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HUMAN MUTATION Mutation In Brief #381 (2000) O nline

MUTATION IN BRIEF

Frameshift Mutations With Severe and Moderate
Clinical Phenotypes in Thai Hemophilia A Patients

Varaporn Akkarapatumwong ', Serasak Intorasoot’, Sumalee Oranwiroon?, Prapaporn
Thanootarakul’, Parichat Pung-amritt’, Gavivann Veerakul’, Chularatana Mahasandana’, Sakol
Panyim', and Pa-thai Yenchitsomanus ™*

'nstitute of Molecular Biology and Generics, Mahidol University, Salayg Campus, Nakhon Pathom, * Division of
-~ Medical Molecular Bioiog, epartment of Research and Development, “Division of Hematology, Department of
Pediatrics. Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand

*Correspondence to: Dr. Pa-thai Yenchisomanus, Division of Medical Melecular Biology, Department of Research and
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Six frameshift mutations in exon 14 of the factor VIII gene were identified in Thai
hemophilia A padents. Although all these mutations created premarure stop codons and
expected to cause severe disezse, the molecular defects and clinical severity were in
discrepancy in some patients . Four mutations (delT3490, delACAC3618-21, delGA4429-30,
and delAd658) were found in the patients with the severe clinicai phenotype while two
{delA3629-37 and insA4372-9) were observed in the patients who had moderate severity,
with FYIII:C of 4.2 and 2.8%. The frameshift mutations in these two patients were due to
deletion and insertion of an ‘A’ nucleotide in the stretches of 9As and 8As in codons 11914
and 143941, respectively. This iudicates that deletion or insertion in the stretches of poly A
nucleotides in exon 14 of the factor VIII gene is a likely cause of the moderate clinical
severity in some cases of Thai hemophilia A patients. © 2000 Wiley-Liss, Inc.
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INTRODUCTION

Hemophilia A is a common X-linked recessive bleeding disorder, caused by mutations in the factor VIiI gene
(MIM # 306700; approved symbol, FEC), affecting approximately 1-2/10,000 male births in ail ethnic groups
{Antonarakis et al,, 1995, Kembail-Cook ¢t al_, 1988; http:/europium.cse.mre.~c.uk). The factor VI gene which
is located on Xq28 consists of 26 exons, spanning 186 kb (Gitschier et al,, 1984; Toole et al., 1984). Its mRNA
{~9 kb) encodes a precursor protein of 2,351 amine acids with 19 residues of a hydrophobic leader sequence at the
N-terminus. The factor VIII protein is divided into six distinct domains arranging in order of A1-A2-B-A3-C1-C2
{Vehar et al,, 1984). Murations of the factor VIII gene are beterogenecus and different types of mutations recarded
include nucleotide substitutions, small deletions and insertions, gross deletions, and inversions, We have studied
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mutations of the factor VIIT gene in Thai hemophilia A patients and previously reported a number of mutations
{Akkarapatumwong et al., 2000). In the analysis of additional mutations in Thai hemophilia A patieats, we found
six frameshift mutations, all of which oceurred in exon 14 of the factor VIII gene. It is interesting that although
they were frameshift mutations introducing premature stop codons in the same exon, two of these mutations were
observed in the patients with moderate clinical severity: The frameshift mutations in these two patients were due
t0 deletion and insertion in the stretches of poly A nucleotides of the factor VIII gene. The mechanism resulting in
moderate clinical severity in these two Thai hemophilia A patients is likety to relate to the deletion and insertion in
these poly A stretches. .

-

MATERIALS AND METHODS

Six Thai hemophilia A patients and their family members including parents and sibs were studied. These
patients and families were followed up at the Hematology Clinics, Departinent of Pediatrics, Faculty of Medicine
Siriraj Hospital, Mahido] University, Bangkok. Hemophilia A was diagnosed from clinical, hematological, and
coagulation findings. Factor V1II activities (FVIE:C) were determined by one stage clotting assay. The factor
VIII gene inversion was analyzed by Southern blot hybridization and not found in thése patients, Venous blood
samples were collected, with informed consent, in EDTA for RNA and DNA studies.

Muraticns of the factor VIII gene were screened in the patients’ factor VIII oDNA and genomic DNA by single
strand conformation polymorphism {SSCP) method apd identified by automated DNA sequencing. The details of
these analyses have been described in our previous work (Akkarapatumwong et al., 2000).

RESULTS

Six patients were found to have mobility shifts of exon 14 fragments of the factor VIII gene, amplified from
gepomic DNA samples, in the SSCP analysis,-while ali other amplified fragments showed normat SSCP patterns.
The narrow regions with suspected mutations were {ocated and mutations were identified by sequencing analysis.
The presence of mutations was confirmed by repeated analyses of amplified genomic DNA samples from the
patients’ mothers. Six frameshift mutations including three |-bp deletions, one 2-bp deletian, one 4-bp deletion,
and one i-bp insertion, in exon 14 of the factor VIII gene were identified in the patients (Table 1). All these
mutations wete also observed in the patients' mothers when analyzed by DNA sequencing analyses. In the
farnilies with known inheztance of hemophilia A, the mutations were also demonstrated in other affected or carner
members by gither SSCP or heteroduplex analyses (data not shown) but they were not detected in unaffected
members and normaf controls.

TABLE 1. Six frameshift mutadouns inexon 14 of the {actor VIII gene identified in Thai hemophiliad patients.

Padent Type of Vutaton® Mutated  Stop Exoo  Domain Clinical FVII:C
mutation codon’ codon severity (%)
created
JGR7 (F} Frameshift  3490deiT’ 1145 1151 14 B Severe <|
WYG72 (F) Frameshift  3618-21delACAC  1187-8 1197 14 B Severe <
SWD20(5) Frameshift 3629-37delA 11914 1198 14 8 Moderate 4.2
TSRI5(F) Frameshifi 4372-%insA 143941 1442 4 B Mederate 2.8
PCP33(F) Frameshift 4429-30deiGA® 1458 1475 14 B Severe <)
SCWI3 (F)  Frameshif _ 4658dela® . 1534 1547 14 B Severe <l

Nugleotide positions of FYIII cDNA and codons are numbered as reported by Wood ¢t al, (1934); “Novel
mutarions which have not been recorded in the Hemophilia A Database (hup://europivm.cse.mre.ac.uk); F, familial
case; 5, sporadic case.
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DISCUSSION

We have identified six additional mutations of the factor VIII gene in new cases of Thai hemophilia A patients.
All of them were frameshift mutations in exon 14, three of which (delT34%0, delGA4429-30, and delA4638) are
novel. These six mutations created premature termination codons, resulting in truncations in the B domain of the
factor VIII protein. Four mutations {(delT3490, delACAC3618-21, delGA4429-30, and delA4658) were found in
the patients with severe disease. Thus, molecular defects of the factor VIII gene in these patients correlated with |
the disease severity, However, two frameshift mutations (delA3629-37, and insA4372-9), were observed in the
patients with moderate clinical phenotypes; therefore, the genotype and phenotype in these two patients were not
correlated. The deletion and insertion of ‘A’ ouciedtides in these two patients occurred in the regions containing
the stretches of 9 As at codons 1191-4 and 8 As at codons 1439-41, respectively. There are at least § cases with an
‘A’ deletion (3 cases with an *A’ insertion) in the run of 9 As at codons 11914, and 4 cases with an "A’ insertion
in the run of & As at codons 143941 documented in the Hemophilia A Database (http:/europium.csc.mzc.ac.uk).
Almost all were noted to be associated with severe hemophilia A. However, FVIIL:C was not recorded in some of
these cases and there were at least four cases with FVIII:C of 2%, 3%, 3%, and [.4%. It should be menticned that
one case with 1191-4del A (FVIIL:C of 3%) was found to have 2 moderate clinical severity (Gailardo et al,
unpublished data in hotp:/europium.cse.mic.acuk). If the severity and FVIILC in this group of hemophiha A
patents were rightly recorded, there were some certain cases that had higher FVII:C activities than that of other
severe cases and some patients also presented moderate severity. A partial correction of a severe molecular defect
in hemophilia A because of exors during expressiou of the factor VIII gene bas been reported (Young etal. 1997).
A deletion of 2 single nucleotde T {delT9813 at codon 1441} within an A4TA; sequence of exon 14 of the factor
VIII gene was characterized in Japanese padents with mild (o moderately severe bemopbilia A. The AsTA;
sequence was changed to the run of 10As, and it was found that the patients produced a significant oumber of io-
frame mRNA transcripts. The errors in DNA replication or RNA transcription/translation resulted in a partial
restoration of the correct reading frame and amelicration of an expected severe phenotype. A sirular phenomenon
might have occurred in these two Thai hemophilia A patients who had the frameshift mutations (delA3629-37, and
insA4372-9) due w the ‘A’ deletion and ipserton in the stretches of 9 As and 8 As. It is likely therefore that the
deletion and insertion in these stretches of poly A nuclectides resulted in moderate clinical severity in some cases
of Thai hemophilia A patients.
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ABSTRACT

Hemophilia A is 2 common X-linked bleeding disorder caused by mutations in the
coagulation factor VI gene. The entire coding and essential sequences of the factor VI
gene were generated by a combination of genomic DNA amplification and long reverse
transcription-polymerase chain reaction (long RT-PCR) using factor VIII transeripts
prepared from lymphocytes. Mutations were then screened by non-radioactive single strand
conformation polymorphism (SSCP) analysis and characterized by DNA sequencing. We
have identified six potentially pathogenic mutations in the factor VIl] gene in Thai
hemophilia A patients, including two nonsense mutations (R-5X and R1966X), three
missense mutations (D542Y, G1850V, and G2325C), and a 4-bp insertion (ACTA) at codon
2245. Three of these mutations (D542Y, G2325C, and 4-bp insertion) have never been
previously reported, and the ins2245 is the first example of such insertion probably causing
factor VIII elongation. R1966X, D542Y, G1850V, and 4-bp Insertion were associated with a
severe hemophiliac phenotype whereas R-5X and G2325C were observed in moderately
affected patients. Mutations in the factor VIl gene in Thai hemophilia A patients are likely
to be heterogeneous. This study represents the first attempt to further the understanding of
the molecular basis of hemophilia A in Thai. © 1999 Wiley-Liss, Inc.

KEY WORDS: hemophilia A: factor V1N; FBC, Thailand

INTRODUCTION

Hemophiha A is 2 common X-linked recessive bleeding disorder, affecting approximately 1/5,000-1/10,000
male births. The disease is caused by deleterious mutations in the factor VI gene (F8C:; MIM# 306700) resulling
in a deficiency or a functional abnormality of coagulation factor VIII (Antonarakis et al., 1995). The factor VIII
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gene is located on the human chromosome region Xq28 and consists of 26 exons, spanning 186 kb. its mRNA (~9
kb) encodes a precursor protein of 2,351 amino acids, the first 19 residues of which lie in a hydrophobic teader
sequence. Based on amino acid sequence homology, factor VUl can be divided into six distinct domains, arranged
in the order; A1-A2-B-A3-C1-C2 (Poustka et al., 1991; Gitschier et al., 1984; Vehar et al., 1984).

Hemophilia A is a genetically heterogeneous disorder resulting from a large number of different molecular
defects in the factor VIII gene, including point mutations, deletions, insertions, and inversions. The molecular
defects of factor VIII gene have been studied in many ethnic origing {Kembail-Cook et al., 1998), but not in Thai.
This work was aimed to characterize mutations in factor V11I-gene in Thai hemophilia A patients. We have
employed a combination of long RT-PCR of illegitimate factor VIII transcripts and PCR of genomic DNA to
amplify the enfire coding and essential sequences of the factor VI gene, which were then fractionated into eight
fragments. These fragments were subjected to mutational analysis by non-radioactive SSCP. The amplified
fragments, possibly containing mutations as detected by SSCP, were further charactenzed by DNA sequencing.
Here, we report the identification of six potenually pathagenic mutations in Thal hemophilia A patients, three of
which are novel.

MATERIALS AND METHCDS

Subjects

Six Tha: hemophilia A patients, their parents, and sibs included in this study were from the Hematology Clinics
of the Depantment of Pediatrics, Faculty of Medicine-Siriraj Hospital, Mahidol University, Bangikok. The
diagnos:s of hemophilia A was based on clinical and hematological data. Their factor VIII activities (FVIILC)
were determined by one stage clotting assay. Inversion in factor VI gene as a cause of hemophilia A was
excluded in all six families by Southemn blot hybridization (Akkarapatumwong et al. in preparation}.

RMA and DNA Preparations

Whole blood sampiles {15 ml) were.collected in EDTA for RNA and genomic DNA extractions. Peripheral
lymphocytes were isolated from the blood sampies by Lymphoprep™ (Nycomed Pharma AS, Oslo, Norway). -
Total RNA was extracted from [ymphocytes by using Trizol™ reagent (Gibco BRL, Gaithersburg, MD}. Genomic
DNA was prepared according to standard procedures {Sambrook et al., 1989).

cDNA Synthesis and Ampiification

Full-length factor VIII-cDNA (~9 kb) was synthesized from total RNA by Superscript 1 kit (Gibco BRL) using
oligo{dT))z.15 as a primer. The cDNA was further amplified by long PCR using a pair of primers flanking the open
reading frame of factor VIII (forward primer; 3’ ATGCTCTGCAAAGAAATTGGGAC 3', and reverse primer;
5'AAACCAGCAGGAAAATAAAAGAGC 3') in 2 reaction mixwure (50 ) containing 2 pl of cDNA, 1 U of
ELONGASE Enzyme Mix {Gibco BRL), 60 mM Tris-SO; (pH 9.17, |8 mM (NH.3,50,, 1.2 mM MgSQOq, 200 puM
dNTP mixture and 10 pmole of each primer. Amplification was carmied out by denaturation at 94 °C for 30 sec,
followed by 30 cycles with the temperature parameters comprising 94 °C for 30 sec, 60 °C for 30 sec and 68 °C for
10 min.

The exons 1-13 and 15-26 regions were amplified from long PCR product by using four pairs of primers as
described by Naylor et al. {1991} to generate 4 nested fragments.

Genomic DNA Amplification

The putative promoter, €xon 14, and the polyadenylation signal region of factor VIl gene were amplified from
genomic DNA using primers as described by Naylor et ai. (1991) 1o obtzin 4 fragments, one each for the putative
promoter and the poiyadenylation signal, and two for exen 14. Fragment denominations were as formerly
designated by Naylor et al. (1991).

Single Strand Conformation Polymorphism (SSCP)

A non-radioactive SSCP analysis was carmied out as previousiy described by Bannai et al. {1994). Prorto
screening for mutations by SSCP, the amplified fragments. except the one spanning the polyadenylation signal
region (fragment T), were digested with restriction enzymes in order to generate fragment sizes suitable for SSCP
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analysis. The digestions were performed with a single or multiple restriction enzymes as foilow: EcoRI/Hindlll
for fragment 1, A/l and BamB1/BsNI for fragment 2, EcoRI/Psu), Psrl/Ssit and SstliApal for fragment 3,
Scal/Haelll and Xeml for fragment 4, Sau96l and Dral/Hincll for fragment 5, Ddel and DraliXbal for fragment 6
and £coRl for fragment P.

DINA Sequencing

PCR products showing abnormal electrophoretic mobility on SSCP gel were subjected to nucleotide sequencing
either manually or by the ABI 377 automated sequencer. For manual sequencing, single stranded templates used
for sequencing were generated by asymmetric PCR (McCabe, 1990). Sequencing was performed using the
Sequenase® Version 2.0 sequencing kit {Amersham, Cleveland, OH) following the manufacturer’s protocol. For
automated DNA sequencing, the regions potentially containing mutations were cioned into pBiuescript KS or
pUC19 vector before sequencing using the ABI PRISM™ DNA Sequencing kit (PE Applied Biosystems).

