes) with
FVUE:C <1%. These murations caused serious effects
to the gene, totally disrupted gene expression and
thus resulted in a complere FVIII deficiency.

The partients with missense mutatons might cause
eicher severe (two cases) or moderate {three cases)
clinical phenotype (Table {}, depending on types of
amino acid substitutions, their positions and roles in
the protein structure and function. In the group with
severe clinical phenorype, two missense mutations
(D542Y and G1850V} were substitutions of hvdro-
philic negatively charged and non-hydrophobic amine
acids by hydrophobic amino acids in the highly
conserved regions of A2 and A3 domains of the FVIII
protein, respectively.

In the group with moderate clinical phenotype, one
missense {T2331) was a substtution of polar hydro-

-philic amino acid by hydrophobic amino acid in

domain Al. Although it was a non-consecrvative

. amino acid change, the region where T223 locates is

less conserved, connected to a region of non-
conserved amino acid sequence in the FVIII protein.
One missense mutation {W22295) was a substitution
of an aromatic hydrophobic-neurral amino acid by a
polar hydrophilic-neutral amino acid and the other
(G2325C) was a substitution of aliphatic-neutral
amino acid by potar hydrophobic-neutral amino

© 2003 Blackwell Publishing Ltd
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Fig. 1. Carrier derection by direct mutation analvsis of FVIII in
three Thai families with haemophilia A {family numbers 21, 72
and [4) carrying three different mutations (W2229S, {187-8del-
ACAC and T2331, respectively) by three rechniques: (a) SSCP, (b}
HA and () ASA. Arrows in "2" and "b" indicate mobilitv shifrs of
single-stranded DNAs and hererodupiex DINAs, respectively. In ¢,
each DNA sample was separarely amplified by wild-rvpe {Wr} and
mutane {Mr) primers paring with 2 common primer, as well as 2
pair of internal concrol primers. Female carrier showed positive
amplifications by both pairs of primers, while normal fernale or
affected male showed a positive amplification for wild-tvpe or
rautant primers, respectively. The symbols used are as follows:,
O =normal male;, W =affected male; ® =carrier, g =dead male,
# =dead carrier.

acid. Both substitutions were in the C2 domain of the
protein. Although W2229S might result in change of
hydrophobiciry, this might not be strictly crucial as it
was located within a less conserved sequence, flanked
by several charged amino acids. Although G2325C
created additional cysteine, with potential t¢ disrupt
normal disulphide bending, a normal cysteine
(C2326) was also located next ro this substtution.
Thus, if the disulphide bonding was formed, one of
the two cysteines, either C2325 or C2326, might be
used. However, the two adjacent cysteines might not

© 2003 Blackwell Publishing Led

exactly behave the same since the G2325C substitu-
tion caused a reduction of FVII:C actvity although
it was not rocally lost. These three amino acid
substrutions probably occurred in the posidons that
were less critical than those of the first two substi-
tueions.

However, there were Ave patients whose molecutar
defecrs of FVIII did not cocrelace with the clinical
phenotype and FVIILC level. Instead of having a
severe clinical manifesration wich complere absence
of the FVIII activity, two patients with FVIII intron
22 inversion. one with nonsense {R-3X} muration
and two wirth frameshift (L191—delA and 1439-
+1linsA) murations had a moderate severiry, withoue
frequent  spontancous bleeding  episodes.  with
FVILC of 3.7%, 3.04., 2.8". 4.2Y and 1.3%.
respectivelv. The FVII:C assavs in rhese parients
were repeated twice or more and the gualiey of
the assavs was well concrolled. Four patients were
sporadic cases, except for one with frameshife (1439-
41linsA) muratien.

