Table 1.
Findings in the C or C-like Syndromes

Comparison of Manifestations between Two of Our Patients and Frequencies of Major

Presence in’ Frequency in

Patient with Patient with C C-like
Clinical Finding Translocation Mutation Syndrome? Syndrome*
Trigonocephaly + + 23/23 13/13
Upslanting palpebral fissures + + 22/23 13/13
Epicanthal folds + - 20/22 NM
Prominent eyes + - NM 13/13
Strabismus + + 16/22 8/8
Depressed nasal bridge + + 15/22 13/13
Anomalous and posteriorly angulated ears + + 18/21 12/13°
Wide alveolar ridges + - 10/18 4/6
High-arched palate + + NM NM
Capillary hemangioma - + 9/17 13/13
Redundant skin + - 14/20 NM
Joint contractures - + 7/21 13/13
Agenesis of the corpus callosum + + NM 7/10
Failure to thrive - + NM 11/11
Intrauterine growth retardation - + NM 12/13
Seizures - - 5/19 5/5
Developmental retardation + + 18/19 9/9
Congenital heart anomalies - - 11/22 5/11
Clinical diagnosis C syndrome C-like syndrome

NoTe.—NM = not mentioned.
' + = present; — = absent. = = borderline.
® Low-set ears.

strated split signals on the two derivative chromosomes 3
and 18 (fig. 1B). Semiquantitative RT-PCR analysis showed
that CD96 expression in B cells of the patient was reduced
to 45.8% of the normal level (fig. 1C). Although one of
the zinc-finger genes, ZEBD2 (GenBank accession number
NM_024508.3) exists near the breakpoint, in intron 6 of

CD9%6 it has the opposite direction (fig. 14), and its ex-
pression was not reduced in the patient (data not shown).
At the other breakpoint, 18q12.1, we could not find any
genes or ESTs, according to the Genome Browser Web site
(data not shown). We surveyed in this patient copy-num-
ber changes for the whole genome by the use of Human

Table 2. Sequencing Primers and PCR Conditions for the (D96 and ZBED2 Genes
Sequence

(523) T MgCl,  Size
Primer Name Forward Reverse (°C})  (mM)  (bp)
h€D96 ex1 CAACTGCTCTGCGTGATATC ACCCTTAGTAATGATTTGTCCT 60 2.5 540
hCD96 ex2 CCTAAAGCAGCCAGGGAGAAA ATGCTGAGCACCAAGCCTAAC 58 1.25 657
hCD96 ex3 GAGGACAGATGAATCCCTATAC ATAGACTCAGAGGCTTGCCTG 60 1.8 424
hCD96 ex4 CAGACTTGCCAGTGCTGAGT GGATGGACTAAGGTAGACTTC 60 1.8 380
hCD96 ex5 GTAAATGAATCAGTGCTTGTCGA GTATCCAGGGAAACAGACTCC 62 2.5 429
hCD96 ex6 TCTGTATTCCCATGAAACTGTAG TATGCAACCTGACACACCTTAC 60 1.8 367
hCD96 ex7 CATCTCTATAGGAGATAGCCCA ACACTCCACCCCCTTGGAAG 58 1.25 472
hCD96 ex8 TTGATCATGCCATGCCTTGGC TTTCACTGGAGTCCTACTTGTC 58  1.25 446
hCD96 ex9 GCTGCCTAGTTTCCAGGCCA ATGGGCAAGTTAATGTGACGTG 58  1.25 485
tCD96 ex10 GGCTGTTCACTAAGATTCTTTCC TAGTCACCGCAGAGTAACCCA 58  1.25 343
hCD96 ex11 GCCAGCTAGTGTTCCTGCATA GTCCATGGGTGTAGTCTCAGA 60 1.8 386
hCD96 ex12 CAAGAATCCCTTCAACTCCCAC TATATCTATCTGAGGCTGGCTTC 62 1.8 355
hCD96 ex13 CAAATCTCAGGATCCCAGCCT TTGACCCTGACAACACCTTATC 62 125 499
hCD96 exi4 GCTTAGACATGCCCACCTCC CAGCCTGACTAGGCCAATGC 62 125 488
hCD96 ex15 TGTGACTAACAGGCACAGGGT GGTTAAGCTTCAGGCGTTTGG 58  1.25 467
hCD96 ex15-2  GAGAGCCAGAACTACCCAGC CCACTCCCTACCCCCACTTT 62 1.8 372
hZBED2 15 TGTGGTTCAAATAAGCTTTTGGC 60 1.25 934
hZBED2 23 GTTTCGGCCAAGGGTCAGCA
hZBED2 35 ACATGATGAGGCGGGAAGACGA 60 125 657
hZBED2 43 AACAAAATGGAAGGGATGTACTG :

* Annealing temperature.
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Figure 2. Expression of the (D96 gene in fetal and adult tissues. A, Expression in human tissues. An arrow indicates (096 cDNA. An
arrowhead indicates GAPDH cDNA as control. Lane M, size marker (100-bp ladder); 1, brain (whole); 2, cerebellum; 3, spinal cord; 4,
heart; 5, kidney; 6, lung; 7, skeletal muscle; 8, spleen; 9, thymus; 10, trachea; 11, stomach; 12, small intestine; 13, colon; 14, salivary
gland; 15, prostate; 16, testis; 17, uterus; 18, placenta; 19, fetal brain; 20, fetal liver; and 21, bone. Lanes 1-17 and 21, adult tissues.
Lanes 19 and 20, fetal tissues. B-F, Whole mount in situ hybridization with (d96 antisense RNA in 10-dpc mouse embryo, showing
high expression in developing forehead (arow in B) and in heart and blood vessels (arrowheads in B). D-F, Horizontal sections of the
embryo. (d96 is expressed in the pharynx (arrow in D); in cardiac jelly, endocardial cells, and blood cells (arrow in £); and in forebrain

tissues (arrow in F). All sections are counterstained with nuclear fast red.

Mapping 50K Array Xba240 (Affymetrix). No pathogenic
deletions or duplications were detected (data not shown).

We examined nine karyotypically normal Japanese pa-
tients who were given clinical diagnoses of the C or C-
like syndrome. The syndromes were diagnosed by the
presence of trigonocephaly and associated combinations
of major clinical findings that are observed in >70% of
reported patients with the C or C-like syndromes—that
is, upslanting palpebral fissures, epicanthial folds, strabis-
mus, depressed nasal root, anomalous and posteriorly an-
gulated ears, capillary hemangioma, redundant skin, and
joint contractures (table 1).2 Two of the patients were re-
ported as having C-like syndrome,*'* and the information
about seven others was unpublished. First, we examined
these patients for deletions or duplications by FISH anal-
ysis, using RP11-159B11 as a probe. However, no deletions
were detected in any of them (data not shown). We then
performed direct sequencing analysis of the candidate
genes, CD96 and ZEBD2. Primer pairs and PCR conditions
for amplification of the candidate genes are listed in table
2. In one patient who was given a diagnosis of C-like
syndrome,* we identified a de novo missense mutation
(c.839C—T) in exon 6 of CD96 (fig. 1D). The ¢.839C—~T
substitution predicts a threonine-to-methionine change
(T280M) at nucleotide position 839, close to the third im-
munoglobulin-like domain. The threonine residue was
conserved in some species—that is, chimpanzee, monkey,

dog, opossum, and armadillo. The missense mutation was
not found among 420 unaffected Japanese individuals.