Computer Analysis

CLUSTRAL X, multiple sequence alignment program (Thompsoen et al., 1997) was used 1o analyze conserved
motfs of factor VIIL. The amino acid sequences of human, munne and pig factor VII[; human, murnine and bovine
factor V; and human and rat ceruloplasmin were derived by translation of DNA sequences from GenBank/EMBL
database (accession numbers M14113, LOS573, U49517, M16967, U52925, MB1441, M1369% andlL33869,
respectively) and used for the analysis.

RESULTS

A total of six unrelated patients were studied. Eight fragments corresponding to putative premoter, codimg
sequences, and polyadenylation region of factor VIil gene were screened for mutation by non-radicactive SSCP
method. SSCP analysis identified single-stranded DNAs with aberrant mobilines relative to those of normal
controls. DNA sequencing was subscquently performed to identify mutations. Characterization of the mutations
was also carried out in genomic DNA samples o verify that the mutations detected in ¢cDNA prepared from the
ectopic wanscripts also existed in the factor VIII gene. We identified six potentially pathogenic mutations, details
of which were summarized :n Table 1. Three novel mutations, including two missense mutations (D542Y and
(G2325C) and a 4-bp insertion (ACTA) at codon 2245 jn exon 25, were identified. The presence of the mutations
was also determined in the corresponding family members. All but one (STI3) of probands’ mothers and, when
avaitabte, affected male sibs were found to be carmiers of a similar mutation. Mutations were not found in
unzffected sibs and normal controls.

TABLE 1. Summary of mutations in factor VILI pene identified in six Thai hemophilia A patients.

Patient ::gﬁzt‘ Mutation Exon Codon® Domain scel\:::-f:‘: FT:E;C
STI3(S) Nonsense CGA—TGA(R-5X) H -3 Signal® Moderate 2.8
ADL29 () Missense GAT—STAT (D542YY 11 542 A2 Severe <l
NMH4% (F) Missense GGC—GTCIG1850V) 17 1850 Al Severe <1
APPLT (F) Monsense CGA-TGA(RI66X) 8 1966 Al Severe <}
RMV27 (S) Frameshift 4-bp Insertion® (ACTA) 25 2245 C2 Severe <|
CRG28 (5) Missense GGCTGC(G2325CY 26 2325 Cc2 Maoderate 3

*Codons are numbered as in Wood et al. (1984); "Signal peptide; “These mutations have not been reported in the
Hemophilia A Database (hitp://europium.mre.rpms.ac.uifust/WWW/WebPages/main.difmainhtm}; F, famihal

case; 8, sporadic case.
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DISCUSSION

By using a combination of genomic DNA amplification and RT-PCR using factor VIII cDNA prepared from
ectopic transcripts, followed by non-radioactive SSCP analysis and DNA sequencing, we have identified six
mutations in the factor VIII gene in Thai hemophilia A patients.

The nonsense mutation, R-5X, in the sigral peptide identified in this study has previously been observed in
three patients and was predicted to cause extreme truncation with na circulating rormal factor VIII, resulting in
severe hemophitia A (Pattinson et al., 1990; Reiner & Thompson, 1992; Bidichandani et al., 1995). However,
STJ3 presented with a moderate hemophilia A phenotype having FVIILC level of 2.8% (Tabie 1). Results of three
repeated FVIIL:C assays in this patient were consistent. Therefore, the clinical severity and FVII:C level in this
patient did not reflect the patient’s genotype. DNA znalyses of family members including his mother did not
revcal the similar mutation. The matemity was confirmed by genetic linkage analysis using St14 VNTR and 2
dinucicotide repeat polymorphism in intron 13. The results indicated that this R-5X mutation was likely 10 occur
de novo. Thus, one possible explanation for the genotype-phenotype discordance in this parient might be somauc
mosaicism when R-5X occwrred post-zygotically (Levinson et al., 1990; Brécker-Vriends et al., 1990).

The three missense mutations characterized in this study included D542Y, G1850V and G2325C. Severzl
arguments favored these three missense mutations as being causally refated to hemophilia A phenotype. First, they
affected highly conserved amino acid residues in factor VIII from other mammalian species and in other proteins
known te be homologous to factor VIII (factor V and ceruloplasmin) (Fig. ). Second, a single muiation of the
factor V1] gene in each family could be detected and the frequency of neutral substitutions within the factor V11l
gene was shown to be low (Kemball-Cook et al., 1998). Third, the missense mutations mentioned above were not

identified in normal controls.

oNFAHCROVTVOA,; 1875
NTNAAHGR QVTY 1657
HTU'H? MAHGROTSYOE : 1843

KG I7HKDWH ?VDH.R 1‘}66
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FIGURE 1 Partial amino acid sequence lingups of human factor VII1 and other homologous proteins. The figure
represents partial alignment of A2, A5 and C2 domain sequences of human, pig and mouse factor VI (HumF V1L,
PigF VIII and MurFVIII); human, bovine and mouse factor V (HumFV, BosFV and MurFV); and human and rat
ceruloplasmin (HumCP, RatCP). Highly conserved residues of human factor Vi1 and these related proteins are
indicated in white characters on black background. Each of the missense mutations is denoted by an arrow
pointing at the position above the aligned sequences.
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The missense mutation, D542Y, was found in the A2 domain of factor VIII. Another mutation at this codon,
D3542G, has been reported in a severe hemophilia A patient {Higuchi et al., 1991). Analysis of the A domain
model of factor V111 based on ceruloplasmin (Pemberton et al., 1997) and nitrite reductase (Pan et ai., 1995)
suggested that the side chains of Asp 542 and His 311 or Arg 541 participate in a sait bndge which would be
disrupted by the replacement of its hydrophilic residue, Asp 542, with a hydrophobic one, Tyr. His 311 and Asp
542 located on the Al and A2 domain, respectively. Substitution of Asp with Tyr at codon 542 would be predicted
to eliminate the salt bridge as the phenolic group of tyrosine was uncharged. Thus, this mutation seemed o
destabilize the structure of factor V131, by weakening the A1/A2 domain interaction.

The substitution of glycine residue with valine in the A3 domain (G1850V) has recently been reported by
(Tavassoli et al., 1998). This mutation was characterized in a severe hemophiliac but has not yet been studied at
the structural level. Nonetheless. this mutation involving glycine residue should have destabilizing effect because
this residue had backbone dihedral preferences distinct from other amino acids.

The missense mutation G2325C occurred in the C2 domain and was associated with moderate hemophihia A
phenotype. Another mutauon arfecting this residue G2325 has aiso been reported to cause a severe hemophilia A
phenctype (Becker et al., 1996). Recently, the disulfide bonds, between Cys 2021 and Cys 2164 within the C)
domain and between Cys 2174 and Cys 2326 within the C2 domain. have been discovered (Kaufman, 1998).
Therefore, a change from glycine to cysteine at residue 2325 flanking the C2 disulfide bridge would more than
like!v interfere with the correct formation of its disulfide bonds. Furthermore, mutations that creale(li a new free
sulfhydryl group were selected against in the extraceilular milieu because of their ability to complicate correct
folding of protein. The C2 domain (residues 2303-2332) was shown to be involved in factor VIII interaction with
phospholipid. Therefore, this G2325C mutation might affect the conformation of the phospholipid binding site in
the C2 domain or result in destabilization of the structure of factor VIII because of misfolding of the protein.

In this study a novel 4-hp insertion (ACTA) at the codon 2245 within exon 25 has been identified. A shiftin
the reading frame was introduced after the point of nsertion, and as a result, the normal termination codon, 263
nucleotides downstream, was shifted out of frame and was no longer read as 2 stop codon. Consequently,
translation proceeded into the normally 3’ untranslated region and continued for additional 33 amino acids until the
next fortuitous termination cedon was encountereq at codon 2366. This was the first example of 4-bp insertion
possibly causing facter VII] elongation. The abnormal amine acid sequence lied in the C2 domain (residues 2173-
2332} of factor VIII protein which was thought to be a vitally important functional and structural region, especially
for binding to von Willebrand factor (with residues 2248-2312} and to phospholipid (with residues 2303-2332)
{Viot et al.. 199&; Foster et al.. 1990). Therefore, this alterauon would be expected to impair the structure and
function of factor VIII. This insertion introducing a 4-bp directed repeat might be generated by a mutagenic
mechamsm invelving slipped mispairing during DNA replication.

The mutations identified in this study represented the first attempt at understanding motecular defects
underlying hemophilia A in Thai and demonstrated feasibility of cammier detection by 2 direct mutational analysis.
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Identification of a new mutation (Gly420Ser),
( 1stal to the active site, that leads to factor

XIII deficiency

Kangsadalampai S, Yenchitsomanus P, Chelvanayagam G.

(Sawasdee N. Laosombat V. Board P. Identification of a new mutation
v420Ser), distal to the active site, that leads to factor X111 deficiency.
Eur J Haematol 2000: 65: 279-284. © Munksgaard 2000.

tract: The molecular defects of the factor X111 A subunit gene were
d in a patient with facior XTIJ deficiency. Mutation analysis was
performed on amplified DNA from each exon of this gene by single-

d conformation polymorphism (SSCP) and DNA sequencing
piques. A substitution of guanine by adenine at nucleotide 1258 in
n 10 of the coaguiation factor X111 A subunit gene has been ideatified
the patient. The mutation results in the replacement of Gly420 by Ser
in the core domain of the enzyme. Restriction enzyme analysis of
plified exon 10 DNA confirmed that the patient was homozygous for
mutation. A family study revealed that the mutation was inherited
rom both parents, who were first cousins. The potental effects of the
ation were predicted by molecular modeling of the amino acid
tution within the coordinates of the crystal structure. The
ibstitution occurred within the core domain of the enzyme at a residue
pletelv conserved among all known members of the transglutamin-
family. The model of the mutant protein suggests that although the
itution of Gly420 by Ser causes only minor readjustment ol the
dues and does not appear to be particularly deleterious in terms of
ure, the mutanion is, however, likely (o decrease the molecule’s
ty to undergo the conformational change that is thought to be

1 uired for full transglutaminase activity, Our data strongly support the
‘previously published information about the functional significance of the
dues surrounding, but not forming, the catalytic pocket in the A
subunit of factor XIII.

8lood coagulation factor XIII is a transgiutaminase
me which forms intermolecular e-{y-glutamyl)
Wine bonds between adjacent fibrin molecules in 2
"‘-.u clot that contribute to the mechanical
i __gth of the clot. Factor XIII also cross-links
ntiplasmin into the clot to protect the clot from
min degradation (1). Plasma factor XIII is a
atikly associated heterotetramer composed of two
Aand two B subunits (2, 3). The A subunits are
wsociated as a dimer and are responsible for the
Bialvtic activity of factor XIII (4, 5). The B subunit
84 monomer and is thought to play a role in
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protection of the A subunit from degradation in
circulation (6-9}.

Congenital factor XIII deficiency is a rare
autosomal recesstve disease, and only a few hundred
cases have been documented. Bleeding from the
umbilical stump or after circumcision is often the
first clinical sign observed in deficient patients.
Congenital factor X111 deficiency gives rise to a life-
long bleeding diathesis and requires regular repla-
cement therapy. A survey of factor XIII deficient
patients indicated that they have a high nisk of
intracranial hermorrhage unless the disease has been
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diagnosed and the replacement therapy commenced
(10). In addition, it was noted that deficient patients
may have abnormal wound healing, and there is a
high incidence of spontaneous abortion among
allfected females. Other clinical features of the
disease have been reviewed by Board er af (10).
S0 far, most cases of congenital factor XIII
‘deficiency result from defects in the A subunit.
Deficiency of the B subunit is clinically much less
severe and possibly goes undiagnosed. Many amino
acid substitutions in the A subunit occur in or
directly influence residues in the catalyuc pocket;
however, several mutations that have been found to
have no effect on the active site have deleterious
effects on stabitity and flexibility of the protein
(11-13).

The determination of the crystal structure of
factor XIII A subunit (14) has provided not only a
greater understanding of the structure and catalytic
mechanism of the normal enzyme but has also
permitted the prediction of possible effects on the
protein structure caused by mutations (11-13, 15-
21). In this study, we have identified a novel muta-
tion in the factor XII1 A subunit (Gly420Ser) which,
aithough it occurs within the core domain, does not
directly influence the proposed catalytic triad. The
effect of the Gly420Ser substitution on the enzyme
structure and function has been predicied by the
application of computer modeling.

Patient and methods

Patient

The patient was a Thai boy whose great-grand-
parents were of Pakistani origin. There was
consanguinity in this family, since the patient’s
parents were first cousins. There was no history of a
bleeding tendency in this family. At the time of
diagnosis, the patient was 5 yr old. His clinical
presentation and urea solubility test led to the
diagnosis of factor XIII deficiency and the patient
was transfused with fresh frozen plasma (22). The
patient did not receive prophylactic treatment
thereafier; however, he had an occasional replace-
ment therapy with cryoprecipitate when a severe
bleeding was observed.

DNA amplification. single strand conformation polymarphism
[SSCP) analysis, and nucleotide sequencing

Each of the 15 exons of the factor XIIT A subunit
gene wus amplified from the patient’s genomic
DNA is described previously (23). The polymerase
c¢hain reaction (PCR) products were then subjected
1o SSCP analysis (24). The PCR product of an exon
showing ian electrophoretic abnormality was further
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purified by a QIAquick gel extraction kit (Qiagen,
Germany) and directly sequenced using the di-
deoxynucleoude methed (25) with ABI-PRISM™
BigDye'™ Terminator Cycle Sechncmg Ready
Reaction Kit and an ABI-PRISM™ 310 Genetic
Analyzer (PE Applied Biosysterns, USA). Since the
mutation identified in the patient was found to
clitninate a Haelll cleavage site in exon [0, we also
confirmed the mufation in the patient and his
parents by Haelll digestion of the amplified exon 10
DNA and clectrophoresis on 3% MetaPhore®
agarose gel (FMC BioProducts, USA).

Multiple sequence alignment

An alignment of transglutaminase and rejated
sequences was performed to evaluate the relative
conservation of each amino acid residue. - The
human factor XIII A subunit sequence was used
to scan the sequence databases with the BLAST
server computer tool (URL: http//www.ncbi.nim.
nih.govw/'BLAST/) over a non-redundant set of
protein sequences. Matched sequences were then
exiracted from the sequence databases and aligned
with the CLUSTALW program (26) using default
settings. The alignment and full list of database
accession codes are illustrated in Fig. 3.

Normali

AGCACGGCCATG

{

Patient

AGCACAGCCATG

)

Fig. . Direct sequencing ol amplified exon 10 of factor XIT!
A subunil gene from a nermal individual and the patient
with factor X111 deficiency. A nur.koudc at posilion 1258 13
underlined. The sequence with G'*™® wus Tound in the
normal exon 10 while the sequence with A" was cbserved
in the patient’s exon 10.