These mutations were deleterious and would
completely inactivare the gene. The FVIIl procein
and activity should not be present in these parients.
The possible explanarion for moderare severicy with
considerably high FVIIL:C in the frst three cases,
two with the FVIII intron 22 inversion and one with
nonsense (R-3X) mutation, would be that these
patients carried de novo mutatons with somatic
mosaicism when the murations occurred post-zvgot-
ically [19,24.25]. The FVIII protein would possibly
be synthesized from the cells bearing normal FVIII
allele. Although there was no evidence for a de novo
muzacion in the fwo patients with FVIi] intron 22
inversion since their families were not available for
the studies, there was a clear evidence supponing
a de novo alteration in the panent with nonsense
(R-5X) mutarion [14,17] that the murtation was not
observed in the patient’s mother who inherired the
same FVIII haplotype to the patient {17]. Thus, the
present of FVIIL:C activity might be because of post-
2ygoric somatic mosaicism in this patient. In addi-
tion, a de novo FVIII intron 22 inversion with usual
severity was possibly also present in one family in
this study although this still requires a confirmation
for the biological relationship. Post-zygotic de novo
FVII intron 22 inversion as the cause of somartic
mosaicism in a female carrier has been documen-
ted {26}. A relatively high frequency of de novo
sequence alterarions and somaric mosaicism in
haemophitia A [19,27] makes it most likely to be a
cellular mechanism ameliorating severity of the
disease caused by these harmful mutations in Thai
patients.

Haemophilia (2003}, 9, 179-186
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Two patients with frameshift (1191-4delA and
1439-41insA} mutations would create premature
termination at codons 1198 and 1442, respectively,
resulting in FVII protein truncations, which would
cause a severe clinical phenotype. However, these
frameshift mutations were observed in the two
patients with moderate clinical phenotype with
FVII:C of 4.2% and 2.8% and absence of frequent
spontaneous bleedings. The deletion and insertion of
‘A’ nucleotide in these two frameshift mutations
occurred in the sequences within the runs of 9 As {ac
codons 1191—%) and 8 As (at codons 1439—41) in
exon 14 of FVIII, respectively [28]. There are many
cases with an "A’" deletion or inserdon in the cun of 9
As at codons 1191—, and with an A" insertion in
the run of 3 As ar codons 1439—1 listed in the
Hemophsia A Dambase {hap/feuropium.cse.mocacuk).
Manv cases with chese mucations were associated
with severe haemophilia A but the EVIIL:C activiey
was not recorded in several cases. However, there
were several cases with these mutations that had the
FVIIEC acrivities berween 2 and 5%. In addition,
there was at least four cases with these mutations thac
had moderate clinical phenotype. Thus, it 1s certain
thar there were cases carrving these muragons with
higher FVIIL:C activines than that of other severe
cases and some of these patients aiso presented
moderate clinical phenorvpe. The deletion and inser-
tion in these runs of polyA nucleotides weze likely to
cause moderate clinical phenorype in the patients of
the present study due o a partial correcdon of
translational ceading frame because of errors during
FVIl experession. A pamial correction of a severe
molecular defect, a deletion of T nucleotide at codon
1441 (1441deiT) within an ASTA2 sequence in exon
14 of FVII, due 1o errors during FVII{ expression has
been reported previously [29]. This nucleotide dele-
tion was characrerized in Japanese patients with

mild to moderately severe haemophilia A. The -

delerion of *T" nucleonide at codon 1441 (1441delT}
in the A8TAZ sequence resulted in the consecutive
running of 10 As, and a significant number of
in-frame mRNA transcripts was produced in the
patient. The authors concluded thar the errors in
DNA replication or RNA transcripeion/transiation
resulted in a partial restoration of the correct
reading frame and in amelioration of the severe
clinical phenotype. The same molecular mechanism
is thus likely 1o also occur in che two Thai patients
with haemophilia A, who had the frameshift
(1191-4delA and 1439-41insA} mucations with
the moderate clinical phenorype. Thus, the reduc-
tion in severity of disease in the patients carrying

Haemophilia (2003), 9, 179-186

deleterious mucations may naturally involve either
cellular or molecular mechanisms.

