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Surveillance or surgery? A description of the factors
that influence high risk premenopausal women’s
decisions about prophylactic oophorectomy

Nina Hallowell, Ian Jacobs, Martin Richards, James Mackay, Martin Gore

EDITOR—Approximately 5% of cases of epithe-
lial ovarian cancer result from an inherited sus-
ceptibility.1 Some of the genetic mutations
responsible have recently been identified.2–5 It is
estimated that BRCA1 carriers have a 28% life-
time risk of developing ovarian cancer,6 while
BRCA2 carriers have a risk of 0.4% of develop-
ing ovarian cancer at the age of 50, which rises to
27% by the age of 70.7 The recommended man-
agement of high risk women is either annual
ovarian screening (transvaginal ultrasound) with
serum CA125 measurement or bilateral prophy-
lactic oophorectomy from the age of 35
onwards, or once childbearing is completed.8–11

As there is no evidence that ovarian screening is
eVective in reducing mortality, it is currently
assumed that prophylactic surgery is the best
form of risk management,12–14 although data
suggest that intra-abdominal carcinomas may
still arise following this procedure.15–17

There is little published research on the
uptake of preventative surgery in at risk
women18 or mutation carriers.19 20 However, it
is generally assumed that there will be an
increase in demand for prophylactic surgery, as
direct mutation testing becomes more widely
available. Epidemiological studies suggest that
prophylactic oophorectomy may play a role in
the prevention of breast cancer in high risk
populations.21 22 Therefore, there may be a case
for informing women at risk of breast cancer
about this option. If health professionals are to
facilitate informed decision making about
ovarian cancer risk management, then they
need to be aware of the factors that influence
women’s decisions about prophylactic surgery.

There are few published data that describe
the factors that influence women’s decisions to
undergo prophylactic surgery because of their
inherited risk of developing cancer. Studies of
high risk women who have undergone prophy-
lactic mastectomy to manage their risk of
breast cancer suggest that surgical decisions are
influenced by subjective risk perception and
cancer worry23 24 and the death of other family
members from breast cancer.24 Similarly, re-
search involving at risk women following
attendance at genetic counselling for heredi-
tary breast/ovarian cancer suggests that atti-
tudes to prophylactic oophorectomy are influ-
enced by subjective risk perception, cancer

worry, attitudes about the menopause, and
social obligations.25 26 While this research is
informative, it can also be seen as problemati-
cal because (1) prophylactic surgery was a
hypothetical option for some of the women in
these studies, in the sense that there was no
indication that they were seriously considering
this form of risk management, and (2) the
menopausal status of participants was not
reported. With regard to the latter point, it can
be speculated that, because oophorectomy
results in menopause, surgical decisions may
be influenced by current menopausal status.
The present study of surgical decision making
has tried to overcome the shortcomings of pre-
vious research on prophylactic oophorectomy,
by interviewing high risk women who have
previously undergone prophylactic surgery
before the menopause, together with premeno-
pausal women who have rejected this option for
the present.

Methods
RECRUITMENT

The participants were recruited from the
United Kingdom Cancer Coordinating Com-
mittee’s Familial Ovarian Cancer Register, the
Risk Advisory Clinic at St Bartholomew’s
Hospital, London, and the Cancer Family His-
tory Clinic at the Royal Marsden Hospital, fol-
lowing LREC approval for the study. Infor-
mation about menopausal status before
surgery or at the time of interview was available
for women recruited from the UKCCCR
register; for the remainder of the sample, whose
menopausal status was unknown, 45 years of
age was used as an arbitrary cut oV point for
recruitment. With the exception of one aVected
woman, only women who had at least two first
or second degree relatives aVected with ovarian
(or breast) cancer were approached to partici-
pate. All women in the surgery group were
recruited from the UKCCCR register, and
therefore had two relatives with ovarian cancer.
With the exception of two women who had no
aVected first degree relatives, one of whom had
a paternal family history, all had a 50% chance
of carrying a mutation. Sixteen women in the
screening group were recruited from the regis-
ter and the remaining women were recruited
from the clinics mentioned above. In the case
of women recruited from the clinics, only those
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with a family history consistent with HBOC
were recruited, which meant that they had at
least one relative with ovarian cancer and other
relatives with breast cancer. Eight women in
the screening group had no aVected first degree
relatives, although one of these had been
treated for breast cancer. Thus, 19 women in
the screening group had a 50% chance of
carrying a mutation and seven were at 25% risk
of carrying a mutation. Of these seven women,
three had a paternal family history and four a
maternal history. In three of the latter cases
their mother had undergone therapeutic or
prophylactic oophorectomy because of the
family history of ovarian cancer.