Computer modeling of the Gly420Ser mutaticn in human fagtor
X

To identify the relative location of Gly420, each of
the four monomeric A subunits in two distinct
crystal forms of the human factor XIII structures
{PDB codes Ifie and lggt) were examined using the
molecular modeling package Insight II (Biosym/
MSI, USA). Possible effects of the Gly420Ser
mutation were then explored with the
HOMOLOGY module of the package, replacing
the Gly residue with Ser and choosing a conforma-
tion which caused the least steric overlap. Focusing
only on the core domain {residues 185-515), this
model of the mutant structure was then improved
by energy munimization calculations., using the
DISCOVER module. The resulting model was
free of any steric overlaps introduced by the

Glyd420Ser mutation, but nonetheless stiil contained .

many strained parameters that are present in the

original crystal structure as determined by
PROCHECK ({27).
A
68 30 75
WT :
8 105
MT
B
234
194
118 105
. 75
68
30

Fig. 2. Analysis of the G'**® to A mutation in exon 10 of the
factor XIII A subunit gene by Haeelll restriction
endonuclease digestion. (A) The fragment amplified from
exon 10 is |73 bp in length and nommally contains two
Haelll sites. The digestion with this enzyme generates three
fragments with the sizes of 68, 30, and 75 base pairs (bp).
However, one of these sites is abolished by the G'**® to A
mutations; the Haelll digesucn results in two {ragments, 68
and 105 bp. (B) The fragment amplified from exon 10 of the
patient, his parents and the elder brother were digested with
Haelll and electrophoresed on agarose gel. The digested
products of an unrelated normal amplified DNA were run as
a control and the expected sizes of the DNA fragments after
digestion are indicated. Lane M, molecular size markers;
lane 1, DNA from an unrelated normal individual; lane 2,
DNA from the patent's father; lane 3, DNA [rom the
patient’s mother; lane 4. DNA [rom the patient’s elder
brother; lane 5, DNA flrom the patient.
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ilG 410 430
poo488 GPASVOATKHGHVCFQFDAPF
¥Y12502 GPASVQAVKHGHVCFQFDAPE
p22758 GPCSVESVENGLVYMKYDTEF
P22735 GPCSVESIKNGLVIMKYDTPE
P23606 GPCSVESIKNGLVYMKYDTPF
Q051897 GPASVLAVORGE IGYMEDSPFE
¥10212 GPAPIKATKNGEIYIGSDTNE
P21980 GPVPVRAIKEGDLSTKYDAPF
P51176 GPVPVRAIKEGDLSTKYDAPF
P21981 GPVSVRAIKEGDLSTKYDAPF
PQasa7 GPVPVRAIKEGHLNVKYDAPE
P49221 GPSPLIAIRKGDIFIVYDTRE
099041 GPSPVSAIRQGLVQFMYDTTF
Q08188 GPASVIGVREGDVQLNEFIRMPE
QQa189 GPASVNAIKAGDVDRNEDMIF
JCS5133 GPCPVKAVRDGDV@IKYDAAF
P52181 GPCPVAAIKEGNLGVEYDAPE
Q01841 GPAPVKAIKEGDLOVOYDIEF
P52183 GPAPVVAVKOGEVLRPYDSAY
743818 GPVSVRAIKEGDLSTKYDASE
P164352 DLVPVRAVKEGTVGLTPAVSD
pP4a9222

SLVPVRAVKEGELQLDPAVPE

r

Fig. 3. A multiple amino acid sequence alignmeat of the
human factor XIII A subunit and other members of
transglutaminase (TGase) family. Most sequences were
obtained from SWISSPROT except Y12502 (embl),
Y 10212 (embl), JC5133 (pir) and 743818 (gi1). The symbols
“*” and “:” under the alignment indicate conserved and
conservative-changed positions, respectively. The position of
Gly420 is indicated by an arrow, PO0488, human factor XIII
A subunit; Y12502, rat factor XIII A subunit; P22758,
rabbit epidermal TGase; P22735, human epidermal
TGase; P23606, rat epidermal TGase; Q05187, hemocyte
TGase; Y10212, ascidian TGase; P21980, human tissue
TGase; P51176, bovine tissue TGase; P21981, mouse tissue
TGase; PO8587, guinea pig tissue TGase; Pd9221, human
prostate TGase; Q99041, rat prostate TGase; QO8188,
human TGase E precursor; Q08189, mouse TGase E
precursor; JC5133, chum salmon tissue TGase; P52181,
red sea bream tissue TGase; Q01841 chicken tissue TGase;
P52183, grasshopper anaulin; 743818, rat GTP-binding
protein Gh; P16452, hurnan erythrocyte band 4.2; P49222,
mouse erythrocyte band 4.2. Jo each case the amino acids are
numbered according to the human factor XIII A subunit.

Results
SSCP analysis, nucleatide sequencing ard PCR-RFLP

Migration of all the patient’s 15 amplified exonsina
native polyacrylamide gel did not show any differ-
ences compared with those of a normal individual.
This indicated the absence of a large insertion or
deletion in any exon. Therefore, possible small
nucleotide insertions/deletions or substitutions in
amplified exons were investigated by SSCP analysis,
The SSCP analysis of the patient’s amplified exons
indicated an abnormality in exon 10 (data not
shown). Direct sequencing of the amplified exon 10
DNA from the patient revealed a homozygous G to
A transition at nucleotide 1258 (Fig. 1) which alters
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Fig. 4. A obbon diagram of the core demain (residues 185~
515) of human factor XHI A subunit showing the relative
location of position 420 with respect to the putative active
site of the molecule {Cys314, His373, Asp396). The sandwich
domain {Domain 1) would lic directly above the core
domain, while the barrel domains would occur over {out of
the page} the regions indicated. The A svbunit dimer
interface is behind the diagram (into the page). Mutation of
Gly420 to Ser requires adjustment of the relative positions of
the Glyd20 loop and the 488-500 helix below it. An ion-
binding site is located under the helix. close to the site of
Ca’*-dependent cleavage (Lys513).

Gly420 to Ser (nucieotides and amino acids are num-
bered from the first serine of the mature factor XIII
A subunit protein). The amplified exon 10 fragment
was 173 bp in length which normally contained two
Haelll sites that divided the PCR product into 68, 30
and 75 bp fragments. The mutation G'** 10 A in
this family abolished one of these Haelll sites
leaving 68 and 105 bp fragments (Fig. 2A). A family
study using Haelll digestion of amplified exon 10
showed that the patient inherited a similar mutant
allele from each parent {Fig. 2B). This experiment
also confirmed the previous observation suggesting
that the patient’s elder brother was normal.

To examine whether or not the mutant Gly420Ser
allele is present in the general popu-lation, Haelll-
digestion analysis of amplified exon 10 was per-
formed in 70 DNA samples from normal indivi-
duals. The result revealed that the mutant allele was
not present in the normal individuals tested.

Sequence alignment and computer modeling

Examination of a multiple sequence alignment of 22
transglutaminase and related molecules (Fig. 3)

282

shows that Gly420 is completely conserved across
all sequences, including the non-enzymatic band 4.2
proteins. This conservation suggests an important
structural or functional role for this residue. In the
crystal structure of human factor XIII A subunit,
Gly420 is located on a surface loop (residues 418-
429) and by virtue of its small side chain, allows
close packing of a helix (residues 488-500) with the
loop. In the dimer, the loop remains on the surface
but does form part of the dimer interface.. Gly420
occurs within the core domain (Fig. 4) of the
subunit but is on the opposite face to and at least
19 A away from the putative active site triad
(Cys314, His373, and Asp396).

The backbone dihedral angles show that Giy420
has left-handed helical dihedral angles that tie in the
fringes of the allowable regions of ¢.  space (¢ =
69.6-93.8°; {=1.8-16.4°). Such angles are more
easily adopted by, but not limited to. Gly residues.
Notably, nearby Phe426 and Asp427 also have left-
handed helical dihedral angles. while Pro411 has a
cis and not rrans peptide bond. suggesting this region
of the molecule is conformationally strained.

Substitution of Gly420 for Ser ntroduces steric
conflicts with the amino acids at positions 493 and
496. These conflicts, however, can easily be rectified
by minor adjustments t¢ the bond angles and
distances of residues in the C-terminus of the core
domain (residues 480-515), as was done with energy
minimization calculations. Superposition of the
model and the crystal structure shows that the
helix from residues 488-500 undergoes a translation
of approximately 0.6 A in the directions pointing
away from Ser420, making room for this side chain.
Residues 508-515 also show considerable deviation
with for example, Glu50% showing an root mean-
square deviation (r.m.s.d.) of 0.77 A for all heavy
atoms.

Discussion

Factor X111 deficiency is a rare autosomal recessive
disease and ¢nly some cases have been studied in
sufficient detall to identify the causative mutation.
In the present study we found a nucleotide
transition, G'** to A, leading to the Gly420Ser
substitution in the core domain of the factor XIII A
subunit. The mutation was suspected to be the cause
of factor XIII deficiency in the patient. However,
the fact that the sensitivity of SSCP analysis is not
100% led to the possibility that the G'**® 10 A
substitution might simply be a natural polymorph-
1sm and the real mutation has not yet been detected
by the analysis. To examine this possibility, the
allele frequency of Ser420 in the general population
was investigated. The result showed that the Ser420



allele has not been detected in normal individuals,
suggesting that it is not a polymorphism but likely
to be the cause of factor XIII deficiency. In
addition, multiple sequence alignment of 22 trans-
glutaminase and related proteins demonstrated that
Giy420 is completely conserved across all sequences
from different species (Fig. 3), indicating its impor-
tant structural or functional role. The Gly4208er
mutation is therefore most likely to cause factor
XIII deficiency. The three-dimensional structure of
the A subunit has already been solved by X-ray
crystallography; thus, it is possible to directly model
the Gly420Ser substitution to evaluate its potential
effect on the structure and function of the molecule.

Computer modeling of the Gly420Ser mutation
shows that only minor readjustments of the residues
in the C-terminus of the core domain are required to
alleviate major steric conflicts introduced by the
larger side chain of the Ser residue. The backbone
torsion angles remain strained, but this is consistent
with other residues nearby. It would thus appear
that such a mutation should not be overly
detrimental to the function of the molecule. Since
Gly420 1s one of only 46 out of over 700 amino acid
positions that are completely conserved in the
known transglutaminase and related sequences,
this would suggest a specific role for the Gly420,
in either a structural or functionai sense. Being
distal to the active site, as well as being present in
non-¢nzymatic molecules (the band 4.2 proteins)
supports a more structural role, consistent with the
left-handed backbone torsional angles at position
420 that are more favoured by Gly. In the 2.5 A
resolution crystat structure of human factor XIII,
Gly420 allows close packing of a loop with the last
helical structure (residues 488-500) in the core
domains (Fig. 4). Residues in the long ioop
subsequentt to this helix lead into the first of the
two immunoglobulin-like, barrel domains. It has
been suggested that full activation of factor XIII
requires allosteric changes whereby these barrel
domains disengage, opening up the putative active
site of the molecule to fibrin for crosslinking {14,
28). 1t has also been shown that prolonged
incubatien of factor X111 with thrombin leads 1o
Ca’* -dependent cleavage at Lys513 (29). Thus it is
possible that minor adjustments 1o the orientation
of the helix 488-500 and the core/barrel linker loop,
as a result of the Gly/Ser mutation, may interrupt
the molecule’s ability to undergo this conforma-
tional change. This could be of particular impor-
tance since Aspd38, Gludg3, and Glud90 residues,
which are around or within the 488-500 helix, arc
known to be involved in 1on binding (30, 31} A
more speculative alternative 1s that subsequent to
conformational changes in the structure, the loop

A new mutation leading to factor XII deficiency

containing Gly420 may also need to become more
mobile, a process which would be assisted by a
flexible Gly residue at position 420.

Although in vitro mutagenesis can be used to
study the functional consequence of the Gly420Ser
substitution, its presence only in the patient and its
absence in the normal population. together with the
nature of the mutated residue in a highly conserved
position among the transglutaminases and related
proteins, convincingly support the hypothesis that
the Gly420Ser mutation has an important func-
tional effect. The structure of the A subunit has
been previously determined; however, precise
details of substrate binding, activation and subunit
interactions are not completely understood. Here it
is shown that a Gly at position 420 is likely to be a
requirement for normal transglutaminase activity
and that mutation to Ser at this position leads to
factor XIII deficiency. Characterization of ‘other
naturally occurring mutants in terms of their
structural and functional effects can improve our
understanding of the A subunit and transglutami-
nases in general.
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Autosomal dominant polycystic kidney disease (ADPKD) occurs mainly from mutations of
polycystic kidney disease 1 (PXDJT) geve. A novel mutation of the PEDJ gene due to a
pucleotide substitution in splice-acceptor site of IVS13 (AG>TG) was identified by analyses of
PEDI-<DNA and genomic DNA. The IVS13-2A>T substitution resulted in an inactivation of
this splice site and utilization of eryptic splice acceptor site in exon 14, causing a 74-nucleotide
deletion of this exon in the PEDI-mRNA transcript. The abnormal transcript was present
ectopically in the patients' lymphocytes. The partial deletion of PXDI-mRNA leads to
frameshift transiation and introduces a termination signal at codon 1075, The truncated
protein with about one quarter of the full-length polycystin-1 is most ikely inactive, Thus, the
effect of this mutation would be ‘loss-of-function' type. Allele specific amplification (ASA) was
developed to detect the mutation in DNA samples of other family members. The mutation was
present in 11 affected but absent in 13 unaffected family members, corresponding to the
results of linkage analysis. In addition, it was not observed in DNA samples of 57 unrelated
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INTRODUCTION

Autosomal dominant polycystic kidney disease (ADPKD; MIM# 173900) is one of the most common human
inherited disorders worldwide, characterized by the development of multiple abnormal fluid-filled cysts in the
kidneys, leading to end stage renal failure (Dalgaard, 1957). At least three genes are responsible for this disease:
PKDI (MIV# 601313, approved symbol, PKD1) at 16p13.3 (The Furopean Polycystic Kidney Disease Consortium,
1994; Hughes et al., 1995; The International Polycystic Kidney Disease Consortium, 1995), PKD2 at 4q21-23
{Mochizuki et al., 1996), and the still vnmapped, PXD3 (Daoust et al,,}995). Abnormality of PKD/ is responsible
for about 85% of ADPKD (Peters and Sandkuijl, 1992). PKDI has the size of about 54 kb consisting of 46 exons
and transcribing 14,148-nt mRNA (The European Polycystic Kidney Discase Consortium, 1994; Bumn et al., 1995;
Hughes et al., 1995; The International Polycystic Kidney Disease Consortium, 1995).

The existence of at least three PKDI homologs which share over 95% identity with PKD/ on the same
chromosome, has made it difficult to ¢haracterize PADJ mutztions {The European Polycystic Kidney Disease
Consortium, 1994). This has also resulted in bias of mutation analysis of PKD1 in which the majority of mutations
identified to date fal} within its 3' unique region {(HGMD; Hwman Gene Mutation Database:
http:/faww.uwem.ac uk/uwem/meg/search/120293.hum!). However, the mutations found in this region contribute to
only 10-15% of all known cases of PKD1 disease, indicating that most mutations are located in the reiterated region
of PKD} (Peral et al., 1996). Recently, at least two groups have atternpted to identify mutations in the reiterated part
of PKD/ by long-range PCR (LR-PCR} (Watnick et al., 1997; Peral et al., 1997). However, the methods that have
been developed could isolate pants of the reiterated sequence of PKD/, unable to isolate the sequence beyond exon
15 to the §' end of the gene. We have recently developed a long RT-PCR method for isolation of the entire coding
sequence of PKD/ from its mRNA transcript {Thongnoppakhun et al., 1999), eliminating the interference from the
homologous sequences. In this report, we demonstraie the application of long RT-PCR and LR-PCR methods in
identification of PKD/[ mutation in PKD1 patients and report 2 novel mutation which results in RNA processing
defect leading to partial dejetion of exon 14 sequence in the PKD7-mRNA transcript.

MATERIALS AND METHODS

‘The PK815 family and linkage study

The proband (TV-6) of the Thai farnily PKO1S5 (Fig. 2} was firstly referred to see nephrologist with the
probtems of a mild degree of chronic renal failure (serum creatinine of 4.2 mg/dl), hyperiension and gross hematuria.
An abdominal ultrasound demonstrated polycystic kidneys and tiver. The diagnosis of ADPKD in the patient and
other family members was made, based on the demonstration of renal cysts by an abdominal ultrasound (Ravine et
al,, 1994). Blood samples from the patients and relatives were cotlected with mformed consent. Linkage anakysis
was performed by detecting 5 polymorphic DNA markers on chromosome 16p including D16S85 (3' HVR) (Reeders
et al.,, 1985), SM7 (Harris et al,, 1991), 16AC2.5 (Thompson et al.,, 1992), SM6 (Peral et al., 1994), and KG8
(Germino et al., 1993).