Linkage analysis has been used for haemophilia A
carrier detection [30,31]. In our recent work [17], we
have demonstrated that direct mutation analysis was
also feasible for determinarion of haemephilia A
carrier status. Caerier detection by direct murarion
analvsis was successful in almost all families with
known FVIII mutartions and as additional examples
this was demonstrated in three tamities (Fig. 1). The
PCR-S5CP and HA techniques are efficient for
derection of the muracions that change, cespectively,
single- and double-stranded DNA molecules. Nuc-
feotide substiturions in some rvpes and positions
would be derected by PCR-SSCP while nucleotide
deletionsfinsertions are more likely to be detected by
both PCR-SSCP and HA. ASA is a more universal
technique applicable to all tvpes of point murations
when the primers are well designed and PCR condi-
tions are rightly optimized. These three rechnigues
can readily be performed in a general molecular
genetic laborarory, requiring unsophisdcared equip-
ment. In an advanced laborarory, more efficient,
automated analytical techniques such as denaruring
high-pressure liquid chromatography {32] and DNA
sequencing (33,34] would be the methods of choice.
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Abstract We have previously demonstrated that compound heterozygous (SAQ/G701D) and
homozygous (G701D/G70D) mutations of the anion exchanger 1 (AEI) gene, encoding
erythroid and kidney AE1 proteins, cause autosornal recessive distal renal tubular acidosis
{AR dRTA) in Thai patients. It is thus of interest to examine the prevalence of these
mutations in the Thai population. The SAO and G701D mutations were examined in 844
individuals from north, northeast, central, and south Thailand. Other reported mutations
including R602H, AV850, and A858D were also examined in some groups of subjects. The
SAO mutation was common in the southern Thai population; its heterozygote frequency was
7/206 and estimated allele frequency 1.70%. However, this mutation was not observed in
populations of three other regions of Thailand. In contrast, the G701D mutation was not
found in the southern population but was observed in the northern, northeastern, and central
populations, with heterozygote frequencies of 1/216, 3/205, and 1/217, and estimated allele
frequencies of 0.23%, 0.73%, and 0.23%, respectively. The higher allele frequency of the
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G701D mutation in the northeastern Thai population corresponds to our previous finding that
all Thai patieats with AR dRTA attributable to homozygous G701D mutation originate from
this population. This suggests that the G701D allele might arise in northeastern Thailand. The
presence of patients with compound heterozygous SAO/G701D in southern Thailand and
Malaysia and their apparently absence in northeastern Thailand indicate that the G701D allele
may have migrated to the southern peninsular region where SAQO is common, resulting in
pathogenic atlelic interaction.

Keywords Anion exchanger | (AE1) - Band 3 protein - Southeast Asian ovalocytosis
(SAQ) - Distal renal tubular acidosis - Thai

Introduction

The human anion exchanger 1 (AEI or SLC4A1; MIM 109270) gene, located on chromosome
17921 (Lux et al. 1989), encodes AE] or band 3 protein in erythrocytes and ¢ -intercalated
cells of kidney (Sahr et al. 1994). Erythroid AEI (eAE1) contains 911 amino acids, whereas
kidney AE1 (kAEL) lacks 65 amino acids at its N-terminus {Kollert-Jons et al. /993) because
of the use of different promoters {(Sahr et al. /994). The promoter for eAE! is upstream of
exon 1 and that for KAE] is within intron 3 of the gene. AE] is an integral membrane
glycoprotein containing a long cytoplasmic N-terminus (~400 amino acids}), 1213
transmembrane domains, and a short cytoplasmic C-terminus (~35 arnino acids). In
erythrocytes, eAE] forms dimers, tetramers, or higher oligomers on the cell membrane; in

addition to having an anion (CI'/HCO™,) exchange function, these eAE1 oligomers serve as

anchor proteins of the cytoskeleton network, binding to ankyrin, bands 4.1 and 4.2, and
cytoplasmic proteins (Tanner /993, /997). In the a-intercalated cells, kAE] is located at the

basolateral membrane (Kollert-Jons et al. /993) and functions in anion (CI'/HCO™,)
exchange. '