Two patients had a homozygous S-bp insertion (¢.856-
80insTTATG) in intron 6 of the CD96 gene. They showed
an ~404% reduction of CD96 expression in their B cells,
compared with the normal control level (data not shown).
However, this homozygous 5-bp insertion was found in 2
of 196 normal Japanese individuals examined. No copy-
number variation around this region has been registered
in the Database of Genomic Variants. Therefore, it is am-
biguous whether the insertion is directly associated with
the syndrome. There is also a possibility that small mu-
tations in the promoter or enhancer region of CD96 or
other mutations that affect CD96 expression, albeit un-
detected by our analyses, might reduce the gene expres-
sion in the patients. No mutation in ZEBD2 was found in
any of the nine Japanese patients (data not shown).

We also examined 20 white patients for the CD96 gene,
18 of whom were given clinical diagnoses of the C syn-
drome and 2 of whom were given diagnoses of the C-like
syndrome. However, the direct sequencing analysis could
not detect any apparent mutations in any exons of the
CD96 gene in these patients.

The patient having the missense mutation in CD96 had
the following relatively severe clinical manifestations: tri-
gonocephaly, ridging of the metopic suture with narrow
forehead, a small hemangioma near the nose, thin upper
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Figure 3. Functional characterization of wild-type and mutated
CD96 proteins. A and B, Cell-adhesion assay for tissue-culture
plates. A, Images captured after exposure with vibration for 20
min and 70 min. HT1080 indicates untransfected cells (control);
wCD96 indicates highly expressed clone for wild-type CD96 in
HT1080; and mCDY6 indicates highly expressed clone for mutated
CD96 in HT1080. The arrow indicates attached cell. Arrowheads
indicate nonattached cells. 8, Quantitated adhesion activity in
each transformant. Attached cells and nonattached cells are
counted in more than five different fields under a microscope. A
total of at least 500 cells were counted for each experiment. Error
bars are mean +SD. Adhesion activities are indicated by percent-
ages of attached cells per total cell number at 0 min, 20 min, 70
min, and 150 min after spreading cells. C, Cell proliferation as-
sessed by a tetrazolium-based (MTS) assay. The ordinates show
the cell number expressed as arbitrary units, Two wCD96s are clones
highly expressing wild-type (D96, HT1080 is an untransfected con-
trol clone, and mCD96 is a clone expressing mutated CD96. Error
bars are mean % SD. Data shown are from three independent ex-
periments, each performed in quadruplicate (n = 12).

lip, long philtrum, a high-arched palate with deep groove,
low-set ears, a short neck, cryptorchidism, abnormality of
the ventricular myocardium, mild optic-nerve atrophy,
and hypoplasia of the corpus callosum, all of which led
to the diagnosis of the C-like syndrome (table 1).* The
patient harboring the balanced translocation had less se-
vere manifestations—that is, trigonocephaly, a prominent
metopic ridge, upslanting palpebral fissures, epicanthal
folds, thick and irregular alveolar ridges, thin upper lip,
long philtrum, low-set ears, redundant nuchal skin, and
agenesis of the corpus callosum (table 1).'' His phenotype
satisfied the diagnosis of the C syndrome.

CD96 was identified as a human T-cell-activated antigen
in long-term culture and is known to interact with the
poliovirus receptor, CD1S55, to recognize targets for natural
killer (NK) cells.'* To determine a possible role of CD96 in
the C syndrome, we investigated its expression and func-
tion in humans and mice. CD96 was found to be localized
in the cytoplasm and cell-adhesion sites of the cell surface
when it was expressed in HT1080 cells (fig. 1E-1H). A
CD96-CFP fusion protein gave the same result when it
was transiently expressed in HT1080 (data not shown).
These findings support the hypothesis that CD96 may act
as a cell-adhesion molecule, as do some other proteins of
the immunoglobulin superfamily, such as nectin.' The
human CD96 gene is strongly expressed in the adult lung,
spleen, and thymus and is moderately expressed in the
adult spinal cord, kidney, trachea, digestive tissues, pros-
tate, placenta, bone, and fetal brain and liver (fig. 24). In
10-d-postcoitum mouse (dpc) embryos, Cd96 is expressed
in the forebrain and in a front part of the head tissues,
cardiac jelly, endothelial cells, pharynx, and blood cells
(fig. 2B-2F). These expression patterns are consistent with
organs and tissues involved in the abnormalities of the C
syndrome—that is, trigonocephaly, redundant nuchal skin,
and cardiovascular abnormalities.

To analyze a potential role of CD96 in the morpholog-
ical abnormalities of the C syndrome, we investigated the
function of wild-type CD96 (wCD96) and mutated CD96
(mCD96 [c.839C—T)) in vitro. We constructed expression
vectors for wCD96 and mCD96 using the strong CAG pro-
moter,’® introduced each vector into HT1080 cells, and
compared the characteristics of each transformant. A cell-
adhesion assay with the HT1080 cell clones expressing
wCD96 showed faster attachments on tissue-culture plates
compared with mock clones, ‘even under the condition of
10% serum-containing medium (fig. 34 and 3B), whereas
those expressing mCD96 showed the same adherent ac-
tivity as the mock cells (fig. 34 and 3B). The result suggests
that CD96 protein is involved in cell-matrix adhesion in
transfected HT1080 cells, but mCD96 protein loses the
activity. A tetrazolium-based (MTS) assay on the transfor-
mants, performed to determine their effect on cell growth,
showed 1.5 times more growth-promoting activity of
wCD96 than was shown of mCD96 in HT1080 (fig. 3C).
Many cell-adhesion molecules belonging to the immu-
noglobulin super family (IgCAMs) play important roles
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during embryogenesis or morphogenesis.'” For example,
mutations in the gene for PVRL1/nectin-1, a member of
IgCAM, are involved in the cause of cleft lip/palate—ec-
todermal dysplasia syndrome (MIM #225000).'%'°

The original report and other reports of affected sibs
with the C syndrome suggested that the syndrome is in-
herited in an autosomal recessive fashion.'? Normal chro-
mosomes in most patients, unaffected parents with mul-
tiaffected offsprings, the equal sex ratio of affected indi-
viduals, and consanguineous matings'*# all support auto-
somal recessive inheritance. Meanwhile, many other pa-
tients have sporadic disease,? and recurrence risk may be
estimated to be 10%,° which suggests the possibility of
dominant inheritance or germline mosaicism.>*'° These
findings imply that the C syndrome is genetically hetero-
geneous, and its inheritance mode is in debate. The CD96
aberrations found in our two patients were both in the
heterozygous state without a copy-number variation in
this region, which is consistent with an autosomal dom-
inant condition. Since it is hard to assume that all reported.
sib cases would have originated in germline mosaicism in
their respective parents, the CD96 deficiency identified in
our patients cannot explain all patients with the C syn-
drome. However, since genetic heterogeneity is evident in
the syndrome and many sporadic cases are known, our
results suggest that a form of the C syndrome is caused
by dysfunction of CD96. At least, the fact the mutations
were found in the C and C-like syndromes may indicate
that they are allelic.