RNA preparation, long RT-PCR, 2nd nested PCR

The fuil-length PKXD/-cDNA was synthesized from RNAs prepared from lymphocytes and then amplified by
long PCR, following the protocols as previously described (Thongnoppakhun et al., 1999). The length of PCR
product obtained was 13,634 bp. Nested PCRs were carried out by using nested primers (sequences available on
request) to generate 9 overlapping fragments of 1,352-1,678 bp by the method as previously described
(Thongnoppakhun et al,, 1999). A fragment of amplified cDNA (nt 3115-4689) in the region of exons 12-15
(GenBank Accession No. 1.33243) was digested with cither Bspi286 1, Hinf 1, Pst [, or Tag I (New England Biolabs
and Promega) for detailed analysis of deletion observed. Amplification with additional pair of primers covering nt
3254-3538 in exons 13-15 was also performed.
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Direct DNA sequencing

PCR products were purified from agarose gel after electrophoresis by QlAquick” Gel Extraction Kit (Qiagen
Gmbh, Hilden, Germany} as instructed by the manufacturer. The purified DNAs were sequenced manually by using
fmol® DNA Sequencing System (Promega).

Amplification of genomic DNA

To isolate PKD/-specific DNA fragment out of the homologous sequences, a LR-PCR for amplification of
genoraic DNA (18,099 bp) was carried out by using a primer specific to the unique sequence (Ex34B at nt 44438-
44409 in exon 34) coupled with a primer annezling to a region in the reiterated sequence {S13.1F at nt 26340-26369
in exen 13), and then nested PCRs were performed by using internal pairs of pnmers. The primers were designed
from sequence of PAD/ gene (GenBank Accession No. L39891). The PCR reaction for a long-range amplification
in a total volume of 50 pl contained 200 ng genomic DNA, 200 nM of each primer, 200 pM dNTP mixture, | unit
ELONGASE Enzyme mix, 10% DMSO, and 1.0 mM MgS04. The PCR conditions consisted of an initial incubation
{hot start) at 95°C for 1 min 30 s, then ampiificanon for 40 cycles at 94°C for 30 5, 61°C for 30 s, 68°C for 20 min,
and a final incubation at 70°C for 10 min. The LR-PCR product was diluted up to 1,000 folds depending on its
amounits to reduce contamination from genomic DNA and used as template for nested PCRs of the 1,064~ and 320-
bp products with the primers WT2F/SI13.1B and SI3.2F/S13.2B, covering the regions of nt 26375-27438 (exon 13-15)
and 26717-27036 (IVS 13-14), respectively. Sequences of the nested PCR primers are available on requested.
Contamination of homologous sequences has been proven negligible in another similar experiment by the failure te
amplify DNA regions outside a LR-PCR product of 12.9 kb, when this product was diluted 1,000 folds and used as
iemplate for nested PCRs {data not shown).

Mutation analysis by allele specific amplification (ASA)

Allele specific amplification (ASA), PCR for amplifications of wild-type and mutant alieles with allele-
specific primers coupled with a shared primer (Newton et 2i., 1989), was invented for analysis of the PKD} mutation
discovered. The wild-type and rmutant primers had one different base at their 3' ends, each of which matched to the
compiementary base at the mutation site in the corresponding allele. Two additional mismatches were also
introduced at the third and the ninth nucleotides from the 3'-end of primers to increase discriminating power when
they bound across the alieles (Kwok et al., 1990). The sequences of wild-type (13WT} and mutant primers {13MU)
are: TTCACTCACTGCGTCCCACCACCCCGACA and TTCACTCACTGCGTCCCACCACCCCGICT
{underlined are nucleotides altered to introduce mismaiches), respectively. The sequence of shared primer (S13.2B)
is: GTTGGGGAGGAAGGGGGGCAGCTTGAC. )

Each DNA sample was amplified in two separate reactions with a pair of primers for wild-type or mutant
aliete. -A pair of primers (SI7.2F/517.2B) amplifying a region of 698-bp in exon 25/intron 26 (nt 38978-39675) of
the PKD/ gene were also added for internal controf amplification in both reactions.

RESULTS

Long RT-PCR and nested PCRs of samples from PKDI patients

A long RT-PCR method (Thongnoppakhun et al,, 1999) was performed to study RNA samples prepared from
two patients (TV-3 and I'V-4) of PK015 family. The full-length PKD! cDNA was fractionated into 9 overlapping
fragments by nested PCRs. The presence of products with two different sizes (normat 1,575 bp and a shorter
fragment of about 1,500 bp) were observed in both patients’ samples, using a primer pair amplifying the region
berween nt 3115 and 4689 (Fig. 1A and 1B). The shorter fragment might have resulted from a partial deletion in the
mRNA transcript from the affected allete of PKD/ in these patients, Restriction endonuclease mapping analyses of
the nested PCR product from one patient {T'V-3) in companison with that of 2 noral indrvidual, by using Bspl 286 |,
Hinf'}, Pst 1 and Tagq 1, were carried out to localize the area of deletion, which was found to locate between the first
sites of Hinf'1 and Bsp/286 1 (mt 3347-3477). A new set of primer pair covering the region of nt 3254-3538 were
designed to amplify this region by nested PCR, generating an amplified product of 285 bp in normal samples (Fig.
1A). The samples from the two patientis produced both the normal (285 bp) and a shorter (~219 bp) PCR products,
as well as a slower migrating bard of heteroduplex DNA (Fig. 1C). This data confirmed that there was indeed a
deletion in this region of PKD/! ¢DNA of both patients. Direct DNA sequencing of the smaller PCR product (~210



4 Thongnoppakhun et ak.

bp) from a patient revealed the 74-bp deletion corresponding to nt 3373-3446 in PKD/ mRNA, the nucieotide
positions 1-74 of exon 14 of PKD].

Analysis of genomic DNA

The deletion of 74 nucleotdes of exon 14 of the patients PKD 1 mRNA might resuit from deletion in this
region of the gene or from point mutation located near the exon-intron junction producing an abnormaily spliced
RNA product. A LR-PCR for amplification of PKD/-specific sequence, about 18 kb, from genomic DNA was
developed to eliminate contamination from sequences of the homologous genes. A pair of nested PCR primers
(WT2F and SI3.]1B positoned in exons 13 and 15, respectively) amptifying a region covering exon 14 and both
flanking introns (1,064 bp) were also used for DNA deledon study in exon 14, The results of DNA znalysis in four
patients of PKQ15 family {TV-3, TV-4, [V-il, and V-9) indicated that there was no observable DNA deletion,
particularly in the region of exon 14 of PKDJ.

To identify mutation in exen 14 of PKD/ precisely, 2a DNA segment of 320 bp was amplified by using nested
PCR primer pair (813.2F/S13.2B) and analysed by DNA sequencing. The result demonstrated a hetcrozygous A->T
substitution at the position 26806 (with respect to the sequence of GenBank Accession No. L39891), which is the
first position of the invariable dinucleotdes {(AG) of the splice acceptor site of intron 13, in PXD/ of a panent
siudicd. The substittion was confirmed by sequencing of the opposite strand, and it was present in altogether 6
patients examined, most likely 1o be the PKDI causative mutation in this family.
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Figure 1 A: Diagramamanc representation of the full-length PO/ mRNA {(upper), a long RT-PCR product {middle), and nested
PCR products {lower), The reiterated region m the PO mRMNA (between exons 1 and 32) is represented by the haiched arca and
the unique region {between exons 33 and 46) by the blackened area. The relative locations of the pnmers (THIF/THLE, SI3F/SI3B
and WTZF/SI3.1B, solid arrows) used for amplifying a long RT-PCR product (long solid horizontal line} and the nested PCR
products {shor solid horizontal lines) arc illustrated. A pair of PCR primers (WT2F/SI3.1B) were made for amplification of 285
bp in the region covering the deleted area (lowest) 10 confirm the prediction and for further analysis by DNA sequencing. B:
MNested PCR products amplified from long PKD/<DNA samples with the S13F/SI3B primers from two normal individuals (N1 and
N2) and from two PKD1 patients (TV-3 and TV-4) of PKOLS family. The normal samples showed one fragment of nested PCR
product (1,575 bp} whereas the patients' samples demonstrated rwo fragments (1,575 and ~1,500 bp). Lanc M is 100-bp DNA
ladder. C: The nesied PCR products amplified with the WT2F/S[3.1B primers in the deleted region from the long PEDJ-cIDNA
sampies of two normal individuals (N) and N2) and the two patients {IV-3 and TV-4) of the PK015 family. While the normal
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samnples had only one fragment of 285 bp, the patienis’ samples contained two fragments of 285 and ~210 bp, as well as 2
heteroduplex DNA band. Lane M is 100-bp DNA ladder.

Mutation analysis by allele specific amplification (ASA}

Since the mutaton observed in PKO15 family did not create or abolish the sites of all known restriction
endonucleases, the ASA method was employed 1o detect the mutation in all available members of this family. The
genomic DNA sample from each irdividual was amplified in two separate reactions, with either a pair of wild-type
(13WT/S13.2B) or mutamt {13MU/SI3.2B) primers, together with intemal control (S17.2F/S17.2B) primers in both
reactions. Normal and patient DNA samples consistently produced the internal control PCR product of 6§98 bp.
DNA samples from normnal individuals produced PCR products with the size of 259 bp only in the reaction
containing the wild-type primer pair, whereas those from affected individuals generated PCR products with the size
of 259 bp in both reactions.

Analysis by ASA of 24 members of PK015 family revealed 11 individuals with the PRDJ mutation and 13
individuals without {(Fig. 2). The same results were obiained when the LR-PCR products or the genomic DNA
samples were used for the ASA analysis, indicating that the homologous sequences normally did not interfere with
* the reaction. The mutation linked (Fig. 2) and segregated with haplotype A or its variant (A*) defined by the 5
polymorphic DNA markers. By ASA analysis, the mutation could not be detected in DNA samples obtained from 57
unrelated and healthy subjects.

n e gy i Nl Rer N Y e e =y s ke e - E— G gl ke plaraea ey """-‘-"-

13 fabliaiuemsd e oL 1 AN e e ey T L R ey R Y I - 260 bp

1 2 3 4 5 6 7 8 6 10 11 12 12 14 15 16 17 18 19 20 21 22 28 24

Figure2  Detection of [VS13-2A>T rmutation in PKD/ by allele specific amplification (ASA) analysis in genomic DNA
samples from members of PKCLS family. Pedigree of the family is shown and haplotyes (A to T} in XD/ region of chromosome
16p13.3 as determined by using 5 polymorphic DNA markers are indicated under the symbols. Filled and blank symbals
represent affected and unaffecied members, respectively. DNA sample of each member was analyzed both for wild-type (W)
allele with |IWT/SI3 2B primers and for mutant (M) allele with | 3IMLUV/SI32B primers, producing the same PCR-product size of
259 bp. A pair of internal control primers (S17.2F/S17.2B) were also added into both reactions, generating the PCR-product size
of 698 bp. DNA samples of normal members (nos. 1, 2, 7, 9, 1, 12, 13, 14, 15, 19, 22, 23, and 24) showed only the product of
the wild-type atlele {259 bp) bur those of affected members (nos. 3, 4, 5, 6, 8, 10, 16, 17, 18, 20, and 21) gave the products of both
wild-type and mutant alleles, which had the same size (259 bp). Lane Mr is 100-bp DNA ladder. The mutant alicle linked and
segregated with the designated haplotype A (7.2 kb for 3 HVR, 123 bp for KG8, 121 bp for SM6, 165 bp for 16 AC2.5, and 98 bp
for SM7) or its variant, A* (4.0 kb for 3’ HVR, 123 bp for KG8, 121 bp for SM6, 169 bp for 16 AC2.5, and 98 bp for SMT) with a
possible deletion in the 3' HVR region.

DISCUSSION

We have developed a long RT-PCR method for isolation of the entire PKD/ coding sequence from its mRINA
transeript (Thongnoppakhun et al., 1999) and applied it to study mutation of PKD! in patients with ADPKD. A 74-
bp deletion of exon 14 in a cDNA fragment amplified from the full-length PED/DNA (~13.6 kb) was observed in
two PKD1 patients from the same PK015 family. Subsequent sequencing analysis of genomic DNA surrounding
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exon 14 region of PKD/ obtained by LR-PCR and nested PCR procedures revealed that a nucleotde transversion
{A->T) had occurred at the position 26806 of PKD/. The nucleotide ‘A’ at this position is the first one in the
invariable AG dinucleotide of the splice accepior site in intron 13, Therefore, this IVS13-2A>T mutation was likely
to result in the 74-nt deletion in exon 14 which is brought about by the inactivation of the normal splice acceptor site
and utilization of a cryptic splice acceptor site at the nearby AG dinuclectide, located at position 73-74 in exon 14 of
the PKDF mRNA (Fig. 3A).

When the 3' splice aceeptor site is mutated, the effect may be either exon skipping or cryptic splice site
utilization. This depends on the presence or absence of the next available legitimaie or the next best, atbeit
illegitimate, splice site in the immediate vicinity (Krawczak et al., 1992). The observed RNA processing defect
indicates that the AG dinucleotide at the positions 26880-2688] in exon 14 of PKDI is an available cryptic splice
acceptor site. In normal splice acceptor sites, a pyrimidine tract is always present preceding the AG dinucleotide
(Reed and Maniatis, 1985). A pyrimidine-rich tract, with two purine (GG) substimtions, prior to the AG nucleotide
was observed in the cryptic splice acceptor site in exon 14 of PKDS (TCCTTCCCGGTTCCAG). The finding that
the band intensity of the short cDNA fragment derived from the abnommally spliced mRNA was not reduced
compared with that derived from the normally spliced mRNA (Fig. 1B and 1C) indicates that this cryptic splice
acceptor site 1s used as efficicntly as the normal splice acceptor site in intron 13. Addinonally, the absence of a
shorter cDNA fragment lacking entire exon 14 in the same experimental result indicates that exon }4 skipping
associated with the IVS13-2A>T mutation did not occur.

Since this abnormal PXD7-mRNA was ectopically transcribed in the patents’ peripheral blood tymphocytes, it
15 also highly probably transcribed in the Idneys and in other organs and cells that express polycystin-1. The
resulting protein would have a normal amino-acid sequence for the first 1,054 amino acids followed by an abnormal
sequence of 20 amino acids introduced by a frameshift (after the nucleotide at position 3373 in codon 1054) before a
new stop signal {UGA) at codon 1075 is reached (Fig. 3B). This truncated polycystin-1 lacks the major part of the
exrracellular domain, all the ransmembrane domains, and the cytoplasmic C-termninal portion, which are critica! for
its predicted function as a signal mediator.

A Normal Spilce Branch Splice

donor slte site acceptor site

(Pynin.___AG EEXORAA(AS

mRNA

Cryptk splice
Mutant splice  acceptor site

acceptor slte

G“”’rb Pd— 3" DNA

nltr4 lTIRNA

Exon 13 Exon 14 Exon 14

+
Codon 1054 Codon 10675

Figure 3 A: Diagram showing normal splicing of intron 13 (upper) and abhormal splicing at a cryptic splice acceptor site in exon
14 (lower) duc 10 TVS13-2A>T sutation in the PKDJ gene in the patients of PKO15 family. The cryptic splice acceptor site has
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the sequence of ‘CCTTCCCGGTTCCAG!, homologous to the native splice acceptor site at the inton 13/exon 14 pmcton. The
abnormal splicing resutted in 74-nt deletion of exon 14, leaving 60 nucieotides of this exon. B: Framshifi in protein wanslation
from the abnormal PKDJ mRNA transcript with 74-nt deletion. Parts of protein translations from the normal (upper) and
abnormal {lower) mRNA transcripts are compared. Frameshifling translation occurs after codon 1054 in the abnommal mRNA
transcript, introducing 20 novel amino acids (italic letters), and prematurely terminates at codon 1075,

Using DNA sequencing, this mutation was found in altogether § affected individuals in this family . Tt was also
detected by the ASA method in all 11 available affected members but not in §3 unaffected members. These results
comresponded well with linkage analysis using $ polymorphic DNA markers (Fig. 2). Moreover, the mutation could
not be seen in 57 unrelated healthy individuals by using the ASA method. All these evidences support the notion
that the KD/ mutation identified is the disease-causing gene in this family. The mutation affects PKDJ by causing
‘loss-of-function’, which supports the 'two-hit' hypothesis (Qian et al., 1996; Brasier and Henske, 1997) which states
that both germline and somatic mutations which would inzctivate both alleles of PKD/ are required.