Because of the expression of AE1 in two different cells with distinct functions, AE1
mutations show pleiotrophic effects resulting in two distinct and seemingly unrelated
phenotypes: hereditary spherocytosis (or other forms of erythrocyte abnormalities) and distal
renal tubular acidosis (dRTA). AE1 mutations have been found to account for approxirately
20% of spherocytosis and aimost all ovalocytosis in southeast Asia (Tanner 1997; Tse and
Lux /999, Bruce and Tanner [996). Southeast Asian ovalocytosis (SAQ), a well-known
erythrocyte disorder that is widespread in the southeast Asian regions, is caused by a deletion
of 27 bp in codons 400408 in exon 11 (Ex11 A27) of AEI leading to an in-frame lack of 9
amino acids in the protein (Jarolim et al. 1997}, which is inactive for anion transport. AE!}

mutations also result in dRTA, because the defect in AE1 affects anion (CI/HCO™,)
exchange at the basolateral membrane of the @-intercalated cells in the distal nephron of the

bicarbonate (HCO,") within these cells may lead to the reduction of carbonic acid (H,CO,)

dissociation and hydrogen (H*) ion secretion at the apical membrane of the cells and, finally,
to acidosis.

During the past few years, abnormalities of AE/ associated with dRTA have been extensively
investigated, and its mutations have been found in several kindreds with autosomal dominant
(AD) dRTA (Bruce et al. /997; Jarolim et al. /998; Karet et al. /998). The characterization of

Karet et al. /998) with missense mutations in codon 589 (R589H, R5898, R589C), one
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family (Bruce et al. /997) with an S613F mutation, and another family (Karet et al. /998)
with an 11-amino-acid deletion at the carboxy terminus (R901X}. Functional analysis of

R589 mutations, however, has revealed only a modest reduction in AE1-mediated 360
transport when expressed in Xenopus oocytes, whereas the S613F mutation is associated with
the upregulation of anion transport. The mechanism by which mutant AE1 causes AD dRTA
may involve impaired trafficking of the protein to cell surface and a dominant negative effect
attributable to the formation of heterodimers between mutant and normal proteins (Quilty et
al. 20024, 2002H).

A novel AE] missense mutation linked to autosomal recessive (AR) dRTA and xerocytic
hemolytic anernia in which red cell anion transport is normal has been reported in a Thai
family (Tanphaichitr et al. £998). The two affected individuals, siblings of the same family,
are homozygous for the functionally defective mutation, G701D (band 3 Bangkok T}. The
AE] G701D mutation results in inactive anion transport caused by impaired protein
trafficking as shown by expression studies in Xenopus oocytes. Co-expression of AE! G701D

with the erythroid AE! chaperonin, glycophorin A (GPA), rescues both AEl-mediated CI™
transport and AE1 surface expression in cocytes.

Co-existence of SAQ and dRTA is not normatly found in the same individual. However, the
two conditions can co-exist as the result of compound heterozygosity between SAO and other
AE] mutations. Our group has recently described a novel compound heterozygosity of AE]
mutations causing AR dRTA in patients with SAQ (Vasuvattakul et al. /999). Two clinically
affected individuals from two unrelated families from southern Thailand had one AE] allele
with an SAO mutation and the other allele with the missense G701D mutation
(SAO/G701D). The patients with this compound heterozygosity presented with ovalocytic
red cells and metabolic acidosis with failure to thrive and hypokalemia. However, they had
no sign of hemolytic anemia. SAO/G701D and other genotypes including SAO/ AV850,
SAQ/A858D, AV850/A V850, and AVE50/A858D have also been observed in Malaysian
and Papua New Guinean patients with dRTA (Bruce et al. 2000).

We have recently identified an additional seven patients with AR dRTA from five families
exhibiting the homozygous AE7 G701D mutation in Thailand (Yenchitsomanus et al. 2002).
Norne of the patients had xerocytic hemolytic anemia, which was found in two patients with
the homozygous AE]l G701D mutation previously documented (Tanphaichitr et al. /998).
This different finding may be attributable to the patients that we studied also not being
homozygous for hemoglobin E, as were both patients in the previous work (Tanphaichitr et
al. 1998). A new patient with AR dRTA resulting from the same genotype as that of another
family has recently been identified (unpublished). It is of great interest that all Thai patients
with AR dRTA attributable to homozygous AEZ G701D mutation originate from northeastern
Thailand, and those that result from compound heterozygous SAO/G701D mutations inhabit
southern Thailand (Vasuvattakul et al. 1999) and Malaysia (Bruce et al. 2000), a southem
neighboring country of Thailand. This has led to the suggestion that the AE] G701D mutation
might be of ancient origin (Yenchitsomanus et al. 2002), and that it might have evolved in
this region of southeast Asia, especially in Thailand. To investigate the prevalence of the
SAO and G701D mutations, their migration, and their interaction, we have therefore analyzed
these two mutations in the Thai population.