A similar example is Cohen syndrome,- where only
~20% of patients were found to have mutations in a caus-
ative gene, COH1.2**' The identification of a causative
gene, CD96, may open a door to an understanding of the
molecular pathology of the C syndrome.
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Evidence for association
between a Toll-like receptor
4 gene polymorphism and
moderate/severe
periodontitis in the
Japanese population

Fukusaki T, Ohara N, Hara Y, Yoshimura A, Yoshiura K. Evidence for association
between a Toll-like receptor 4 gene polymorphism and moderate/severe periodontitis
in the Japanese population. J Periodont Res 2007, 42: 541-545. © 2007 The Authors.
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Background and Objective: Chronic periodontitis is an inflammatory disease
caused by bacteria in subgingival pockets. Because Toll-like receptor 2 and Toll-
like receptor 4 have been shown to play an important role in the recognition of
periodontal pathogens, we investigated the relevance of genetic variations in TLR2
and TLR4 to susceptibility to periodontitis.

Material and Methods: A total of 97 patients with chronic periodontitis and 100
control subjects were examined for mutations in TLR2 and TLR4. Case-control
analysis was performed using individual single nucleotide polymorphisms detected
during the mutation search.

Results: The missense mutations reported previously in TLR2 (677 Arg > Trp and
753 Arg>Gln) and in TLR4 (299 Asp > Gly and 399 Thr > Ile) were not detected
in 97 of the Japanese patients with chronic periodontitis or in 100 of the Japanese
control subjects. Nine single nucleotide polymorphisms were identified in exons of
TLR2 and TLR4. The case-control analysis revealed that the frequency of the C/C
genotype at base-pair position + 3725 in TLR4 was significantly higher in both the
moderate and the severe periodontitis patient group than in the control group.

Conclusion: A genetic variation of TLR4 might be associated with moderate and
severe periodontitis in the Japanese population.

© 2007 The Authors.
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Chronic periodontitis is an inflamma-
tory disease caused by bacterial col-
onization in the subgingival area (1).
The bacteria and their cell wall com-
ponents can trigger activation of the
host immune system through pattern-
recognition receptors to induce
inflammatory mediators, leading to the
destruction of periodontal tissue.

Toll-like receptor 2 and Toll-like
receptor 4 are two principal pattern-
recognition receptors dedicated to the
recognition of bacterial cell wall com-
ponents, such as lipoproteins and lipo-
polysaccharides (2,3). We previously
demonstrated that Toll-like receptor 2
and Toll-like receptor 4 are involved in
the recognition of periodontopathic

bacteria, such as Porphyromonas gingi-
valis, Actinobacillus. actinomycetem-
comitans and Fusobacterium nucleatum
(4), and that the expression of those two
receptors is augmented in connective
tissue subjacent to the periodontal epi-
thelium in patients with severe perio-
dontitis (5). These findings suggest that
Toll-like receptor 2 and Toll-like
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receptor 4 may be involved in the
pathogenesis of periodontal diseases.

It has been reported that two mis-
sense mutations in TLR4 (D299G and
T3991) are associated with endotoxin
hyporesponsiveness. The allele fre-
quency of the D299G mutation was
demonstrated to be 3-8% in European
and American populations, and these
mutations were associated with a blun-
ted response of the subjects to inhaled
lipopolysaccharide (6). Two missense
mutations in TLR2 (R677W and

" R753Q) were later identified (7,8). Al-
though the R753Q mutation occurred in
~ 3% of healthy subjects, the mutation
was detected at a higher frequency (9%)
in Ipatiems with gram-positive septic
shock in France and was associated with
a significantly reduced response to bac-
terial lipoprotein. The R677W mutation
was detected in 10 of 45 lepromatous
leprosy patients in Korea, but not found
in 41 tuberculoid leprosy patients or in
45 healthy controls.

Recently, the association between
these four mutations and periodontitis
has been investigated. Folwaczny e al.
found no association between chronic
periodontitis and the missense muta-
tions in TLR2 and TLR4 (9), and
Laine et al. also demonstrated that the
missense mutations in TLR4 were not
associated with severe periodontitis
(10). On the other hand, Schréder
et al. reported a positive association
between periodontitis and the missense
mutations in TLR4.(11). They reported
that patients suffering from chronic
periodontitis showed a higher fre-
quency of the missense mutations
(D299G/T3991) than controls, and that
the genotypes with D299G or T3991
were found exclusively in patients,
whereas no difference was observed
for TLR2 (11). Brett er al. reported,
conversely, that the TLR4 T3991 minor
allele was more frequent in controls
than in patients with aggressive and
chronic periodontitis (12). These com-
plicated results might be explained by
differences between populations.

The aim of this study was to deter-
mine whether these polymorphisms
have any association with periodontitis
in the Japanese population. We were
unable to detect any of these four
missense mutations in TLR2/TLR4 in

" Table I. Classification of periodontitis patients and controls

Classification of periodontitis

Controls Mild Moderate Severe
Bone loss = 50% - - < 3 teeth 2 4 teeth
No. of subjects 100 16 65 16
Maximum PPD 295 + 0.22 4.13 + 0.50 6.15 = 0.71 10.50 + 1.46
(mm) (» < 0.01) (p < 0.001) (» < 0.001)

Periodontitis patients were assigned to one of three groups of disease severity on the basis of

the above criteria.

p-values were calculated in comparison to the control group.

PPD, probing pocket depth.

197 Japanese subjects. Therefore, we
attempted to identify single nucleotide
polymorphisms in TLR2 and TLR4 in
Japanese periodontitis patients, and we
performed association analysis, using
single nucleotide polymorphisms in
TLR2/TLR4, to periodontitis. We
show here the association between one

- single nucleotide polymorphism in

TLR4 and severe/moderate periodon-
titis in Japanese subjects.

Material and methods

Subjects

Patients with chronic periodontitis (59
women and 38 men) and healthy sub-
jects (53 women and 47 men), who vis-
ited Nagasaki University Hospital, were
enrolled in this study. All of the subjects
were Japanese, resided in or around
Nagasaki, and had more than 20 teeth.
Individuals with malignant diseases,
immunodeficiencies, pregnancy, diabe-
tes mellitus, or who had infectious
diseases, such as acquired immune-
deficiency syndrome or adult T-cell
leukemia, were excluded. The mean age
of the patients was 60 years (range:
36—83 years) and that of the control
population was 46 years (range:
25-75 years). The subjects were
screened by full-mouth radiographic
assessment and periodontal exami-
nations. Subjects who had neither
alveolar bone loss of > 25%, nor peni-
odontal attachment loss of > 3 mm at
any sites, were classified into the control
group. Subjects who had alveolar bone
loss of > 25%, or periodontal attach-
ment loss of > 3 mm in at least at one
site, were classified into the chronic
periodontitis  group.  Periodontitis
patients were further classified into

three groups on the basis of the criteria
of disease severity described in Table 1.
To make a comparison with a group in
the same age range, periodontitis pa-
tients were classified into two groups.
Patients who were < 60 years of age
were categorized into the younger peri-
odontitis patient group, and patients
260 years of age were categorized into
the older periodontitis patient group.
The mean age of the younger period-
ontitis patients was 49 years and that of
the older periodontitis patients was
70 years. There was no significant dif-
ference between the ages of the younger
periodontitis patients and those of the
control subjects. Written informed
consent was obtained from all of the
participants in this study.

Detection of missense mutations in
TLR2 (R677W and R753Q) and TLR4
(D299G and T3991)

DNA was extracted from peripheral
blood leukocytes by the phenol—chlo-
roform method and harvested by eth-
anol precipitation. Genotyping of
TLR2 (R677W and R753Q) and TLR4
(D299G and T3991) was accomplished
with the polymerase chain reaction
(PCR) and restriction enzyme diges-
tion, following the procedures des-
cribed by Schrider eral. (13) and
Lorenz et al. (14), respectively.