Application of long RT-PCR and LR-PCR protocols for mutation anatysts of PKDJ in the PKDI1 patients wifl
facilitate mutation discoveries, especiaily m the reiterated regron of the gene. Data on PKD/ mutation spectrum will
help us 1o gain a better understanding of polycysun-1 function, the molecutar pathogenesis of PKD1, and phenotypic
expression in PKD) patients.

ACKNOWLEDGMENTS

We thark to Dr. Prida Malasit, Head, Medical Molecular Biology Unit, Office for Research and Development,
Faculty of Medicine-Siriraj Hospital, Mahido! University, for atlowing to use tzboratory facilitics; staff of Renal
Unit, Department of Medicine, Faculty of Medicine-Siriraj Hospital for collection of patients’ blood samples; and ali
the patients and laboratory personrel who donated the blood samples. This work was partly supported by a grant
from the Faculty of Medicine-Siriraj Hospital. P.W. is also a senior research scholar of the Thailand Research Fund.

REFERENCES

Brasier JL, Henske EP (1997) Loss of the polycystic kidney disease (PKD/J) region of chromosome 16p13 in renal cyst cells
supports a loss-of-fmction mode! for cyst pathogenesis. ] Clin Invest §9:194-199.

Burn TC, Connors TD, Dackowski WR, Petry LR, Van Raay T), Millholland JM, Venet M, Miller G, Hakim R, Landes GM,
Klinger KW, Qian F, Onuchic L¥, Watnick T, Genmino GG, Doggett NA (1995) Analysis of the genomic sequence for the
autgsomal dominant potycystic kidney disease (PKDI) gene predicts the presence of a leucine-rich repeat. Hum Mol Genet
4:575-582

Dalgaard OZ (1957) Bilateral polycystic diseasc of the kidneys: a follow-up of two hundred and eighty four patients and their
farnities. Acta Med Scand 328:1-255,

Daoust MC, Reynolds DM, Bichet DG, Somlo S (1995) Evidence for a third genetic locus for autosomal dominant polycystic
kidney disease. Genorucs 25:733-736.

Germino GG, Somlo §, Weinstat-Sasiow D, Reeders ST (1993) Positional cloning approach to the domninant polycystic kidney
disease gene, PKD/. Kidney Int Suppl 39:520-525,

Harris PC, Thomas S, Ratcliffe PJ, Breuning MH, Coto E, Lopez LC (1991) Rapid genetic analysis of families with polycystic
kidney disease | by means of a microsatellite marker. Lancet 338:1484-1487.

Hughes J, Ward CJ, Peral B, Aspinwall R, Clark K, Sanmillan Ji., Gamble V, Harris PC (19935) The polycystc kidney disease i
(PKD1I) pene encodes & novel protein with multiple celt recognition domains. Nat Genet 10:151-160.

Krawczak M, Reiss J, Cooper DN (1992) The murational spectrum of single base-pair substinutions in mRNA splice junctions of
human genes: causes end consequences. Hum Genet 20:41-54.

Kwek S, Kellogg DE, McKinney N, Spasic D, Goda L, Levenson C, Sninsky IJ (1990) Effects of primer-template rismatches on
the polymerase chain reaction; human immunodeficiency virus type 1 mode! studies. Mucleic Acids Res 18:999-1003.

Mochizuki T, Wu G, Hayashi T, Xenophontos 51, Veldhuisen B, Saris I3, Reynolds DM, Cai YQ, Gabow PA, Pienides A,
Kimberling WJ, Breuning MH, Belas CC, Peters DIM, Somlo, S (1996} PKD2, a gene for polycystic kidney disease that
encodes an integral membrane protein. Science 272:1339-1342.



8 Thongnoppakhun et ak

Newton CR, Graham A, Heptinstall LE {1989} Analysis of any point mutation im DNA. The amptification refractory mutation
system (ARMS). Nucleic Acids Res 17:2503-2516.

Peral B, Ward C), Sanmillan JL, Thomas §, Stallings RL, Moreno F, Harris PC (1994) Evidence of linkage disequilibrium in the
spanish polycystic kidney disease [ population. Am J Hum Gepet 54:899-908.

Perul B, Sanmilian JL, Ong ACM, Gamble V, Ward CJ, Strong C, Hamis PC (1996) Screening the 3' region of the polycystic
kidney discase 1 (PXDJ) gane reveals six novel mutations. Am 3 Hum Genet 58:86-96.

Peral B, Gamnble V, Strong C, Ong ACM, Sloanestantey ¥, Zerres K, Winearls CG, Harris PC (1997) Identification of mutations in
the duplicated region of the polycystic kidney dissase | gene (PXD1) by a novel approach. Am J Hum Genet 60:1399-410.

Peters DIM, Sandkuijl LA (1992) Genetic heterogeneity of polycystic kidney disease in Europe. In: Breuning MH, Devoto M,
Romeo G (eds) Commibutions to nephrology 97: polycystic kidney disease. Basel, Karger, p 128-139.

Qian F, Watnick TJ, Onuchic LF, Germine GG (1996) The molecular basis of focal cyst formation in human autgsornal domimant
polycystic kadney disease type L. Cell 87:979-987.

Ravine D, Gibson RN, Walker RG, Shefficid L), Kincaid-Smith P, Danks DM (1994} Evaluation of ultrasonographic diagnostic
eriteria for autosomsl dominant polycystic kidney disease §. Lancet 343:824-827.

Reed R, Maniatis T {1985) intron sequences involved in laniat formation during pre-mRNA spliciag. Cell 41:95-105.

Reeders ST, Breuning MH, Davies KE, Nicholis RD, Jarman AP, Higgs DR, Pearson PL, Weatherall DJ (1985) A highly
polymorphic DNA marker linked to adult polycystic kidney disease on chromosome 16. Nature 317:542-544,

The European Polycystic Kidney Disease Consortium (1994) The polycystic kidney disease 1 gene encodes a 14 kb ranseript and
lies within a duplicated region on chromosome 16, Cell 77:881-94.

The International Polycystic Kidney Discase Consortium {1995) Polycystic kidney discase: The complete structure of the PKD
gene and its protein. Cell 81:289-298.

Thompson AD, Shen Y, Holman K, Sutherland GR, Callen DF, Richards RI {1992} Isolation and characterisation of (AC)n
microsatellite genetic markers from human chromosome 16. Genomics 13:402-408. ’

Thongnoppakhun W, Wilairat P, Vareesangthip K, Yenchisomanus P (199%) Long RT-PCR amplification of the entire coding
sequence of the polycystic kidney disease | (PKD1) gene. BioTechuiques 26:126-132.

Watnick T3, Piontek KB, Cordal TM, Weber H, Gandolph MA, Qian F, Lens XM, Neumann HPH, Germino GG (1997} An
unusual pattern of mutation in the duplicated portion of PKD/ is revealed by use of a novel strategy for mutation detection.
Hum Mol Genet 6:1473-81.



immuachiolugy (2001 205, pp. 639 - 663
© 2001 Urban & Fischer Verlag Lrpagroanzse
hup:d e urbanfischerdefjouenalsfimmunebrol -

'Deparsment of Clinical tamunology. Faculty of Assoctaced Medical Sciences, “Deparument of Bio-
chemistry, Faculty of Medicine. "Medical Biotechnology Ugir, The National Cencer for Genetic
Engineering and Biotechnology of che Nadonal Science and Technology Development Agency, Faculey
ot Assoctated Medical Sciences. Chiang Mar Universic, Chiang Mai. Thailand. and "astiture of
Immunology-Vienna Inwrnational Rescarch Cooperation Center ac NFL Univernsine of Vienna,
Vienna, Austria

Engagement of CD147 Molecule-Induced Cell Aggregation
through the Activation of Protein Kinases and
Reorganization of the Cytoskeleton

PanIDA KHUNKEAWLA', SEANGDEUN MOONSOM' ', GUENTHER STAFFLER™,
PRACHYA KONGTAWELERT", and WATCHARA KASINRERK!

Received Seprember 19. 2000 - Accepred in revised form January 31. 2001

Abstract

CD147 is a broadly expressed cell surface modecule of the immunoglobulin superfamilv whose expres-
sion is up-regulared upon T cell actvarion. Engagement of CD147 by CD147 moncclonal antibodies
{mAbs) has been shown to induce homotypic aggregation of U937 cells. To study intracellular signal
transduction induced by dhe engagement of CD 147 molecules, prorein kinase C (PKC) and protein tyro-
sine kinase {PTK) inhibitors were used o inhibis cell aggregation. The resules indicared that a PKC
inhibitos sphingesine, and a PTK inhibitor. herbimycin A, inhibited CD147 mAb-induced cell aggre-
gation in a dose-dependent manner. In contrast o herbimycin A, a PTX inhibitor, genistein, enhanced
il aggregation, This discrepancy may be due to the differendial effect of herbimycin A and genisiein on
the targer cells. Effect of actin filamene polymerization blocking agent. cyrochalasin B, was also studied
and it was found that cyrochalasin B completely inhibited CD147 mAb-induced celt aggregadion. This
result implied that U937 cell aggregation induced by CD 147 mAbs is associated with cyioskelecon reor-
ganization. Thus, our observations suggest thar cell aggregasion induced by the engagemenr of CD147
with specific mAbs depend upon the activation of protein kinuses and a fsncrional cvroskeleron.

Introduction

CD147 is a human leukocyte surface protein, which was designated ac che 6" incer-
national Workshop on Human Leukocyte Differentiation Antigen (HLDA) (1}, [tis a
glycoprotein of 50,000-60,000 Dalton having typical features of a type [ integral mem-
brane protein of che lg superfamily (1, 2). CD147 is also known as M6 anrigen (3},
extracellular matrix mewalloproteinase inducer (EMMPRIN) (4), or human basigin (5).

* S MOONSOM s research assiseane supporeed by The Nagional Science and Technology Development
Agency of Thailand (INSTDA}.
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The CD147 molecule is broadly expressed on human peripheral blood cells, endothetial
cells. hemopoietic and nun-hcmopnietic cels (1. In T cells, ics expression is up-regular-
ed upon activation (2. 3. 6).

The Funcnon of the CD147 molecule is not fully understood. However, investiga-
tions of the 6" HLDA workshop suggested that CD147 is potential adhesion mole-
cule with an unknown counter receptor (1). It may be involved in signal transduction
and cell adhesion function, either directly as a signal transmitting adhesion molecule or
as 2 regulator of adhesion. Upon interaction with fibroblasts, CD 147 molecules seem to
be respansible for the induction of expression of the matrix mewlloproteinases. intersti-
tial collagenase. gelatinuse A and stromelysin-1 (4, 7). Cerrain CD147 mAbs inhibiced
homorypic aggregation of the estrogen-dependent breast cancer cell line MCE-7. as well
as MCE-7 cel] 3dheszon o vpe IV collagen. fibronectin and laminin (8). Furthermore,
CD147 was found o co-precipitace with &;8, and o3, integrins and to co-localize
with these integrins in areas of cell-cell contact (9). Recently, we Rave reported that some
CD147 mAbs induced homotvpic cell aggregation of U937 cell line (6). Cell aggrega-
tion induced by the engagement of CD147 using mAbs to CD147 was described as a
LFA-1/ICAM-1-dependent pathway (6},

[n the peesenc paper, more detailed molecular funcrion of the CD147 molecule was
investigated. We analyzed the molecular mechanism underlving CD147-mediazed cell
adhesion. Our resules indicate that the PKC inhibicor, sphingosine, and PTK inhibicor.
herbimycin A, inhibit CD147 mAb induced cell aggreaarion However, the PTK inhib-
itor, genistein, enhances cell aggregarion. The actin filament blocking agent, cytochala-

sin B also iohibits cell aggregarion induced by CD 147 mAb.

Materials and Methods

Cells, reagents ond antibodies

Human monocytic cell line, U937, were maincained in RPMI-1640 medium supplemented with 10%
feral bovine serum (FBS) (Gibeo, Grand Island, NY, USA). 40 ug/ml gencamicin and 2.5 pug/ml
amphotericin B in 2 humidified atmosphere of 5% CQ, ar 37°C. Seable CD147 expressing mouse
BW cells were established by the srandard retroviral gene wransfer and thac it was kindly provided by
Dr. H. STOCKINGER, Instirute of Immunology-Vienna International Research Cooperation Center at
NFI. University of Vienna, Auszria. BW cells were maintained in RPMI-1640 containing 10% FBS
and ancibiocics.

Cwtochalasin B, genistein and sphingosine were purchased from Sigma (Sigma. St, Louis, MO,
USA). Herbimycin A was purchased from Gibco. All reagenss were dissolved in. DMSO (Sigma).
CD147 mAbs including MG-1D4 (6), M6-1F3 (6), MO-1E9 {6), MG-2F9 (6) and MG6-2B1 (unpub-
lished observation), CD4 mAb MT4 {10} and un—clustered mAb P-3E10 (unpublished observation)
were generated in our deparement. For purification of the mAbs. affinity chromarography was used.
[gM isorype mAbs were purified from ascires by using an anti-mouse IgM coared sepharose column
{Zvmed Laberatory lac., San Francisco, CA, USA} according 1o the method described elsewhere (11).
lgG isorvpe mAbs were purified by using 2 protein A coared sepharose column (Zymed).

Homotypic cell aggregation assay

U937 cells were washed three rimes with RPM1-1640 medium and resuspended to 2 concentration of
2x10° cells/m! with PM1-1640 supplemenced with 10% FBS, 40 pg/ml genramicin and 2. Sp.g/ml
amphotericin B. Oac hundred and fifey microliters of cell suspension were then distributed into 96-



Engagement of C1147 motectle-induced cell aggregadon - 661

well Hat-boromed microplares (NUNC. Rasklide. Denmark). Purificd maAbs were added o each well
to a tinal concencration of 1) ga/ml e obrin a wal volume of 250 pl. Plares were incubaced o a
CO, incubacor and examined for homotypic cell aggregadon under a phase-contrast inverted micro-
sope (Olympus. Tokyo, fapan) w various time peines. The degrees of cell aggregation were seared as
tollows: 0, no aggregation (>91% ot cells were un-aggregnred)s L+, che majority of cells were un-aggre-
gated, but a few small clusters of celbs (19 cellsfaggregate) weee observed: 2+, some cells were it muedi-
um-sized aggregires (6—10 cells), wich the rematnder being single cellss 3+, cells were in medivm-sized
to large aggregates {10-20 cells): and 4+, cells were in laege aggregates (> 20 eellsfaggregace). 1o che
cuse of cell aggregation being more than that described for 4+. 2 scare of » 4 was given. Photographs
were taken wich an Olvmpus cumera under an inverred microscope.