Materials and methods

The subjects were healthy individuals who were school and university students and blood-
donor volunteers anonymously recruited with informed consent. The persons who were not
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native of relevant regions were excluded. Altogether, 844 subjects from four geographic areas
of Thailand (Fig. 1), including 216 individuals from Chiang Mai (north), 205 from Khon
Kaen (northeast), 217 from Bangkok (central), and 206 from Songkia (south) were studied.
Blood samples (5—10 ml) were collected from these subjects. DNAs were prepared from
leukocytes by the standard method of proteinase K digestion, phenol/chloroform exiraction,
and ethanol precipitation and used for analyses of AE] mutations.

Chiang Mai

Khon Kaen

Bangkok

Songkla

Fig. 1. Map of Thailand showing the four geographic regions, viz., Chiang Mai {North}, Khon Kaen
(Northeast), Bangkok (Central), and Songkla { South), from which blood sampies were collected for
AET analysis

Previously, we had identified and reported several cases with compound heterozygous
(SAO/G701D) and homozygous (G701D/G701D) mutations of AE] (Vasuvattakul et al.
1999; Yenchitsomanus et al. 2002). The AE] mutations in the patients were initially screened
by the polymerase chain reaction/single-stranded conformation polymorphism (PCR-SSCP)
technique and characterized by nucleotide sequencing. We had also developed simple
methods for detection of the SAQ (Vasuvattakul et al. /999) and G701D (Yenchitsomanus et
al. 2002) mutations. These methods were therefore empioyed in the present study. In
addition, the DNA samples with known SAO and G701D mutations were used as controls for
the AE] analysis. The SAO (or Ex11 A27) mutation was analyzed by amplification in

exon 11 region of AE/ by PCR. The sequences of forward and reverse primers used were: 5'-
CCTCACCTCCTCCAGCTACTCC-3' and 5'-CAGAAGTTGGGGCTGAGACAGAG-3,
respectively. PCR was performed as previously described (Vasuvattakul et al. {999). The

PCR products were detected by agarose-gel electrophoresis, stained with ethidium bromide,
examined on a UV transilluminator, and recorded by photography. The ampiified DNA
fragment of normal exon 11 was 318 bp in length, whereas that of SAC was 291 bp. The
sample with the heterozygous SAQ mutation showed fragments from the normal exon 11
(318 bp) and the deleted exon 11 (291 bp).

The G701D mutation was analyzed by amplification in exon 17 region of AL/ by PCR and
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digestion with restriction enzyme Hpall before delection by agarose-gel electrophoresis as
described above. The sequences of forward and reverse primers used were: 5'-
TGGGCTCAACTATATGAACC-3' and 5-TTGATACCTTTTTGAAGGGG-3', respectively.
The amplified product was 321 bp in length. In the absence of the G701D mutation, the
amplified product could be digested with Hpall, producing two fragments of 254 bp and

67 bp in length. In the presence of the G701D mutation. the enzyme could not cleave the
amplified product, because the restriction site was abolished, and the product remained

321 bp long. The sample with heterozygous the G701D mutation showed three fragments of
321 bp, 254 bp, and 67 bp.

Since other genotypes with compound heterozygosities, including SAO/R602H (Prapon
Wilairat 2000), SAO/ A V850, SAOQ/AS858D, AVE50/AV8E50, and AVE50/A858D (Bruce et
al. 2000), were identified, by dRTA, in the patients from southern Thailand, Malaysia and
Papua New Guinea. the R602H, AV850, and AS58D muiations were also examined in the
scuthern Thai population in the present study. The methods used were allele-specific
amplification (ASA) for R602H. SSCP for AV850, and PCR followed by Bg/l digestion for
AB38D.

The allele frequency of each mutation was calculated from the number of individuals carrying
the mutation in the subject group from four geographic regions. The eccurrences of
homozygosity of SAO and G701D were also estimated from their allele frequencies.