Determination of polymorphisms/
mutations in TLR2 and TLR4

In order to identify single nucleotide
polymorphisms peculiar to the Japan-
ese patient group, we performed direct
sequencing of all the exons and introns
of TLR2 and TLR4 (15) in 16 patients
with severe periodontitis. PCR ampli-



. fication was performed at various
annealing temperatures using Takara
ExTag™. PCR products were
sequenced using a Big Dye Terminator
Cycle Sequencing Ready Reaction Kit
v3.1 (Applied Biosystems, Foster City,
CA, USA) and run on an ABI 3100
automated sequencer (Applied Biosys-
tems). Sequencing electropherograms
were aligned by ATGc software, version
3.0 (Genetyx, Tokyo, Japan), and base
alterations were inspected visually.

Statistical calculation for the
case-control study

As a result of single nucleotide poly-
morphism/mutation  detection, we
found five single nucleotide polymor-
phisms in TLR2 and four single nuc-
leotide polymorphisms in TLR4. Next,
we performed genotyping of all of
those single nucleotide polymorphisms
in the remaining 81 patients and 100
controls. Individual single nucleotide
polymorphisms were tested for Hardy—
Weinberg distribution and linkage
disequilibriuni using SNPALYZE soft-
ware (Dynacom, Yokohama, Japan).
Case-control analysis was performed at
individual single nucleotide polymor-
phisms using SNPALYZE software. The
values of D’ and % were calculated and
referred for haplotype analysis.

Results

We failed to identify any of the repor-
ted mutations — R677W and R753Q in
TLR2 and D299G and T399I in TLR4
—in 197 Japanese subjects, comprising
97 patients with periodontitis and 100
healthy controls.

To examine an association between
TLR2/TLR4 and periodontitis, we
needed to find single nucleotide poly-
morphisms in TLR2 and TLR4.
Therefore, we decided to perform
direct sequencing of TLR2 and TLR4
in 16 of the patients with severe perio-
dontitis in the present study. Three
point mutations in the 5’-untranslated
region, and two synonymous muta-
tions in the coding region of TLR2,
were identified at base-pair positions
-183, -148, -146, +1350 (corres-
ponding to rs3804100) and +2343
(corresponding to rs5743709). Four

TLR2 and TLR4 mutations in periodontitis

point mutations were identified in the
J-untranslated region of TLR4 at
base-pair positions +3528, +3725
(corresponding to rs11536889), + 4022
and +4529 bp (Table 2). None of the
mutations resulted in amino acid sub-
stitution. Seven of the nine single nuc-
leotide polymorphisms were present at
a frequency of <2% in patients and
therefore would provide only a low
poWer of association, but we per-
formed association analysis using all
of the nine single nucleotide poly-
morphisms. The case-control analy-
sis revealed a significant difference
between the genotype frequency of the
mutation at base-pair position + 3725
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in TLR4 of the patient group with that
of the control group (p = 0.043)
(Table 3). There was no significant
difference between the frequencies of
the other eight single nucleotide poly-
morphisms. Next, the genotype fre-
quency at base-pair position + 3725 in
TLR4 of the control group was com-
pared with the genotype frequencies in
the groups of patients with mild,
moderate and severe periodontitis.
There was no significant difference be-
tween the control group and the mild
periodontitis patient group, but signi-
ficant differences were found between
the control group and the moderate/
severe periodontitis patient groups, as

Table 2. Minor allele frequencies of single nucleotide polymorphisms in TLR2 and TLR4

genes

Minor allele

Nucleotide change  frequency
Gene and SNP SNP ID in in major/minor -
position NCBI alleles Controls  Patients HWE
TLR2
-183 2 A/G 0 0.0053
—-148 2 C/T 0 0.0053
~146 2 T/G 0 0.0053 p > 0.05
+1350 rs3804100 T/C 0.2447 0.1684
+2343 rs5743709 G/A 0 0.0156
TLR4
+3528 2 C/G 0 0.0105 p > 0.05
+3725 rs11536889  G/C 0.1414 0.1959
+4022 2 C/G 0 0.0053
+4529 @ G/C 0.0104 0.0053

*Novel single nucleotide polymorphism (SNP).

HWE, p-value of the Hardy-Weinberg equilibrium test in the control population. (The
Hardy-Weinberg equilibrium test was performed for only two single nucleotide polymor-
phisms because minor allele frequencies of other single nucleotide polymorphisms were
< 0.05.); ID, identity; NCBI, National Center for Biotechnology Information.

Table 3. Case-control analysis using single nucleotide polymorphisms in TLR2 and TLR4

genes

Genotype frequency (%)

Controls Patients
Gene and SNP
position MM Mm mm MM Mm mm p-value
TLR2
-183 93 (100) 0(0) 00 90 (99) 1Q1) 0(0) 0.311
-148 93 (100) 0(0). 0@ 90(99) 1(D 0 (0) 0.311
-146 93 (100) 0 (0) 0@ 9“9 1(1) 0(0) 0.311
+1350 56 (60) 30(32) 8(8) 66(72) 21(23) 5(5) 0.214
+2343 100 (100) 0 (0) 0@ 93097 3(3) 0 (0) 0.082
TLR4
+3528 97 (100) 0(0) 0(0) 93(98) 2(2) 0 (0) 0.151
+3725 73(74) . 2424y 2(2) 69(71) 18(19) 10(10) 0.043
+4022 92 (100) 0@ 00 92(99) 1(1) 0(0) 0.319
+4529 94 (98) 2(2) 0@ 93099 1(1) 0(0) 0.573

SNP, single nucleotide polymorphism.
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a recessive effect (p = 0.016 for the
moderate periodontitis patient group
and p = 0.034 for the severe perio-
dontitis patient group) (Table 4). No
significant  difference was found
between the control group and the
mild/moderate/severe periodontitis
patient groups regarding the frequen-
cies of the other eight single nucleotide
polymorphisms in TLR2 and TLR4.

Because the mean age of the control
group was significantly younger than
that of the patient group, we classified
the patients into two groups, according
to their ages, to enable comparison
with the group in the same age range.
The frequency of the ‘C/C’ genotype at
the + 3725 base-pair position in TLR4
in the group of younger periodontitis
patients was significantly higher than
that in the control group (p = 0.022),
whereas no significant difference was
found between subjects in the older
periodontitis patient group and the
control group (Table 5).

Discussion

The missense mutations, reported pre-
viously, in TLR2 (R677W and R753Q)
and TLR4 (D299G and T399I), were

not found in the present study (6-8).
These results are consistent with the
report that the D299G mutation in
TL R4 is not present in the Japanese (16)
and Chinese populations (17). Because
three of the four missense mutations
(R753Q in TLR2, and D299G and
T399I in TLR4) were reported only in
European and American populations,
the reason why our present results are
inconsistent with previous reports
might come from the differences be-
tween populations. Although R677W
in TLR2 was identified in Korean lep-
romatous leprosy patients, it was not
detected in 286 Indian lepromatous
leprosy patients (18). It was suggested
that the R677W mutation might come
from the variation in the duplicated
region with 93% homology to TLR2
exon 3 located at =23 kb 5’-position to
the functional TLR2 gene (18). Because
the primers we used in this study were
designed specifically for the functional
TLR2 gene, our results are definitive.
Although there are conflicting results in
the literature regarding the association
between those four missense mutations
and the susceptibility to periodontitis
(9-12), it is difficult to use those four
missense mutations to confirm the

Table 4. TLR4 +3725 (rs11536889) genotype frequencies in periodontitis patients (mild,

moderate, severe) and control subjects

Genotype
SNP ID Subjects GG (%) GC (%) CC (%) p-value
Mild 9 (63) 6 (32) 1(5) P1 =0.325
P2 =0.151
Moderate 47 (71) 11 (18) 711 P1 =0.016
rs11536889 P2 =0.840
Severe 13 (81) 1(6) 2(13) P1 =0.034
P2 =0.521
Control 73 (74) 24 (24) 2(2)

ID, identity; SNP, single nucleotide polymorphism.
P1: p-value considered as the C allele having a recessive effect (GG + GC vs. CC).
P2: p-value considered as the C allele having a dominant effect (GG vs. GC + CC).