Effect of herbimycin A, genistein, phingosine and cytochalasin B on cell oggregotion

To study the effece of herbtmycin A and geniseein on CO147 mAb induced cell aggregarion. UY3™
cells were pre-cultured wich herbinwein A or genistein for T h, chen purified mAbs were added. To
study the effect of sphingasire. U937 cells were pre-incubared with sphingosine ar 37°Cin a 3% CO,
imcubator tor 15 min. Cells were washed nwice aod re-cultured wich purified mAb M6-10+. For vvio-
chalasin B. cells weee cultured with evrochalasin B in che peesence of mAb. Homorypic cell aggrega-
tion was determined under a phase-contrast inverted microscope at various time points,

Results
Engagement of CD147 motecule induced homotypic cell oggregotion

CD147 molecule was demonstrared o be involved in cell-cell interaczion (1, 6, 8, 9). In
this study, five CD147 mAbs were studied for induction of homotypic aggregation of
[J937 cells. As shown in Table 1, three CD147 mAbs, MG-1D4, M6-1F3 and MG-2F9,
were found to induce cell aggregation, whereas, others (MG-1E9 and M6-2B1) did noc.
Cell aggregation was observed as time-dependent manner. Irrelevant mAbs, MT4 and

Table 1. Homotypic aggregazion of U937 cells induced by CD147 mAbs

Purified mAbs Degree of cell aggregation®

Incubation time (hr)

2 4 G 8 24
None - - - - -
P-3E10 - - - - -
MT4 - - - — -
M6-1D4 | 1 2 3 4
MG-1F3 2 3 3 3 4
MG-1E9 - - - - -
M6-2B1 - - - - -
MG-2F9 2 2 2 3

U937 cells were cuttuced in the presence or absence of indicated mAbs {10 pgfml). Homooypic cell
aggregation was determined under an invereed microscope st various time points. -~

* Degree of cell aggregation was graded as described in Materials and Methods. Resules are represen-
tative of 7 separare experiments,
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P-3E10, did noc induce cell aggregation {Table 1). These results demonstraced thar the
engagement of CD147 molecules with certain specific antibodies induced homocypic
aggregacion ot U937 ceil line.

To confirm that all CD 147 mAbs used are specitic for CD147, ull CD147 mAbs were
used o stain a stable CD147 expressing transfectane, famed BW-CD147. by indirect
immunofluorescence and analyzed by How cyrometry. Alt CD 147 mAbs strongly react-
ed to the BW-CD 147 cransfectants, but did not bind the un-transfecred BW cells (daa

not shown).

lnvolvement of PTK and PKC in CD147 mAb-medioted homotypic oggregation

In the engagement of CD147-induced celi aggregasion, this molecule may funcrion as a
signal-transmizdng molecule. We. therefore, examined whether PTK and PKC were
involved in cell aggregation after the engagement of CD147. U937 cells were cultured
with CD147 mAbs in the presence or absence of PTK inhibitors. herbimvein A or
genistein, or PKC inhibitor. sphingosine. The resules showed chat in the presence of hes-
bimycin A, the degree of cell aggregation was decreased in a dose-dependent manner
when compared 1o ceils cultured in the absence of the inhibiter (Fig. 1 and 4). In con-

4 1h 4 6 h.
E3
5
]
e
=
s 1 M
E
3
51 I
i n B
O eDE MOIFs  SBES  MOSBI ME-IEa MOIDY Vi61F3  MG-IEY NGB ME-ZFY
1
4 %h 24 h.
i3 i
E :
E: :
—‘ hal : v
30
20 !
2 .
] } ] 1
Mao-1TH Mb-11-3 Mol MG Mify-2§70 Me-114  Ab-1F3 Me-1E9 MG MG-21Y

Fig. 1. Effect uf herbimycin A on CD 147 mAb induced U937 cell aggregation. U937 cells were trear-
ed with herbimycin A ar 0 (dark bars), 50 {(white bars) and 3080 ngfmi (gray bars) in the presence of
the indicated CR147 mAbs for 4. 6. 8 andd 24 h. Results are represenragive of 3 sepasate experiments.
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Fig. 2. Effect of genistein on CD147 mAb induced U937 cell aggregarion. U937 cells were treated
with genistein ar 0 {dark bars), 3 {whice bars} and 12 pg/mi {grav bars) in the presence of the indicat-
ed CD147 'mabs for 4, 6, 8 and 24 h. Resules are representative of 3 separate experiments.

Degree af eell aggregation

o623 1.25 25 3 12 Me-114 Luiy
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Fig. 3. EHece of sphingusine on CD147 mAb-induced U937 cell aggregadon. U937 cells were trear-
ed with sphingosine at indicated concentrations and incubaced wich mAh MG6-tD4. As conrrols,
U937 cells were culeured withour sphingosine in the presence or absence of M6-1D4. Resules are re-
proseacative of 3 separate cxpueriments.
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Fig. 4. Photomicrography (X100} ofhomorvpic cell aggregacion induced by CD147 mAb. U937 cells
were tweated with sphingosine 20 mM 1AL, genistein 12 pg/mi (B, or hcrblmvcm A 500 ngiml (),
in the presence of mAb MG-104. U937 cells cultured with or without mAb M6-1D4 in the absence
of inhibitor arc shown in D and E. respectivelv,

trase, genistein rrearment enhanced cell aggregarion in a dose-dependent manner (Fig. 2
and 4). Incerestingly, M6-1E9 and MG-2B1 which by themselves did nor induce cell
aggregation {Table 1), but with the trearment of genistein, these mAbs markedly
enhanced cell aggregarion (Fig. 2). In PKC signaling pathway, sphingosine inhibited
mAb M6-1D4-induced cell aggregation (Fig. 3 and 4). Culturing cells with the inhibi-
tors in the absence of CD147 mAbs way also tested for determining the effect of all
inhibicors used on U937 cells. The results showed chat the inhibitors alone did not
induce U937 ccll aggregation (data not shown). As all inhibitors used were dissolved in
DMSO, the efect of DMSO diluent was examined and showed no effect on cell aggre-
gation (data not shown), Avall concentradons of the inhibirors used, by tsypan blue dye
exclusion rest, cell viability was greater than 95%.



Engageneat of CD147 malecule-induced cell aggregadion - 665

8 h.

[

fhepree al well uppregainm

) n > 136 [T N [ 1 5 SR I 5
rtochadusin B (uy inlh only onl

4. 24k,

Phepree ol ¢ell agg regitting

o5 6.25 L.56 0539  Me-iD4 1937
Cyvochalasin 8 {up/mi} only only

Fig. 5. Effect of cytachalasin B on CD147 mAb-induced U937 cell aggregacion, U937 cell line was
incubated with MG-1D4 in the presence of cycochatasin B at indicated concentracions for 8 and 24 h.
As conrtrols, U937 cells were cultured without cytochalasin B in the presence or abscnce of M6-1D4.
Results are representarive of 3 separare experiments.

Homotypic aggregation of U237 cells triggered via CD147 depends upon
a functional cytoskeleton

Celt aggregation associated with cytoskeleton reorganization has been demonstrared
(12-135). To analyze whether actin filament polymerization is required for cell aggrega-
tion induced by CD147 mAb, an actin filament blocking agent was used o block cell

regation. As shown in Figure 5, paralysis of the cytoskeleton by cyrochalasin B
strongly inhibited U937 cell aggregation induced by mAb M6-1D4. Cell viabilicy in the
presence of the inhibitor was greater than 90%. These results indicate the requirement
for an intace cyroskeleton for induction of cell aggregation by CD147 mAb.

Discussion

The CD147 is a widely distributed cell surface molecule with two immunoglobulin-itke
- domains that may be involved in cefl-cell interaction {1-9). We recently demunstraced
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that certain CD 147 mAbs induced homotypic aggregation of U937 via LFA-t/ICAM-|
pathway (6). Ir was speculaced chac the binding of CD147 mAb to CD147 molecule,
which mimics the natural ligand binding, may generate intracellular signal(s) char acti-
vate LFA-1/ECAM-1 incracellular adhesion pathway. In the present study, we further
investigated the signal rransducrion induced by CD 147 molecule engagement.

Signal transduction, the process of transmission of an excracellular message to the
interior of che cell, requires the activation of specific cell membrane receprors and down-
stream intraceltular signaling cascades. Engagement of a aumber of cell surface mole-
cules can increase LFA-1-mediated adhestves through an “inside-ouc” signaling pathway
(16-19). Several reports have demonstrated thar the homotypic aggregation induced by
several mAbs are mediared by PKC and/or PTK-dependent intracellutar signaling path-
way (15-17, 19-22). We. therefore. asked whether PKC and/or PTK-dependent intra-
cellutar signaling pathways are involved in CD147 mAb-mediated cell aggregation. Our
results show ¢hat a PKC inhibitor. sphingesine (23-25). and a spcaﬁc PTK inhibirtor.
herbimycin A {26, 27). blocked cell aggregadion induced by CD147 mAbs in a dose-
dependent manner. This finding indicates chat CD147 molecule-mediated cell adhesion
of U937 cells is an active process involving PTK and PKC-dependenr ineraceltular sig-
naling pathways.

[n contrast t¢ herbimycin A, a PTK mhlbltor genistein (28, 29) enhanced celi aggre-
gation induced by CD 147 mAbs. The enhancmg effect was clearly observed when the
CD147 mAbs M6-1E9 and M6-2B1, which by itself did not induce cell aggregation,
were used. Herbimycin A as well 25 genistein are known as the potent inhibirors of pro-
tein ryrosine kinase with different modes of action (26-29). Trearment of human mela-
noma celis with herbimycin A did not increase the expression of deNAC-gangliosides on
cell surface, whereas a significant increase was observed with genistein treacment (30).
Herbimycin A markedly inhibited boch the resting and induced levels of phosphortyro-
sine-containing proceins, including the gamma 1 isozyme of PLC and zeta chain of the
TCR, and prevented activaton of PLC by ant-TCR mAb. It did nor inhibic activation
of PLC by heterologaus human muscarinic recepror (HM1). In contrast, genistein had
much less pronounced effect than herbimycin A on the appearance of fyrosine phos-
phoproceins. Moreover, genistein inhibited activation of PLC by both the TCR and
HM1 (31). In addition, genistein was cytoroxic and merely inhibited protein synchesis
in both cell line and peripheral blood tympbocytes. Herbimycin A, however, was not
cyrotoxicity. Therefore, hetbimycin A, but not genistein, is suggested as a specific in-
hibitor of PTKs in T cells (31). KANATANI et al. demonstrated thac genistein exhibired
preferential cytoroxicity to a leukemogenic variant, but induces differenciation of non-
jeukemogenic variant of the mouse monocytic leukemia Mn celi line. In conerast, her-
bimycin A inhibited the growth of non-leukemogenic variant (32). In the regulartion of
ion channels, genistein, but not herbimyein A, activates Cl-channels and the Na+/
K+/2Cl- cotransporter (33). This stimulatory effect of genistein is not mediated
through its inhibitory action on PTK, burt rather the structure of favone itsef. In the
present study, the differential effect of herbimycin A and genistein on CD147 mAb-
induced cell aggregation is, however, still unknown. This may be due to the effect of
genistein on a mechanism independent of its effects upon tyrosine kinases (34, 35) or
that genistein has a selective effect on specific tyrosine kinases that are noc affected by
hérbimycin A {29, 30). Furcher studies are needed to delineate the molecular mechanism
of the effect of genistein on enhancing cell aggregation.
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Cell adhesion mediated by integrins, including LFA-1 and ICAM-1, requires an
intact cytoskeleton for the establishment and maincenance of stable cell conjugation
(36-38). As the engagement of CD147 induced U937 cell aggregation is reported to be
ICAM-1/LFA-1 dependence (6), we therefore evaluated the effect of actin filamenc poly-
menization blocking agent or CD 147 mAb-induced cell aggregation. By using an acrin
filament polymcnzauon blocking agent, cytochalasin B, paralysis of the cvroskeleton
completely abrogated celi aggregacion induced by CD 147 mAb. These results imply thac
U937 cell aggregation induced by mAb to CD 147 molecule is associated with cvtoskel-
eton reorganizacion, as was described for LFA-1/ICAM-1 interaction (36-38).

[n summary, we are providing evidence here that the engagement of the CD147
molecule by specific mAbs activate PKC and PTK intracellufar signaling pachways in
U937 cells resulting in cell aggregacion. A funcrional cytoskeleron is also required for the
inducrion of cell aggregagion.
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Abstract '

DNA immunization, in theory, is of great interest as a source of specific antibodies against different antigens. In an attempt
1o produce polycloral and monoclonal antibodies against cell surface molecules by using the DNA immunization strategy,
mtramuscular and intrasplenic routes of DNA injection were compared. Two to five, but not a single, intramuscular DNA
gnmunizations induced anti-CD54 and anti-CD147 antibody produclion. [ contrast, a single intrasplenic immunization of
{D54-cncoding DNA could induce anti-CD354 antibody production. Te produce monoclonal antibody (mAb), spleen cells
obtained from an intrasplenic CD54-encoding DNA immunized mouse were fused with myeloma cells using the standard
iybridoma technique. A hybridoma secreting specific mAb to CD 54 was established. The generated mAb reacted to CD54 protein
expressed on transfected COS cells and various cell types, the same as using standard CD354 mAb MEM-111. Our results
demonsirated that direct immunization of antigen-encoding DNA into spleen is an effective route for production of both
‘polyclonal and monoclonat antibedies to cell surface molecules, This finding is very useful for the production of antibodies to cell
surface molecules where the protein antigen is not available or difficult to prepare, but cDNA encoding the corresponding protein
& available. © 2001 Elsevier Science B.V. All rights reserved.

Keywords: CD34: DNA immunization; [atrasplenic immunization; Monoclonal aniibedy

Monoclonal antibodies directed against leukocyte
surface molecules are powerful reagents for biochemical
and functional characterizations of the corresponding
proteins. To generate a mAb to a molecule where the
protein antigen is nol available or difficult 10 prepare,
but ¢cDNA encoding the corresponding protein is avail-
able, DNA immunization is, therefore, very useful. Few
reperts have demonstrated the use of this strategy for
production of mAbs 1o molecules of interest [8.9].
However. in our attempts to produce mAbs to leuko-

1. Introduction

Immunization with plasmid vectors encoding protein
antigens derived from pathogens or tumor cells, termed
DNA immunization or DMNA vaccine, has been re-
poried to induce protective immunity in several animal
modeis [1-3]. The theoretical advantages of DNA im-
munization over conventional vaccines including, (1)
the induction of both antibody and celi-medialed im-

mune responses; {2) the relative ease of production; and
{3) the ability to express proteins intracellulacly for the
induction of cytotoxic T cell (CTL) responses. In addi-
tion. the DNA immunization strategy has been used as
a tool for production of the hyperimmune globulin
products [4-7].

* Corresponding  author, Tei: 4+ 66-53-946043: fax;  + 66.53-
6043,
E-mail address: walchara@chiangmai.ac.th {W. Kasinrerk).

cyte surface proteins by intramuscularly immunization
of antigen-encoding DNA, unsuccessful experiments
were obtained (unpublished observations). Direct im-
munization of protein aniigen into spleen (i.e. wn-
rasplenic immunizalion) has been reported as an
eflective method for the production of polyclonal and
monoctonal antibodies [10-20]. Direct immunization of
plasmid DNA into spleen may, therefore, be a possibie
alternative route for production of both polyclonal and
monoctonal anlibody.

DI65-2478/01/5 - sce Mront matler © 2001 Elsevier Science B.V. All rights rescrved

Fli: S0165-2478(00)00321-7
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In the present report, we comparcd Lwe plasmid
DNA immunization routes, intramuscular and in-
tasplenic, for the production of polycional antibodics
Ib cell surface molecules. [t was demonstrated that a
gngle DNA immunization by intrasplenic route could
Wduce antibody production, whereas, a single-dose in-
tamuscular immunization couid not. Furthermore, by

ming intrasplenic immunization, an anti-CD54 mAb

gould be generated by DNA immunization.

2 Materials and methods
L1 Cells and antibodies

Human monocytic cell line, U937 cells, were main-
fgined in RPMI-1640 medium supplemented with (%
fetal bovine serum (FBS) (Gibco, Grand Island, NY),
40 tg/m] gentamicin and 2.5 pgfm] amphotericin B in a
humidified atmosphere of 5% COQ, at 37°C. COS7 cells
were cultured in MEM (Gibeo) containing 10% FBS
and antibiotics. Purified CD54 mAb MEM-111 (1gG2a)
RI] were kindly provided by Dr Vaciav Horejsi (Insti-
fute of Molecular Genetics, Academy of Sciences of the
Czech Republic, Prague, Czech Republic). FITC~onju-
gated rabbit F(ab’)2 anti-mouse immunoglobulin anti-
bodies was purchased from Dako (Glostrup,
Denmark).