DATA COLLECTION AND ANALYSIS

In depth interviews (one to three hours) were
carried out in a location of the participant’s

choice (see box 1). All interviews were tape
recorded with consent and transcribed. Con-
sent to analyse the tapes was also obtained at
the end of the interview. A thematic analysis of
the interview transcripts was undertaken using
Atlas-ti27 to manage the data. The data were
initially indexed on a case by case basis, which
allowed patterns and relationships between the
codes to emerge within the data set.28 Between
interview comparisons were also made and this
enabled deviant cases to be taken into consid-
eration.29 The resulting themes provided an all
inclusive description of participants’ accounts
of surgical decision making. The frequencies
with which some responses occurred are noted
in the presentation of the results. While this
should not be interpreted as indicating the
relative importance of the diVerent responses,
it does provide an indication of their repre-
sentativeness within this data set.

Results
The surgery group, who were invited to
participate, included 33 women from the
Familial Ovarian Cancer Register who had
undergone surgery and met the study criteria.
Ten failed to reply and 23 (70%) women from
17 families were finally recruited. The screen-
ing group, who were contacted by letter,
included 34 women who were currently under-
going screening and/or had attended genetic
counselling. Three refused to take part and five
did not respond; 26 (76%) women from 24
families were recruited. The demographic and
cancer family history variables of the partici-
pants are summarised in table 1.

Box 1
At the start of the interview the participants
were asked to provide a narrative account of
their experiences of cancer in their family
and to describe their risk management
behaviour. Thus, the structure and content
of the interviews was dictated by partici-
pants’ initial responses. In addition, a series
of questions was also used to guide the
interviews. These explored: women’s deci-
sion making, attitudes about the diVerent
risk management options, knowledge of
ovarian function and menopause, their
understanding and recall of the information
they received pre- and post-surgery, the
sources of this information, and what
further information they wanted or needed.

Table 1 Participants’ characteristics

Surgery Screening

(n=23) Range % (n=26) Range %

Demographic characteristics
Mean age 44.4 32–62 — 36.5 28–50 —
Mean age at surgery 38.8 31–45 — — — —
Mean time since surgery (y) 5.5 0.5–25 — — — —
Single 0 — — 4 — 15
Married/living as married 21 — 91 14 — 54
Divorced/separated 2 — 9 8 — 31
Women with children 23 — 100 19 — 73
Pregnant 0 — — 1 — 4
Family history of ovarian and breast cancer
Maternal family history 20 — 87 20 — 77
Paternal family history 1 — 4 5 — 19
Maternal + paternal family history 2 — 9 1 — 4
Total number of aVected relatives 98 2–8 — 97 1–9* —
Mean number of aVected relatives 4.3 — — 4.0 — —
Women with aVected 1st degree relatives 21 — 91 18 — 69
Women with aVected 2nd degree relatives 19 — 83 23 — 88
Personal history of breast cancer — — — 4 — 15
Cancer risk management history
Cancer genetic counselling pre-surgery 6 — 26 19 — 73
Cancer genetic counselling post-surgery 5 — 22 — — —
Ovarian screening pre-surgery 16 — 70 26† — 96
Ovarian screening post-surgery 3 — 13 — — —
Surgical procedures‡
BSO + hysterectomy 16 — 70 — — —
BSO only 7§ — 30 — — —
BRCA1/2 mutation status
Mutation search initiated in family 3 — 13 12 — 44
Mutation positive 1 — 4 1 — 4
Mutation negative 1 — 4 — — —