Table 5. TLR4 +3725 (rs11536889) genotype frequencies in the younger periodontitis
patient group (< 60 years of age) and in the older periodontitis patient group (2 60 years

of age)

Genotype
Age-group GG (%) GC (%) CC (%) p-value
Younger - 32 (70) 8 (17 6 (13) 0.022
Older 37(72) 10 (20) 4 (8) 0.204

p-values were calculated in comparison to the control group.

association between periodontitis and
TLR2/TLR4 in the Japanese popula-
tion because those missense mutations
are very rare in Japanese subjects.

We searched for single nucleotide
polymorphisms around . exons in
TLR2/TLR4 because it is possible that
other single nucleotide polymorphisms,

"previously reported, are associated

with periodontitis in Japanese subjects.
We found nine single nucleotide poly-
morphisms in the exons of TLR2 and
TLR4 in the present study; however,
none resulted in amino acid substitu-
tion. A missense mutation(s) in TLR2/
TLR4 would probably not be found as
a common variation in Japanese perio-
dontitis patients. It is possible that
periodontitis is based on many rare
variants, although we did not perform
a mutation search in TLR2/TLR4 in all
of the patients. Smirnova et al. repor-
ted that 11 rare missense mutations in
TLR4 were found in 197 meningococ-
cal patients, but that only one rare
missense mutation was identified in 127
controls in the UK (19). This is an
example that is consistent with the
hypothesis that many rare variants are
related to common diseases.

We found that the TLR4
+3725G > C mutation was associated
with the whole periodontitis group,
and a significant association was also
found between the control group and
the moderate/severe  periodontitis
patient groups. Although the mean age
of the control group was lower than
that of the patient group, the ‘C/C
genotype was observed more fre-
quently in the younger periodontitis
patient group than in the control

“group. The positive results from the

whole case-control study, and the
comparison between the age-matched
groups, strongly suggest that the TLR4
+3725G>C mutation is associated
with periodontitis. We did not perform
a haplotype association study because
the single nucleotide polymorphisms
used in this study showed no evidence
of linkage disequilibrium (data not
shown) with each other. In our next
research step, we need to perform a
mutation search for other base changes
within the genomic region, including
TLR4. Such a study will uncover the
single nucleotide polymorphisms -in



linkage disequilibrium with +3725G
>C of the TLR4 gene or the disease-
associated haplotype within the TLR4
gene. Considering that the progression
of periodontitis is affected by multiple
factors, such as oral hygiene and the
deposition of calculus, a genetic influ-
ence may not be sufficient to distin-
guish the mild periodontitis group
from the control group. Age is also
known to be a putative risk factor for
periodontitis (20), and older patients,
with a relatively low-genetic back-
ground of mutations, might be suffer-
ing from periodontitis. Those factors
may account for the lack of statistical
difference between the control group
and the mild periodontitis group, and
between the control group and the
older periodontitis group.

Because the +3725G>C mutation
is located in the 3’-untranslated region
of TLR4, it does not have any direct
influence on the conformation of the
Toll-like receptor 4 protein molecule,
according to our present biological
knowledge. However, because single
nucleotide polymorphisms in introns
and/or untranslated regions may
influence transcription and/or transla-
tion (21-24), the +3725G>C muta-
tion might have a direct effect on
mRNA stability or translation effi-
ciency. Antisense transcripts might
be important for regulating TLR4
transcription. The reported disease-
associated single nucleotide polymor-
phisms or haplotypes are not always
found in coding regions in ‘common
diseases’ (25,26). The functional assay
of disease association with single
nucleotide polymorphisms in introns
is the next point requiring investiga-
tion. In view of the importance of the
Toll-like receptor 4 in the pathogene-
sis of periodontal diseases, the biolo-
gical siéniﬁcance of genetic variation,
including transcription efficiency of
the mutated gene, needs to be eluci-
dated.
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Prenatal ultrasonographic findings may be useful in
predicting the prognosis of trisomy 18

Terumi Tanigawa*, Daisuke Nakayama, Kiyonori Miura, Shoko Miura, Takako Shimada and

Hideaki Masuzaki

Department of Obstetrics and Gynecology, Nagasaki University School of Medicine, Nagasaki, Japan

Objective This study was conducted to determine whether specific ultrasonographic findings in the prenatal
period were associated with survival of children affected with trisomy 18.

Method Between October 1987 and July 2004, we collected 24 cases with trisomy 18. We investigated the
relationship of prenatal ultrasonographic findings, gestational age at delivery, the Apgar score, the mode of
delivery, and the neonatal treatment strategies, with survival time.

Results 17 of the 24 neonates died within 1 month after birth (Group 1), 5 died within 12 months (Group
2), and 2 survived for more than 1 year (Group 3). Severe polyhydramnios was more frequent in group 1.
In groups 2 and 3, the fluid in fetal stomach was visible in all cases. Severe cardiac anomalies were more
frequent in group 1. In groups 2 and 3, all neonates were girl.

Conclusion Prenatal ultrasonographic findings associated with survival less than 1 month included severe
polyhydramnios, absence of the fluid in the stomach, severe cardiac anomaly and male sex. Copyright © 2007

John Wiley & Sons, Ltd.
KEY WORDS: trisomy 18; survival; ultrasonography

INTRODUCTION

Trisomy 18 is the second most frequent chromosomal
abnormality in live-borns following trisomy 21, with
an incidence reported to be 1/7000 neonates (Gold-
stein and Nielsen, 1988). This disorder is definitively
diagnosed by karyotype analysis; however, recently,
prenatal ultrasonographic findings have suggested this
disorder in many cases (Nyberg et al., 1993; Nyberg and
Souter, 2001; Tongsong et al., 2002). Although the prog-
nosis of trisomy 18 is poor, some patients have been
reported as surviving for a long period (Kelly et al.,
2002; Slavotinek et al., 2003). The prognostic factors
hitherto reported include gender difference (boys<girls),
the presence or absence of cardiac anomalies, and neona-
tal treatment strategies (Sonja et al., 2003; Taylor, 1968;
Root and Carey, 1994); however, these factors remain
to be clarified in many respects. In particular, informa-
tion on the prognosis of this disorder is important for
counseling with patients’ parents. Prenatal ultrasono-
graphic findings associated with this disorder include
polyhydramnios, intrauterine growth restriction, various
malformations such as cardiac anomalies, rachischisis,
cerebellar hypoplasia, micrognathia, umbilical hemia,
clenched hands/wrists, radial defect, clubfeet, cystic
hygroma colli, and single umbilical artery; however,
they vary considerably among patients (Nyberg et al.,
1993; Nyberg and Souter, 2001; Tongsong et al., 2002).

*Correspondence to: Terumi Tanigawa, Department of Obstetrics
and Gynecology, Nagasaki University School of Medicine, 1-7-1
Sakamoto, Nagasaki 852-8501, Japan.
E-mail: t-terumi @net.nagasaki-u.ac.jp

Copyright © 2007 John Wiley & Sons, Ltd.