22. Preparorion of plasmid DNA

tDNA encoding CD54 protein inserted into an eu-
karyotic expression vector pCDMS8 (designated CD54-
DNA) was a kind gift from Dr Hannes Stockinger,
\University of Vienna, Vienna, Austria. cDNA encoding
CD147 protein, named CD147-DNA, was generated in
our Department [22]. For large-scale preparation, the
pasmid DNA were transformed into Escherichia coli
'MC1061/p3. The ptasmid DNA were then isclated
‘liom transformed £. coli by Qiagen chromatography
ceoiumns (Qiagen, Hilden, Germany). The plasmid
DNA obtained were resuspended subsequently in PBS.
The concentration and purity of DNA preparation
were deternined by OD260/280 reading. DNA were
glored at — 20°C, until injected into mice.

The isolated plasmid DNA were proved for expres-
ision of the corresponding proteins by using the COS
‘eell expression system and indirect immunofluorescent
Htaming of the transfected COS cells with specific
\mAbs.

23 DNA inwnunization
For intrantuscular immunization. BALB/c mice were

Hnjected one or five times al 2-week intervals by intra-
muscular route al the hind legs (100 pg of DNA per

dosc). For intrasplenic immunization, mice were ancs-
thetized with dicthylether. The skin and peritoneum on
the left side of (he body was open 1o expose Uhc spleen.
Fifty microliters (100 pg) of plasmid DNA were in-
jected into the spiecn. The peritoneum and skin were
then closed by fine sutures. Blood samples were col-
lecled (rom the immunized mice by tail bleeding at
2-week intervals. Sera were separated and stored at
—20°C. ’

2.4. Hybridoma production

Spleen cells were collected Irom CD34-DNA in-
trasplenic immunized mouse and fused with P3-
X03Ag8.653 myeloma cells by the standard hybridoma
technique using 50% polyethylene giycol. Aller HAT
medium selection, culture supernatants were first ana-
lyzed for antibody reactivity against CDS54 expressing
U937 cells using indirect immunofiuorescent assay. The
positive supernaiants were then differeatially screened
lor CD34 specificity using CD54 transfected COS cells.
The positive hybridomas were subcloned by limiting
dilution. The isotype of antibodies was determined by
using the isotyping enzyme-linked immunosorbent as-
say kit (Sigma, St. Louis, MQ).

2.5, Immunofluorescence analysis

To determine antibodies in the sera, indirect immu-
nofluorescence was carried out. To block nonspecific
Fe-receptor-mediated binding of antibody, U937 cells
were pre-incubated for 30 min at 4°C with 10% human
AB serum before staining. Blocked celts were then
incubated for 30 min at 4°C with tested sera. After
washing, cells were incubated with FITC-conjugate for-
30 min. Membrane fluorescence was analyzed on a
FACSCalibur (Becton Dickinson, Sunnyvale, CA) flow
cytomeler.

The reactivity of anti-CD354 mAb with peripheral
blood celis was assessed by indirect immunofluores-
cence using the lysed whole blood staining method.
EDTA-blood was incubated with tested mAb lor 30
min at 4°C, After -washing, ceils were incubated with
FITC-conjugate for another 30 min at 4°C. RBCs were
lysed by using RBC lying solution {Becton Dickinson).
Membrane fluorescence was then analyzed by using a
flow cylometer (FACScaltibur, Becion Dickinson). fFor
flow cytomelry analysis, individual populations of
blood cells were galed according Lo their forward and
side scaller characleristics.

2.6. DEAE-dextran transfection of COS cells
Plasmid DNA were transfected into COS cells by (he

DEAE-dextran transfection method. Briefly, | x 10°
COS cells were transferred to 6-cm tissue culiure dishes
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n. Cells were incubated with 2 ml of MEM con-
aining 250 pg/ml DEAE-dextran (Sigma), 400 pM
“thloroquine diphosphate (Sigma) and 2 pg DNA for 3
‘hat 37°C. Supernatant was removed and cells were
Areated with 10% dimethyl sulfoxide (DMSQ) in PBS
dor 2 min at room temperature. Cells were then cul-
ored in MEM containing 10% FBS overnight, washed
once, and re-cultured with the same medium for an-

esults

L Production of polyclonal antibodies bv
nization of plasmid DNA encoding CD34 and

In order 1o produce antibodies t¢ human Jeukocyte
uface molecules by injection of antigen-encoding plas-
mid DNA., intramusular immunization and direct im-
nzation of plasmid DNA into spleen werc used as
dtoculation routes. In this study, plasmid DNA encod-
g CD34 and CD147 protein, termed CD54-DNA and
147-DNA. respectively, were prepared by using Qia-
g0 chromatography columan. The plasmid DNA ob-
tained were able 1o express the corresponding proleins
i transfected COS cell surfaces {data not shown).

tolle scied at 2-week intervals rom each mouse were first
seened for the presence ol anti-CD54 or anui-CD147

Fig. |, Antibody response in mice intramuscularly immunized with CD54-encading DNA (A} or CDU47-cncoding DNA (B). Groups of mice were
munized on days 0, 14, 28, 42 and 56 (solid lines) or single immunization at day 0 (dashed lincs). Seca from blood deawn periodically were
d by indirect immunofiuoresoencs and Row cytomery using CD354 and CD147 expressing U937 cells as anuigens.

antibodies by staining U937 cells. As shown in Fig. |
sera from all five-doses intramuscularly immunized
mice (8/8) reacted to U937 cells. In contrast, none of
the sera from single-dose intramuscufarly immunized
mice (0f4) reacted to U937 cells. Interestingly, sera
obtained from two out of four single-dose intrasplenic
immunized mice showed positive reactivity (Fig. 2).
To confirm that the generated antibodies after plas-
mid DNA immunization were specific for CD54 and
CD147 protein, CD54-DNA and CD147-DNA trans-
fected COS cells were stained with the positive sera. As
predicted, sera obtained from CD54-DNA immunized
mice reacted to CD354 transfectants, but did not react to
mock transfectants (data not shown). Sera obtained
from CDI147-DNA immunized mice bound CDI147
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Fig. 1. Amibody responst in mice intrasplenic immunized with Ci2534-
encoding DNA, Mice were single immunized on duys 0 and sera from
blond drawn periedically were analyzed by indirect immunofluores-
cenee nad Now cylomery using CD$4 expressing U$37 cclls as anui-
ECRs.
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‘ﬁJ Immunofluorescence analysis of 1he reactivity of mAb MT54 with U937 (A), K562 (B), Daudi {C). Moli4 (D), Jurkat (E) and Sup T1 {F}.

WH lines represent the immunofiuorescence profiles of cells stained with indicaied mAb and dashed lines represent background ftuorescence of

Iugauw: control mADb.

hnsfcclanls but did not react to mock transfectants
hla not shown). Pre-immune sera ol each mouse did
0t react to any transfectants. These results indicated
EDNA immunization can be used to produce poly-
gomal antibodies (o cell surface proteins. Direct immu-
gzation of plasmid DNA into spieen can induce
alubody response aller only a single DNA
unization.

12 Production of monocional antibodies to CD54
Spotein by intrasplenic inmunization of plasnid DNA

To produce monoclonal antibody to CD54 protein,
spleen cells from a CD54-DNA intrasplenic immunized
mouse, which produced anti-CD54 antibodies, were
lised with myeloma celis using the conventional hybri-
doma technique. Hybrids that produced anii-CD54
- mAb were determined by indirect immunofluorescence

ing CD54 transfected COS cells as antigen. By this

ning, an anti-CD54 mAb, designaled MTS4
gG2a isotype), which bound strongly to CD54 Irans-
fants, but not to mock transfeclants, was obtained.
confirm that MT54 is an anti-CDS54 mAb, the
tivity of this mAb to various cell lines and periph-
g:blood leukocyles was studied and compared with

standard anti-CD54 mAb, MEM-111 {21]. All cel] lines
tested including the human monocytic cell line U937,
the erythroid/myelcid cell line K562, the B cell line
Daudi and the T cell lines Moli4, Jurkat and Sup T
were positive with MT54 (Fig. 3). With peripheral
blood leukocytes, the mAb MT34 bound to
Iymphocytes and monocytes and reacted weakly to
neutrophils (n = 5)(Fig. 4). All of these staining pat-
terns were similar 1~ those obtained by using mAb
MEM-111 (Figs. 3 and 4}). Data obtained lrom the
COS cell transfeclant experiments together with the
cellular distribution patterns, indicated that the gener-
aled mAb MTS54 is an anti-CD34 mAb. Our results
demonstrated thal direct immunization of plasmid
DNA inlo spieen is a possible aiternative roule lor the
production of both polyclonal and monoclonal anti-
bodies to cell surface molecules.

4. Dhscussion

Production of monoclonal antibodies lo lezkocyle
surface molecules by DINA immunization is very uscl‘i{|
for producing specific anlibody where the prolein ant-
gen is absence but antigen-encoding DNA is available.
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In our previous experimenls. inlramuscutar imniniza-
gon of plasmid DNA encoding various human leuko-
e surface molecules, including CD4, CDI4, CD45,
£D54 and CD147, induced antibody responses ([5-7]
und unpublished observalions). In theory, Splcen cells
from antibody-producing mice can be used in thie hiybn-
doma technique. However, in our previous fusion ex-
periments. none hybrid produced specific antibody was
qucrated from the DNA intramuscularly immunized
‘mice. Instead of intramuscular immunization, an opti-
mal DNA immunization route must be taken into
;__'omsidcralion for the generation of hybrid produced
monoclonal antibody of interest.

* Injection of protein antigen direcily into lymphoid
grgans such as lymph node or spleen oflTers some strong
Ahepretical advantages over olher injection routes
[i3.23]. In this type of immunization, the immunogen is
concentrated in one region that is specialized in dealing
with it. Intrasplenic immunization was introduced by
Nilsson [13] as an extremely efficient procedure, espe-
dally useful for low amounts of antigen. This immu-
fization route has been further used for polyclonal and
monoclonal antibody production purpeses [10-20]. In
the present study, intrasplenic and intramuscular routes
were, therefore, compared for the production of anti-
bodies to cell surface proteins after antigen-encoding
DNA immunization.
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R 4. Immunofluorescence analysis of 1he reacuvity of mAb MT S
with lymphocyies {(A). mongeytes (B) and neutrophils (C) Solid s
gEpresenl the immunofluorescence profiles of cells stained with adi-
Bied mAb xad dashed lines represent background flucresvence of 1he
mglive control mAb.

In this study, mice immunized with plasmid DNA
encoding CD54 and CD147, generated specific antibod-
ies afler two 1o five DNA inoculations (Fig. 1), In
centrast, no mice thai obtlained a single dose intramus-
cular immunization gencrated an antibody. Intramuscu-
lar injection of plasmid DNA has been widely used with
DNA vaccines. In most cases of DNA intramuscular
imnwenization, high Liters of antibodies have been found
against the ecxpressed prolein. Some  investigators
demonstrated that a single intramuscular immmunization
ol plasmid DNA induced antibedy responses {24-26],
however, booster(s) was required in severat reports
including this one {27-30]. These diffcrences appear to
be due 1o the nature of the particular anligen, the
expression veclor used and may be due to the skill of
the individuzl adminisiermg the DNA [29,31]. In con-
trast (0 ntramuscular wnmunization, orly a single
DNA intrasplenic injection resulied in the production
of serum antibodies (Fig. 2). These results indicaste the
possibility of using intrasplenic immunization for the
induction of antibody responses by DNA immuniza-
tion. Enhancement of antibody responses by in-
trasplenic tmmunization is likely 1o be related to that
the injected plasmid DNA are directly transfected
splenocytes. including antigen presenting cells. The
antigens are lhen expressed and concentrated in the
spleen, where the immune responses are initiated. Anti-
gen presenting cells are thought to play at least three
distinct roles in DNA immunization, (I) MHC class
[T-restricted presentation of antigens secreted by neigh-
boring, transfecled cells; {2) MHC class [-restricted
‘eross’ presentation of antigens released by neighboring,
transfected cells; and (3) direct presentation of antigens
by transfecled antigen presenting cells themselves [32].
Therefore. immuaization of DNA into spleen allows
direct delivery of antigens Lo the spleen and the induc-
tion of antibody responses is occurred. In protein im-
munization. it was clearly easier to obtain an antibody
response using minute amounts of antigen by in-
trasplenic route than by the inlraperiloneal or intra-
venous route [33]. Spitz et al. reported the production
of antibodiess afler a single intrasplenic injection of
cither soluble antigen or of allogeneic cells (10]. In
agreement  with  protein immunization, this study
demonstrated that injection of CD54-encoding DNA
inio spleen induced antibody response better than thal
intramuscular route, as the antibodies could be detected
after a single intrasplenic immunization. While this
manuscripl wis in preparation, the use of intrasplenic
immumization of plasmid encoding carcingermnbryonic
antigen {(pCEA) far induction of immune responses was
reported by Wlhite et al. {34]. Intrasplenic administra-
tion of pCEA could induce specific antibody responses
and partiai immunoeprotection against tumor challenge
[34]. This and our lindings support luture investigalions
of DNA vaccination strategies that specifically promole
the uplake of plasmid by splenocytes.
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Spleen cells from a CD54-DNA intrasplenic immu-
fized mouse were fused with myeloma for generation of
monoclonal antibody. A hybridoma cell line stably
gereting specific mAb to CD354 was established. The
generated mAD reacied to CD34 protein expressed on
fransfected COS cells and various cell types as well as
‘wing a standard CD54 mAb MEM-11[. Qur results
‘ ghow that, rather than polyclonal antibody production,
itrasplenic immunization can be used to produce mon-
| elonal antibody by DNA immunization.

Intrasplenic immunization of protein antigens has
een demonstrated to be an efficient procedure for the
induction of antibodies [13]. Antibody responses were
ilso obtained when 1he immunogen was immobilized
g0 nitrocellulose or Sepharose beads {11,32). As de-
%ribed here, the intraspienic route was used for pro-
|'$.|?ction of both polyclenal and monoclonal antibodies
| Bing plasmid DNA as immunizing agent. Intrasplenic
unization seems to be an appropriate route for
mising polyclonal and monoclonal antibodies against
@l surface proteins by DNA immunization. However,
miny constraints have limited the use of this immuniza-
jon route. Intrasplenic immunization is not easy (o
perform, especially in small animals such as mice, since
major surgical procedures are required and animal mor-

ity and morbidity cannot be underestimated. This
immunization route should be carried out only under

e guidance of a trained animal worker or
Rlerinarian.
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etermination of haemophilia A carrier status
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P:'visions of Medical Molecular Biology, Department of Research and Development, tHematology, Department of
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evelopment, Siriraj Hospital, Mabidol University, Bangkok, Thailand; and tiustituie of Molecular Biologv and Genetics,

Summary. A reliable method for determinarion of
@rmer status and genetic counselling is required for
tffective control of haemophilia. Linkage analysis is
girently the most widely used method for this
gurpose; however, in cases where there is no prior

tfa mutation characterized in each family may be an
ilternative method for determination of the carrier
. In this srudy, linkage analysis using four

malysis were compared to derermine the carrier
fiatus in six unrelated Thai haemophilia A families,
W0 with a family history and four without. In the
W0 families with a family history of haemophilia A,
i carrier and noncarrier statuses could readily be
gtermined in eight females by either linkage or
mutation analysis. In the four families without

a family history, the polymorphic DNA markers for
linkage analysis were informative in rwo families and
uninformanive in the orher two. The carrier status
could be excluded in all four female siblings of the
patients in the former. However, the specific FVIII
gene mucation was not observed in the mother of one
patient, who should have carried the muration. In the
remaining rwo families with uninformative polymor-
phic DNA markers, the carrier and noncarrier statuses
of four female members could only be determined by
direct mutation analysis. Therefore, direct muration
analysis could circumvent the limitations of linkage

- apalysis (n the derermination of haemophilia A carrier

starus in families without a previous history or
informative polymorphic markers.