Results

The results of AE] analyses for the SAQ mutation by PCR and ¢lectrophoresis and for the
G701D mutation by PCR followed by Hpall digestion and electrophoresis are shown in

Fig. 2. The analysis of the SAO and G701D mutations in DNA samples from 844 subjects
demonstrated that the two mutations were present in the heterozygous condition in seven and
five individuals, respectively (Table 1). All seven SAQ heterozygotes were found in the
southern Thai population: none was observed in the studied populations from other regions of
Thailand. Of five G701D heterozygotes, one was found in the northern, three in the
northeastern, and one in the central populations. The G701D mutation was not detected in the
southern population. The allele frequency of SAQ in the southern popuiation was 0.0170,
whereas the allele frequencies of G701D in the northern, northeastern, and central
populations were 0.0023, 0.0073, and 0.0023, respectively. Although the SAO muration was
found to be common in the southern Thai population, the G701D mutation had a higher allele
frequency in the northeastern Thai population than in the populations of other regions.

A. SAO mutation
1 2 3 4 5 6 7 8 9 14

hetercduplex
318 bp

291 bp

B. G701D mutation
1 2 3 4 5 6 7 8§ 9 10
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Fig. 2A, B. Analyses of AEY SAO and G701D mutations. A The SAO mutation was analyzed by
amplification in the exon 11 region of AE7 by PCR and agarose-gel electrophoresis. Lane 1 Standard
DNA markers, PhiX174/Haelll, lane 2 a normal control sample. showing a fragment of 318 bp, fane 3
sample from an individual with a known heterozygous SAO mutation, showing two fragments of
318 bp and 291 bp and two bands of hateroduplex DNA, fanes 4—10 samples from seven subjects
with heterozygous SAO mutations, showing the same pattarn as that in fane 3. B The G701D mutation
was analyzed by amplification in the exon 17 region of AE? with PCR, followed by restriction enzyme-
Hpal! digestion and agarose-gel electrophoresis. Lane 1 Standard DNA markers, PhiX174/Haelll, lane
2 undigested normal control sample, showing a fragment of 321 bp, fane 3 Hpall-digested normal
contrel sample, showing a fragment of 254 bp but no fragment of 67 bp, lane 4 Hpall-digested sample
from an individua! with a known homozygous G701D mutation, showing only an undigested fragment
of 321 bp, lane 5 Hpall-digested control sample from an individual with a known heterozygous G701D
mutation, showing both undigested and digested fragments of 321 bp and 254 bp, respectively, lanes
6-10 Hpall-digested samples from five subjects with heterozygous G701D mutation studied, showing
the same pattern as that in fane 5

Table 1. AE7 SAO and G701D mutations in popuiations from four geographic regions of Thailand

Region _|[Number of JAE! mutation |
= subjects  |[SAQ lG701D |

Number of Allele Number of Aliele
heterozygotes frequency  |[heterozygotes frequency

INorth  |216 lo llo 1 ll0.0023 I

INortheast|[205 o o 3 0.0073

[Central 217 o o 1 [0.0023

[South {1206 7 0.0170 0 0

[Total  |[844 7 [0.0041 1B 100030 |

From their atlele frequencies, the occurrence of SAO homozygote was estimated 1o be 1 per
3,300 individuals in the southern Thai popujation and that of G701D homozygotes in
northern, northeastern, and central Thai populations to be 1 per 200.000, 1 per 20,000, and |
per 200,000, respectively.

The analyses of AEZ R602H, A V850, and A858D mutations in 206 subjects of the southemn
Thai population showed the absence of these three mutations in the subjects examined.

Discussion

Although AET defects are known to resuit in erythrocyte disorders. a great deal of atiention

has recently been paid to the analyses of A£7 mutations n the patients with dRTA. since
mutations of this gene have also been found o be involved in the pathogenesis of dRTA. The
A£1 abnormality thus shows a pleiotrophic effect, causing seemingly unrelated defects in (two

different cell types. However, the two disorders may co-exist in some individuals. Baehner
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and colieagues (1968) first recognized the association between erythrocyte abnormality and
first to suspect 2 common molecular basis for SAO and dRTA. The finding that c_:ompound
heterozygosity between the SAO and G701D mutations caused the combined defects of SAO
and dRTA was originally reported by our group (Vasuvattakul et al. /999). This was
confirmed and extended to other types of compound heterozygosity (Bruce et al. 2000).

al. 2000, Wrong et al. 2002) clearly indicate that a group of particular AE7 mutations could
cause AR dRTA, these mutations being different from the AE! mutations found to be
molecular mechanism by which different AE] mutations give rise to either AR or AD dRTA
remains to be elucidated.