In this study, we investigated the relation between
fetal ultrasonographic findings and survival to identify
specific ultrasonographic findings strongly associated
with the outcome of infants affected with trisomy 18.

METHODS

Of 29 fetuses diagnosed as having trisomy 18 in
Nagasaki University Hospital and Sasebo City General
Hospital between October 1987 and July 2004, the
subjects were 24 fetuses excluding two spontaneous
abortions, two artificial abortions, and one fetus of which
the details were unclear.

In the first trimester, gestational age was determined
from the final menstruation or fetal crown—rump length.
In all subjects, ultrasonographic findings suggested fetal
anomalies. After genetic counseling, amniocentesis was
performed based on the parents’ wishes. Trisomy 18
was diagnosed by a chromosome test using amniotic
fluid and/or neonatal blood. There was no mosaicism.
In fetuses in which a prenatal diagnosis was made,
additional genetic counseling was conducted with the
parents, and the mode of delivery was selected.

We investigated the correlation between ultrasono-
graphic findings in fetuses with trisomy 18 and their
survival after birth. Ultrasonographic findings included
amniotic fluid volume, the presence or absence of fluid
in the. fetal stomach, the presence or absence of car-
diac anomalies, the anteroposterior diameter of the cis-
terna magna, and the grade of intrauterine fetal growth
restriction. Other factors that could have affected sur-
vival, such as the gestational age at delivery, Apgar
score, and mode of delivery, were described. Neona-
tal treatment strategies were also involved, e.g. whether
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the neonate was admitted to the neonatal intensive care
unit (NICU) and whether surgery for malformations was
performed. Amniotic fluid volume was estimated by the
amniotic fluid pocket: deepest pocket free of umbilical
cord or fetal parts in the anteroposterior plane of the
uterus. An amniotic fluid pocket of 120 mm or more
was regarded as severe polyhydramnios. The grade of
intrauterine growth restriction was compared using devi-
ations from the standard fetal body weight in Japan. An
Apgar score of less than 3 after 1 min was regarded
as low.

RESULTS

Concerning fetal survival, 17 of the 24 neonates died
within 1 month after birth (Table 1). Of the other 7
neonates, 5 died within 12 months, whereas 2 survived
for more than 12 months (patient 23: more than 5 years,
patient 24: more than 1 year). The above 17 neonates
(patients 1—17) were assigned to group 1 (17/24, 70.8%),
5 (patients 18-22) were assigned to group 2 (5/24,
20.8%), and 2 (patients 23 and 24) were assigned to
group 3 (2/24, 8%). Severe polyhydramnios (amniotic
fluid pocket: 120 mm or more) was observed in 12 of
the 17 neonates in group 1, and in 1 of the 2 neonates
in group 3. Amnioreduction had been performed due
to polyhydramnios during pregnancy in 8 neonates in
group 1, and in 1 neonate in group 3 (Tables 2 and 3).
As cardiac anomalies, ventricular septal defect, atrial
septal defect, hypoplastic left heart syndrome, and single
atrium/single ventricle were noted (Table 2). There were
no significant differences in the incidence of cardiac
anomalies among the 3 groups (Table 3); however,
severe cardiac anomalies, such as hypoplastic left heart
syndrome, were more frequent in group 1 (Table 2).

There were no significant differences in the antero-
posterior diameter of the cisterna magna among the 3
groups (Table 3).

In groups 2 and 3, ultrasonographic findings showed
fluid in the stomach in all neonates; however, fluid in the
stomach was not observed in group 1, with significant
differences.

The grade of intrauterine growth restriction was
—234+0.7 in group 1, —2.9+ 0.8 in group 2, and
—2.6 £ 0.9 in group 3; there were no significant differ-
ences among the 3 groups. Fourteen of the 17 neonates
in group 1 showed low Apgar scores (less than 3 after
1 min), comprising a higher percentage. In group 1,
9 of the 17 neonates were boys. In groups 2 and 3,
all neonates were girls. Premature birth accounted for
approximately 50% of the neonates in groups 1 and 2. In
group 3, there were no premature births. Concerning the
mode of delivery, cesarean section was selected for 1 of
the 17 neonates in group 1, and in 4 of the 5 neonates in
group 2. In the 2 neonates in group 3, transvaginal deliv-
ery was selected. In group 1, 3 neonates were admitted
to the NICU (cases 1-3), and case 2 received mechan-
ical ventilation. In group 2, all neonates were admitted
to the NICU, and cases 19 and 20 received mechanical
ventilation. The 2 neonates in group 3 were not admitted

Copyright © 2007 John Wiley & Sons, Ltd.
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to the NICU (Table 3). No subject underwent surgery in
the neonatal period.

The cause of death in neonates/infants managed in
the NICU was either respiratory failure or heart fail-
ure. Case 2 with a single atrium/single ventricle died
of heart failure. Case 3 died of progressive respi-
ratory failure. Cases 18, 20 and 21, who had large
VSD, died of pulmonary hypertension and heart fail-
ure. Case 19 died of infection of the respiratory tract.
Case 22 died of sudden cardiac arrest. The neonates
with diaphragmatic hernia (cases 13 and 14) died of
respiratory failure. We did not know the exact cause
of death in patients who were not managed in the
NICU.

DISCUSSION

The prognosis of trisomy 18 is generally poor, and many
patients die during the first days after birth; however,
some patients have been reported as surviving for a
long period (Kelly et al., 2002; Slavotinek et al., 2003).
According to previous studies regarding the outcome
of neonates with trisomy 18, 38.6% of 114 neonates
survived for 1 month, and 8.4% survived for 1 year. The
mean survival was 14.5 days (Sonja et al., 2003).

We examined the association of fetal ultrasonographic
findings (the amniotic pocket, fluid in the fetal stomach,
presence or absence of cardiac anomalies, anteroposte-
rior diameter of the cisterna magna, and the grade of
intrauterine growth restriction), gestational age at deliv-
ery, Apgar score, mode of delivery, and admission to the
NICU, with survival after birth. In particular, neonates
survived more than 1 month (group 2 and group 3)
when fluid in the stomach was detected and without
severe polyhydramnios. The absence of fluid in the
stomach and polyhydramnios are often associated with
esophageal atresia and/or functional swallowing disor-
der. Both could result in poor nutritional status in the
neonatal period. In addition, preterm birth and result-
ing neonatal prematurity are common in cases of severe
polyhydramnios that causes marked uterine overdisten-
sion. Indeed, in the present study, the average gestational
age at delivery in group 1 was earlier than in groups
2 and 3. A recent report on 161 neonates affected by
trisomy 18 showed similar results: esophageal atresia
was associated with shorter survival and prematurity
(Niedrist et al., 2006). Palliative surgery for gastroin-
testinal malformation seems to be rejected for the major-
ity of trisomy 18 cases, probably because of the well-
known lethality of the disorder; however, it might be of
value to investigate whether active treatment strategies
lengthen the survival time.