Keywords: carrier detection, FVII] gene, haemophilia
A, linkage analysis, mutation analysis, Thai.

feemophilia A is the most common X-linked reces-
i¢ bleeding disorder and resules from a deficiency
¥ dysfunction of coaguiation factor VIII (FVIII) due
9§ mutations in the FVIII gene, which is located on
e most distal region of the long arm (q28) of the
romosome [1]. The disease almost exclusively
jiects males, who possess only one allele of the FVIIl
gtne, whereas females inherit two alleles; therefore, a
ale with a defective allele will have rthe disorder,
While a female with an abnormal allele is usually an
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mpieal. Mahide! University, Bangkok 0700, Thasland.
dllax: « 662 4184793; c-mail: grpye@mahidol.ac.ih

fepted 12 July 2000

blecular Genetics and Medical Molecular Biology, Department
(¥ Rescarch and  Developmens, Faculty of Medicine, Siriraj

asympromarnc carrier, with a 50% probability of
transmitting the abnormal allele to her child.
Carrier derermination and genetic caunselling are
importanc parts of haemophilia care and the effective
genetic control of the disease [2]. The size of the
FVIII gene, which ‘is 186 kb containing 26 exons
{3,4], and the heterogeneiry of ies murations (5], have
made it difficulc to determine the molecular defeccs in
carriers and affected fetuses. For this reason, the
determination of carrier status and prenatal diagno-
sis are usually achieved by linkage analysis, using
restriction fragment length polvmorphisms (RFLPs)
[&] or short tandem repears (STRs) {7-9] to track rhe
defective allele of the FVIIl gene in affected families
in which the causative murations have not heen
idenuified. Linkage analysis of haemophilia A s
rechnicalty srrughefoeward, buc his method  has

iy 2001 B kwell Screnee Lld



l

nain limirations. In families lacking a prior history
ﬂhaemophilia A andfor informartive polymorphic
‘Markers, linkage analysis is nor applicable. In these
lamilies, direct mutation testing may be an aiternative
Mmethod for the carrier detection and prenacal diagno-
To apply this mechod, it is necessary to character-
‘ﬁe the mutation of the FVIII gene in each family.
Recently, we have systemartically carried out a
fudv of murations of the FVII gene in Thai
faemophilia A patients [10,11] in order to elucidate
I molecular defects. This has allowed us to apply

en identified. The results that we present here

‘Materials and methods

Sibjects

haemophilia A patients from six unorelated
“lmilies, who were attending the Haematology Clinic
W the Department of Paediatrics; Faculty of Medi-
- ine Sinraj Hospital, Mahidol University, Bangkok,
were included in chis study, rogether with cheir
fmily members. The diagnosis of haemophilia A

BV acrivitiz (FVIIL:C) was measured by the one-
fage clotting assav [12). Of these seven patients, five

id moderate disease (FVIIL:C 1-5%). Previous
fudies by Southern blot analysis [V. Akkarapatum-
wong ¢t al., in preparation] showed that these
pitients did not carrv the FVIHI gene inversion.

Linkage analysis

Unkage analysis was performed to determine the
Haplotypes of the X chromosomes in the affected
Bmilies by using FVIII intragenic and close extra-
gnic polymorphic DNA markers. Analyses of the
ntror: 13 (CA)e STR (8], intron 22 (GT(AGY STR
4. intron 18 Befl polymorphism [13], and St14
WNTR [14] were carried our as previously described,
extragenic St14 VNTR has a potential 5%
Srossover rate; it was therefare analysed together
With other intragenic markers 1o construcr the
aplorypes.

0T Blackwell Science Lrd
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RNA and DNA preparations

Fifteen millilicres of EDTA-anticoagulated blood
samples from the patients and normal controls were
collected for RNA and DINA prepararions. RNA was
prepared from peripheral lymphocytes, and genomic
DNA was prepared from the remaining white blood
celis. Only genomic DNAs were prepared from the
haemophilia A family members,

Mucarion screening and characterization

Mutations of the FVIII gene were screened by silver-
stained single-strand conformation polymorphism
(55CP) and characterized by DNA sequencing as
previously described [11].

Carrier detection

The regions of the FVIII gene where murations are
usually located were amplified from the genomic
DNA samples of the patients and other familv
members with appropriate PCR primers (decails
available on request). The amplified products were
subjected to the analysis by either resiriction endo-
nuclease digestionfagarose-gel electrophoresis, SSCP
[15] or heteroduplex analysis {HA} {16].

Results

From the linkage analysis using the FVIII intragenic
and closely extragenic polymorphic DNA markers in
the six families, 15 haplotvpes of the FVI gene
{(designated ‘2’ ro ‘0°) were observed (Table 1), The
resules of this analysis (Fig. 1) showed thac in the two
families with a prior family history (families A and B)
and ™wo of the families without a prior history
{families C and D), the polvmorphic DNA markers
were informative {i.e. the patients’ mothers were
heterozygous for the FVIII gene, with one ailele being
abnormal), but in another two families withour a
family history (families E and F), they were not
informative {i.e. the padenrs’ mothers were homo-
zygous). By rthis linkage analysis, six potental
carciers and eight noncarriers in the four families
with informartive polymaorphic markers were identi-
fied. In the two families with noninformarive poly-
morphic DNA markers (families E and F), two
females {the patients’ mothers) might be the carriers;
however, the status of two other female members of
family F could nor be confirmed.

Six porearially parhogenic murtarions of the FVIlU
gene were identified in the six haemophilia A patienrs
whose families were studied bv the PCR-SSCP and

Haempephidny (20010}, 7, 20-25
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Intron 18 (Bel I}
[ntron 13 5TR
[ntron 22 STR

Stl4 VNTR

147" 147 153 151 149 151 149 149 151 143 149 148 147 145 145

88
660

86
660

88
1350

86
1210

84
1550

36
1210

86

86
1650

Bé
1350

84
660

84

> 1900

“+ and - represent the presence and absence of Bel U restriction sire, respectively. "The numbers ace sizes of alleles in base-pairs {bp).

84
660

34
1650

84
660

86
1350

660

DNA sequencing (11} Three different techniques
were used for analyses of these mutations (Fig. 1).

Technigue 1

The G1850V missensg mucation in family A resulced
from a single nucleotide substitution at codon 1850
{GGC — GTC) in exon 17 of the FVII gene, which
changed a Stul restriction site from AGGCCT to
AGTCCT. Thus, the presence or absence of the
mutation could be detected by Stul digestion of the
PCR product amplified from the genomic DNA
sample, followed by a simple agarose-gel electro-
phoresis. The size of PCR product amplified was
1313 bp. In a normal individual, this PCR product
contained two Stu [ restriction sites, generaring three
fragments of sizes 95, 500, and 718 bp. In the
patient, the second Sew [ site was climinared, gener-
ating only two fragmencs (95 and 1218 bp). The
carrier of this mutation would have a combination of
both pacterns, i.e. 95, 500, 718, and 1218 bp.
Usually, the 95-bp fragment was not observed on
the agarose gel. The resuit of the G1850V mucation
analysis in family A (Fig. 1) showed that the patent’s
mother and two younger sisters were carriers of the
mutation while another younger sister was not. This
result agreed with thar of the linkage 2nalvsis, i.e. the
muration occurred on haplotvpe b of the FVIII gene,
which was inherited from the mocher by the patient
and two younger sisters but not by the other siscer.

Techrigue 2

The R1966X and R-3X nonsense murtations in
families B and C, and the G2325C and D342Y
missense mutations in families D and E were deter-
mined by PCR-SSCP analysis. The four mutations
caused different mobility shifts of single-stranded
DNAs on the SSCP gel electrophoresis {Fig. 1}.

The two affected individuals in familvy B {the
patient and his uncle), who carried the R1966X
mutation, had rhe same pawtern of migration of
single-stranded DNAs, which was differenr from thar
of the father and younger brocher, who were normal.
The patient’s mother also had the same band of
single-stranded DNA as that found in the owo
affected individuals, indicating the presence of the
R1966X mutarion; she was therefore a carrier. Three
ferale members in this family (the patient's vounger
sister and two aunts) did not have the indicator band
for the muration, thus, they were not carriers. All
these results were compatible with those from the
linkage analysis. Additional variations of SSCP
patterns were also observed in the patient’s father,

& 2001 Mackwell Sownce |l
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Fig. 1. Derermination of hacmophilia A carrier status in female members of six affected families. Pedigrees of the six families are shown
and haplorypes gencrared from the linkage analysis using four polymorphic DNA markers (see derails in Table 1) are indicated under the
symbals. The G850V missense muration in family A was analysed by the St 1 digestion of amplified DNA and agarose gel electrophoresis.
The mutarion resulted in loss of the restriction site and the presence of a 1238 bp fragment instead of two fragmenrs of 718§ and 500 bp,
which indicated the absence of this mutarion. The muration was observed in the mocher, patiens, and two sistess but was not detected in
another sister. Lane M is DNA size markers (Pstl-digested & DNA). The murations in famities 8, C, D, and E were analysed by che SSCP
method. The patients’ mathers in the families B, D, and E were varriers bur the patient's mother in the family C was not a carnier. De nova
muration in the famely C was praposed. All other female members of these families were not carriers. The 4-bp fACTA) insertion in family
I was derected by the hereroduplex analysis. The patient showed only the 171-bp fragmenc while the mother and a sister who were carriers
showed heteroduplex DNAs as well as the 171-bp and 167-bp fragments. The parient’s clder sister was not a carrier, N 1s normal conral,
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brocher, sister, and two aunts, due to different Bell
polymorphisms in intron 18 of the FVIIL gene,
present at the 37 end of the fragment analysed.

Surprisingly, in family C, the patienc’s mother,
who was expected to be the carrier, did not have the
R-5X muration. The patient’s three vounger sisters
were not carriers of chis muration, che result of
linkage analysis showing that they did nor have
haplotype i bearing this muration. These results were
also confirmed by DNA sequencing analysis of the
PCR products from the patient’s mother and three
younger sisters (data not shown).

In family D, a lower band of single-stranded DNA
was found to have a slight mobility shift in the
patient who had the G2325C mutation on haplotype
k. This band was also observed in the patient’s
mother, thus, she was a carrier. The patient’s
younger sister, who had haplotypes j and e, did not
have the band with the mobility shift and was
therefore not a carrier.

The pacient’s mother in family E who had the
homozygous haplotype » was found to be a carrier
of che D342Y murtation as expected.

Technigue 3

Because the mutation in the panient of family F was a
frameshift 4-bp {ACTA) insertion at codon 2245, the
amplified product with the inserdon (171 bp) could
form heteroduplexes with the normal amplified
product (167 bp) in the heterozygous female, easily
detecrable by polyacrylamide gel electrophoresis.
Heteroduplex analysis {HA) was therefore used for
determinarion of carrier status in this family, whose
polymorphic markers were not informative, as the
patient’s mother had homozygous haplotype n. The
resuit of mutation analysis in this family showed that
the patienr’s mother and younger sister were carriers
of the mucarion while the elder sister, who had the
haptocvpes it and o, was not a carrier.

Discussion

We carried our linkage analysis, using intragenic and
extragenic polymorphic DNA markers, to investigate
the presence of a defective allele of the FVII{ gene in
female tamily. members of haemophilia A parients.
This method is applicable to families with a known
familv history of haemophilia A, in which the
inheritance of haemophilia A has been established,
usually by the presence of more than two affecred
males. As previous characterization of murations is
not required, linkage analysis is relatively simple and
inexpensive, The major drawbacks 1o linkage analy-

Huemapintia (2001), 7, 20-25

sis occur when DINA samples from the affected male
are unavailable, or when polymorphic DINA markers
are uninformative. Furthermore, in families with a
sporadic case of haemophilia A, che result of linkage
analysis is uncertain and cannot be wused for
confirmation, but can be used for exclusion of carrier
status. Direct muration analysis, however, offers
precise diagnosis of carrier and noncarrier stdcus by
determination of the presence or absence of the
disease-causing mutation(s) in the at-risk females.
This approach essentially requires the characteriza-
tion of the specific FVII gene mutation, 2 laborious
process because of the large size of the FVIII gene and
tts extremely heterogeneous mutations.

We characterized mutations of che FVIII gene in
six unrefated Thai haemophilia A patieats and
identified six potentially pathogenic mutations {11}.
This made it possible ro determine the carrier starus
of female members of the families by direct analvsis
of the defective atlele, and 1o compare the result of
this method with that of the linkage analysis. The
results of this study (Fig. 1) showed that in two
families which had 2 family history of haemophilia A
and in which the polymorphic DNA markers were
informartive (families A ard B), determination of the
carnier status by linkage analvsis and direct mucation
analysis were equally efficient. With either method,
four females from both families were found ro be
haemophilia A carriers and another four females
were not Carriers.

Four families had no family history of haemophi-
lia; in two of these, where the polymorphic DNA
markers used in rhe linkage analysis were informat-
ive {families C and D). four at-risk siblings were
identified as not carrving the defeccive FVII alleles
by the linkage analysis, because they did not have the
same haplotypes as those found in the patients.
Direct mutarion analysis confirmed that the muta-
tions were absent in these female members. In these
two families, direct mutation analysis also provided
the nteresting fnding that, while the mother of the
patient in family D was found to carry the mutarion,
the mother of the patient in family C did not, because
the mutation was not derected by PCR-SSCP, a
finding that was also confirmed by DNA sequencing
anzlysis. The partient had haplotype / of the FVIII
gene, which was also observed in the mocher. It
seems likely therefore that de nove mutation has
occurred in this family [11]. This result was not
detecred by linkage analysis, demonstrating another
advanrage of direct mutation analysis.

[t the two families with sporadic cases of haemo-
philia. A in which the polvmorphic DNA markers
were not informative (families E and F), the morhers
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in both families were found ro carry the mutations; in
family E the parient had no sisters, buc in family F,
there were two female siblings who were ar risk of
being carriers. Alchough it was impossible to derer-
mine the carrier status by using linkage analysis in
female members of family F, it was possible by direct
mutation detection. The result showed thar che elder
sibling was normal whereas the younger one was a
carrier. The result in this last family has shown an
obvious advantage of the direct mutation detecrion
over linkage analysis for determination of carrier
status.

In conclusion, this study has demonstrared that
direct mutation analysis is useful for determinarion of
haemophilia A carrier status in families with sporadic
tases of haemophilia A where polymorphic DNA
markers for linkage analysis are not informative.
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Molecular Defect of PKD1 Gene Resulting in Abnormal
RNA Processing in a Thai Family

NANYAWAN RUNGROJ, M.Sc.*, - WANNA THONGNOPPAKHUN, Ph.D.*,

KRIENGSAK VAREESANGTHIP, M.D., Ph.D.**, CHINTANA SIRINAVIN, M.D,%*#**,
PRAPON WILAIRAT, Ph.D.>***, , PA-THAI YENCHITSOMANUS, Ph.D,*,**+*+
Abstract

Autosomal dominant polycystic kidney disease (ADPKD) is a common human autosomal
disorder caused mainly by mutations of the PKDJI gene. In analysis of PKDI transcripts by long
RT-PCR and nested PCR procedures, we observed PKDf<DNA fragments from three ADPKD
siblings from the same family with a size approximately 250 base pairs (bp) shorter than normal.
Further investigations showed that the PKD/J transcripts from these patients had been abnormaily
processed, the nucleotide sequence of exon 43 containing 291 ot was missing from the transcripts,
which would result in an abnormal polycystin-1 with an in-frame deleton of 97 amino acids. This
splicing defect did not result from a mutation that disrupted the splice donor or acceptor sites
adjacent to exon 43 or the branch sites in flanking introns but was most likely due to 20-bp
deletion observed in intron 43. The intronic deletion was present in 8 affected members but absent
in 11 unaffected members, corresponding with the results of genetic linkage analysis using 5
polymorphic markers in the PKD/{ region. Molecular diagnosis of PKD/ in this family could,
therefore, be carried out by genomic DNA amplification to directly detect the PXD/ intronic
deletion. i
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RNA Processing Defect. Abnormal Splicing
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