Since several cases of AR dRTA caused by compound heterozygous (SAOQ/G701D) and
homozygous (G701D/G70D) mutations of AE] have been found in Thailand (Tanphaichitr et
al. /998; Vasuvattakul et al. /997; Yenchitsomanus et al. 2002), it is of great interest to study
the prevalence of the mutant (SAO and G701D} alleles in the Thai population. The results of
mutation analyses in the present study show that these two mutations are present in
considerable frequencies in the populations from different geographic regions. SAO is
common in the southern Thai population but it has not been cbserved in the populations from
three other regions. A previous study has shown that SAQ is not present in many ethnic
groups in Thailand (Kimura et al. /998); it has also not been found in a small number of
subjects {43 individuals) in an ethnic group from southern Thailand. In another study on SAO
in the southern Thai population, 44 of 1,556 individuals were reported to be SAO
heterozygotes (allele frequency: 0.0141; Nopparatana et al. /996). The allele frequency of
SAOQ in our study (0.0170) is slightly different from that found in the previous work. This
may be ataibutable to variation in sampiling. The high frequencies of SAO in southeast Asian
and Melanesian populations may be related to its selective survival advantage against malaria
infection; individuals with SAQ are less susceptible to cerebral malaria (Allen et al. /999).
SAQ homozygosity in southern Thai population would be expected, from its allele frequency,
to be about | per 3,300 individuals. However, SAO homozygotes have never been cbserved,
suggesting that it is a lethal condition (Liu et al. /994; Mgone et al. [996). The abnormality
in the SAQ homozygote may involve severe abnormalities of both erythrocyte and kidney.
The high prevalence of the SAQ allele in some regions of southeast Asia and Melanesia
where malaria is endemic, despite its homozygous condition probably being lethal, indicates
that a balanced polymorphism might occur in such regions.

In contrast, the G701D mutation has been detected in northern, northeastemn, and central Thai
populations but is not found in southern Thai subjects. It is not known whether this allele
confers an advantage against malaria infection. The ailele frequency of the G701 D mutation
in the northeastern population (0.0073) was higher than that in the northem and central
poputations {0.0023). The estimated occurrence rates of G701D homozygosity in the
northeastern, northem, and central Thai populations are | per 20,000, 1 per 200,000, and 1
per 200,000, respectively. In total, there should be several hundred cases of dRTA
attributable to the homozygous G701D mutation. However, the actual incidence rates of this
condition seem to be very low. Only a few cases have been observed. Ore explanation is
possibly that this disease is not noticed and that many children with this disease die at an
early age.

The higher allele frequency of the G701D mutation in the northeastern population was in
agreement with our observation that all Thai patients with AR dRTA resulting from the
homozygous G701D mutation were northeastern. Thus, the G701D mutation might anciently
originate in this population and might later have spread to other regions. If this is the case, the
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presence of compound heterozygous SAO/G701D in the southern Thai (Vasuvattakul et al.
1999) and Malaysian (Bruce et al. 2000) patients with AR dRTA and its apparent absence in
northeastern Thai patients indicate that the G701D allele might have migrated to the southern
peninsular region. The SAO allele, on the other hand, has not spread from southemn Thailand
to central, north, and northeast Thailand because the southern Thai people might not have
migrated to other parts of the country. The southern region is a highly fertile land and rich in
natural resources, when compared with other parts of Thailand, especially the northeastern
region. This has been an important factor in maintaining the population in the region. The
situation might change as people migrate for social, economic, and educational reasons. Thus,
the SAO allele constitutes a genetic background of the southern Thai population, providing
an increased chance for the occurrence of dRTA. The introduction of a new allele, such as
G701D, from the migration of the population from the northeastern and other regions to the
southern area will result in their pathogenic allelic interaction.
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