In our study, we did not find an apparent relation
between the presence or absence of cardiac anomalies
and the prognosis of trisomy 18, differing from another
report on 27 cases (Taylor, 1968). Although this lack
of consistency could be due to the small sample size,
another report with a larger sample size (Niedrist et al.,
2006) suggested that the presence of VSD, the common-
est heart anomaly seen in trisomy 18, does not influence

Prenat Diagn 2007; 27: 1039-1044.
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Table 3—Prenatal ultrasonographic and neonatal findings of the 3 groups

Group 1 (n = 17)

Group 2 (n = 5) Group 3 (n =2)

Sex (male) 9 (53%)
Severe polyhydramnios® 12 (70%)
Amnioreduction 8 (66%)
Cardiac anomaly 12 (70%)
Stomach not visualized 11 (64%)

Cisterna magna (mm)" 16

Grade of IUGR -23+0.7
Premature birth 8 (47%)
Cesarean section 1 (5.9%)
Low Apgar score® 14 (82%)
NICU 3(17%)

0 0
0 1 (50%)
0 1 (50%)
5 (100%) 1 (50%)
0 0
17 12
—291+038 —-2.6x09
2 (40%) 0
4 (80%) 0
2 (40%) 0
5 (100%) 0

2 amniotic fluid pocket >120 mm.
b average.
Cless than 3 after 1 min.

Data are expressed as the number (%) or mean £SD; IUGR, intrauterine growth restriction.

prognosis. We should probably take into account the
severity of cardiac anomalies. Indeed, in our study, 4
cases of hypoplastic left heart syndrome died within
4 days after birth.

Fifteen of the 24 children delivered with trisomy
18 were girls, and no boys survived for longer than
1 month. Previous studies consistently showed more
girls born alive and longer survival of girls, for unknown
reasons (Root and Carey, 1994).

A recent report suggested that neonatal intensive treat-
ment, including cesarean section, resuscitation by intu-
bation and surgery, improved the survival of neonates
affected by trisomy 18: survival rates at ages 1 week,
I month, and 1 year were 88, 83, and 25%, respec-
tively (Kosho er al., 2006). All cases were prenatally
diagnosed, as were those in our study. In our series,
the 5 neonates in group 2 underwent active manage-
ment in the NICU, survived more than | month but
died within 5 months. It is likely that intensive treat-
ment might improve the relatively short-term prognosis.
Future work should further examine the effect as well
as the indication of active management on survival for
a longer period.

Concerning the mode of delivery, cesarean section
was selected for 4 of the 5 neonates in group 2, and
transvaginal delivery for the 2 neonates in group 3.
These results show that the mode of delivery per se,
has no impact on the prognosis of trisomy 18; however,
cesarean section performed for obstetrical indications
such as fetal malpresentation, dystocia, or fetal distress
should improve at the least short-term prognosis.

CONCLUSION

Many studies have reported ultrasonographic findings of
fetuses affected with trisomy 18; however, the purpose
of most studies was to diagnose trisomy 18 in the
first or mid-trimester (Shields et al., 1998; Jae et al.,
2005; Reinsch, 1997; Ronald et al., 2003). To our
knowledge, no study has examined the association
between ultrasonographic findings in the prenatal period
and neonatal/infant survival possibilities. ’

Copyright © 2007 John Wiley & Sons, Ltd.

We investigated prenatal ultrasonographic findings
of pregnant women who delivered live-born infants
affected with trisomy 18. Our results showed that sur-
vival time less than 1 month was associated with severe
polyhydramnios, absence of fluid in the stomach, severe
cardiac anomaly and male sex. These findings could be
useful for genetic counseling and decision making dur-
ing pregnancies affected by this condition. The effect of
intensive treatment including mechanical ventilation and
surgery for cardiac/gastrointestinal malformation is yet
to be determined.
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Abstract

Objective. Human papilloma virus (HPV) can cause cervical cancer. Risk factors for HPV infection are primarily related to sexual behavior. We
determined the prevalence of HPV infection and abnormal cervical cytology in institutionalized women with no previous sexual experience.

Methods. The study subjects were 251 patients who sought screening for cervical cancer (45.9£9.4 years, mean+S.D., range, 14 to 66). They
were institutionalized for psychosomatic disorders since childhood, and had no previous sexual experience. In addition to screening for cervical

cancer, specimens for HPV testing were collected.

Results. No women who were positive for HPV DNA was detected, though 251 women without sexual experiences were screened by the

hybrid capture 2 test including 26 types of HPV-DNA.

Conclusion. Transmission through means other than sexual intercourse may not exist because we could not detect HPV DNA in 251 women

with no previous sexual experience.
© 2007 Elsevier Inc. All rights reserved.

Keywords: HPV; Virgins; Cervical cancer screening test; Prevalence of infection

Introduction

The risk factors for HPV infection and cervical cancer are
primarily related to sexual behavior, including number of sex
partners, life time history of sex partners, and sexual behavior
of prior sexual partners [1-4,6—8). The current guidelines in the
U.S. recommend women with normal recent cervical cytology
without HPV to be screened every three years. However, how
we should manage women with no previous sexual experience,
e.g., virgins and physically handicapped women remains un-
known, because previous studies have reported that HPV was
virtually absent in women with no previous sexual experience
[1,3]. So we designed the present study to determine the
prevalence of HPV infection and cervical cancer in women with
no previous sexual experience. We also discuss the necessity for

* Corresponding author. Fax: +81 95 849 7365.
E-mail address: shimachan-ngs@umin.ac.jp (T. S_himada).

0090-8258/$ - see front matter © 2007 Elsevier Inc. All rights reserved.
doi:10.1016/j.ygyno.2007.04.018

determining the appropriate duration and frequency of follow-
up screening of women with no previous sexual experience.

Materials and methods

The study period spanned from September to December 2006, during
which 251 patients who sought screening for cervical cancer were recruited.
They had lived in an institution for individuals with psychosomatic disorders
(Misakaeno-sono) since childhood, and had no previous sexual experience.
They had undergone screening for cervical cancer annually or every
2 years. The results of screening for cervical cancer were normal for the past
12 years.

In this study, 89 conventional cervical cytology and 162 liquid-based
cervical cytology (SurePath & CytoRoch, MBL) specimens were interpreted
by cytopathologists. Interpretations were rendered by each cytopathologist
according to his/her individual application of the diagnostic Bethesda
System.

When the subjects underwent screening for cervical cancer, additional
specimens for HPV test were collected by using Cytopick (Matsunami Glass
Industries, Tokyo). Hybrid Capture 2 kit (Digene Corporation, Tokyo, Japan),
which can detect HPV type 6, 11, 16, 18, 30, 31, 33, 34, 35, 39, 42, 44, 45, 51,
52,53, 54,55, 56, 58,59, 61, 66, 68, 70 and 82, was used for HPV genotyping.
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All study protocols were approved by the Committee for Ethical Issues on
Human Genome and Analysis of Nagasaki University.

Results

During the study period, we evaluated 251 females ranging
in age from 14 to 66 years (45.9+9.4 years, mean=S.D.). Their
admission age were from 2 to 41 years old (15.9+7.8 years
old, mean+8.D.). Their institutionalized period were from 2 to
4] years (30.3 8.8 years, mean=+S.D.) before the current study.
Their types of psychosomatic disorders are shown in Table 1.
Virginity was confirmed in all participants by the presence of
intact hymen and questionnaire or asking family members.

The results of cervical cytology screening test and HPV
DNA test are shown in Table 2. Although 251 women without
sexual experiences were screened by the hybrid capture 2 test
including 26 types of HPV-DNA, no case of HPV-DNA positive
was detected.

One woman was found to have abnormal cervical cytology
(Table 2). Since swelling nucleus of parabasal cells were detected
but the views suggesting HPV infection were not detected, her
result of cytological screening was diagnosed as ASC-US by
Bethesda System. She was negative for HPV DNA. She was
56 years old and completely asymptomatic. She was institution-
alized for 37 years before the current finding.

Discussion

In the present study, we showed that the prevalence of abnor-
mal cervical cytology was 0.40% (1/251) among females with no
previous sexual experience. The result of abnormal cytology
detected was ASC-US by Bethesda System.

The low prevalence of abnormal cytology in our cohort
with no previous sexual experience compared with females
among the general population is probably related to the 12-year
negative screening results for cervical cancer. However, we
emphasize the necessity for regular follow-up because abnormal
cytology was detected in one woman with no previous sexual
experience. .

Regarding the prevalence of HPV infection, no case of HPV
positive was detected among Japanese women with no previous
sexual experience surprisingly. Stevens-Simon et al. indicated
that HPV is virtually absent in non-abused girls [2]. Further-
more, Gutman et al. suggested that HPV is absent in women
with no previous sexual experience [1]. However non-sexual
modes of transmission cannot be excluded, such as infection
from humid dwellings, contaminated instruments and under-

Table 1

Main disease of the patients

Disease n=251 (%)
Mental retardation 162 (64.5)
Cerebral palsy 45 (17.9)
Sequela of the encephalitis or meningitis 10 (4.0)
Chromosomal disorder 15 (6.0)
Other diseases 19 (7.6)

Table 2

Results of cervical cytology screening test and HPV DNA test

Bethesda system n=251 (%) Number of HPV-positive cases (%)
Negative 250 (99.6) 0

ASC-US 1(04) 0

ASC-H 0(0) 0

LSIL 0(0) 0

HSIL 0(0) 0

SCC 0(0) 0

wear, and vertical transmission from an infected mother to
newborn babies [5].

Our results suggested that transmission through means other
than sexual intercourse may not exist because we could
not detect HPV DNA in patients with no previous sexual
experience.

For the screening system of cervical cancer in women with
no previous sexual experience how we should manage these
population remains unknown. To answer this question, we need
further follow-up studies to confirm whether the abnormal
cervical cytology (the result of screening was ASC-US by
Bethesda System) disappears or not in one woman. Up to the
present, we did not detect abnormal cytology over 12 years
in women with no sexual experience, and we could not detect
HPV DNA in patients with no previous sexual experience.
The data from this study supports that women with sexual
experiences need to be screened longer because of the
possibility of chronic infection with high-risk types of HPV.
Meanwhile women without sexual experience probably do not
need to be screened as often or as long, given the extreme
unlikelihood of HPV infection in this patient population.
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Circulating Cell-Free Placental mRNA
in the Matemal Plasma as a
Predictive Marker for Twin-Twin
Transfusion Syndrome

To the Editor:

Twin-twin transfusion syndrome
(TTTS), which is a serious complica-
tion in monochorionic diamniotic
twins (MCDA-T), involves unequal
blood flow via the placental vascular
anastomoses from the donor to the
recipient twin. Although the placen-
tal anastomoses are present in all
MCDA-T and both fetuses are genet-
ically identical, TTTS occurs in only
15% of MCDA-T, and much of the
pathophysiological basis of TTTS re-
mains poorly understood. Clinically,
a staging system based on the ultra-
sound features of TTTS is widely
used for the management (1) but not
for the prediction of TTTS. In addi-
tion, the known predictive findings
observable by ultrasonographic ex-
amination are detectable only in a
small portion of TTTS cases (2). New
predictive markers are therefore de-
sirable for the early detection and
prevention of TTTS. Recently, pla-
cental mRNAs, such as human pla-
cental lactogen (PL) and some other
hormones were detected in maternal
plasma, and concentrations of each
marker were measured with quanti-
tative real-time reverse transcription
(RT)-PCR (3,4). Thus, circulating
cell-free mRNA (cf-mRNA) in mater-
nal plasma has become an attractive
target for the noninvasive monitor-
ing of pregnancy disorders (3, 5).
The purpose of the present study
was to investigate the use of cf-
mRNA concentration in maternal
plasma as a predictive marker of
later TTTS. The study participants
included 17 pregnant women who
visited the Obstetrics Clinic of Na-
gasaki University Hospital at 12-21
weeks of gestation for management
of their pregnancy with MCDA-T.
Included as a control group were 135
singleton pregnant women without
medical complications at similar ges-
tational age. All of the participants
gave written informed consent, and
the study was approved by the Re-
search Ethics Committee of Nagasaki
University. Although none of the 17
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cases of MCDA-T were complicated
by TTTS at the time of blood sam-
pling, TTTS subsequently developed
in 5 cases (TTTS group), but not in
the remaining 12 cases (no-TTTS
group). Gestational ages at diagnosis
of TTTS were 15-25 weeks. The 3
groups had no significant differences
in population characteristics, includ-
ing the maternal age, the number of
nulliparous women, and the gesta-
tional age at the time of sampling
(data not shown).

The blood samples (8 ml) from
each woman were collected into
an EDTA tube, and the plasma
sample was stored at —20 °C until
use. After cf-mRNA was extracted
from maternal plasma, a quantitative
1-step real-time RT-PCR assay was
performed using an ABI 7900T Se-
quence Detector (Perkin-Elmer) as
described previously (4). Primer sets
and TagMan probes for each gene
and single-strand, and synthetic
DNA oligonucleotides from each
amplicon used for a calibration curve
were prepared as described previ-
ously (4). Then, plasma concentra-
tions of cf-mRNA for human PL and
for glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH) were mea-
sured and converted into multiples
of the median (MoM) of the controls
adjusted for gestational age, as de-
scribed previously (5). The differ-
ences between the TTTS and the no-
TTTS groups were evaluated with
the Mann-Whitney U-test. Signifi-
cant difference was defined as a P
value <0.05.

The median (minimum-maxi-
mum) cf-PL mRNA MoM values
were 1.80 (0.89-3.81) in the TTTS-
group, 1.14 (0.77-1.35) in the no-
TTTS group, and 1.00 (0.82-2.05) in
the control group, respectively. At
adjusted gestational age the cf-PL
mRNA concentration was signifi-
cantly higher in the TTTS group than
in the no-TTTS group (Mann-Whit-
ney U-test, P = 0.035), whereas there
was no significant difference of cf-PL
mRNA concentration between the
no-TTTS group and the control
group (P = 0.41; Fig. 1). In addition,
the median cf-GAPDH mRNA MoM
value in the maternal plasma was
significantly higher in the TTTS
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Fig. 1. Box and whis-
kers plots of cf-PL
MoM distribution in
the TTTS group, no-
TITS group, and
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group (2.20; range 1.30-2.68) than in
the no-TTTS group (1.09; range 0.68-
3.25; P = 0.045). Our results sug-
gested the possibility that unappar-
ent pathophysiological changes had
already occurred in the women who
subsequently developed TTTS, al-
though which specific conditions led
to the increased mRNA in the mater-
nal plasma in the TTTS group remain
unknown.

In conclusion, a quantitative aber-
ration of both the cf-PL and cf-
GAPDH mRNA in maternal circula-
tion may be a novel predictive
marker for TTTS, although both sta-
tistical differences were small and
thé sample size was too small to give
sufficient strength to the analysis.
Therefore, a combination of several
cell-free placental mRNA markers
could be effective for the prediction
of TTTS, similar to the situation for
tumor markers. Further study to
identify gene transcripts that are ex-
pressed only in the placenta and not
in blood cells may help to both pre-
dict and prevent TTTS and also may
further elucidate the pathophysiol-
ogy of this serious complication.
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