*Women with only one aVected relative were themselves aVected with breast cancer.
†One woman had ceased screening and another was about to start screening.
‡In five cases, oophorectomy was performed following abnormal screening results/during an exploratory operation.
§Four women had previously undergone therapeutic hysterectomy.
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The analysis of the interviews with women in
both the screening and surgery groups sug-
gested that there are five main factors that
influence surgical decisions. These can be
summarised as: (1) risk perception and the risk
of cancer, (2) witnessing a relative’s experience
of ovarian cancer, (3) family and social obliga-
tions, (4) fertility and menopause, and (5) fear
of surgical procedures in general. Where
appropriate, the following discussion will com-
pare the responses of those who had undergone
or rejected surgery (for the present) to
highlight points of continuity and diVerence
between the two groups.

(1) RISK PERCEPTION AND THE RISK OF CANCER

Others have observed that risk perception and
cancer worry may influence the decision to
undergo surgery.23–26 Similar observations were
made in the present study, for with one excep-
tion, all of the women in the surgery group
reported experiencing a great deal of anxiety
about their ovarian cancer risk before the
removal of their ovaries. Eight women said they
had previously viewed their risk in absolute
terms and had undergone oophorectomy
because they had believed that they would
definitely develop ovarian cancer in the future.
(To maintain the participants’ confidentiality
all the names used in this paper are self-chosen
pseudonyms.)

Julie: “My own personal reason was, I had
the operation because I didn’t want to die.
That’s how I looked at it. And I was really,
really concerned that because of the history
that we’ve got, that I would get ovarian cancer,
even though I was being screened regularly . . .
And I would honestly say that I was so
concerned that I would get the cancer. . . .. I
thought, no, I’ve got to have it done. I don’t
want to die. That’s how I ended up. I don’t
want to die. I thought, I’m not going to die, I’m
going to have this operation no matter what.”

Ten women claimed to have viewed their risk
probabilistically, and said they used to think of
themselves as having a higher risk of developing
cancer than other women because of their fam-
ily history. Seventeen women reported that
their fear of developing cancer had been an
influential factor in the decision to undergo
surgery, and all the women in the surgery
group reported feeling an overwhelming sense
of relief following oophorectomy. They said
they no longer perceived themselves to be at
risk and no longer felt afraid or worried about
developing ovarian cancer.

Sue: “Certainly the worry taken away is
worth everything else because ... it was a big
worry especially since my sister died. I mean
when it was just my mum it was one of them
things, then it was my aunties . . .and then when
it starts on your sister you think... that worry
taken away just made such a diVerence.”

Five women in the screening group per-
ceived their risk in absolute terms and were
convinced they would develop ovarian cancer
in the future (three of these planned to undergo
prophylactic surgery), while 16 women said
they perceived themselves as at increased risk

compared with the general population. Four-
teen women said they needed more infor-
mation about their risk of developing ovarian
cancer before they would seriously consider
prophylactic surgery. More specifically, they
suggested that confirmation of their mutation
status would help them to make a decision
about surgery, as Nicola said: “If I knew that I
had the defective gene I would have surgery
without a doubt.” This contrasts with women
in the surgery group, who, with one exception,
had undergone surgery without verification of
their mutation status. However, it must be
noted that in many cases this option was not
available at that time.

Other women in the screening group indi-
cated that, even if they were confirmed as
mutation carriers, they would not proceed with
surgery on the basis of increased cancer risk
alone.

Carol: “It’s like sort of - I don’t know, cutting
your arm oV for a scratch on your finger . . .
even if they identify me as having the gene, they
say you may or may not get cancer from it. You
may still not get cancer from it all your life. I
just think it just seems - to cut out healthy
organs as a preventative measure seems drastic,
unless you’ve got one hell of a case for doing
that.”

Susan: “On - on the whole - you know? I
mean you can have the test, you can have the
gene, but you still might not get the cancer. You
might not have the gene, and you could still get
cancer. Um... you know? So the - I mean I
don’t know. Obviously they’re not going to
know how many people who’ve got the gene go
on to develop the cancer, are they?”

Some women in the screening group also
expressed scepticism about the eYcacy of pro-
phylactic surgery in containing/lessening the
risk of ovarian cancer. They reported receiving
confusing messages either from their doctors or
the media about whether surgery would
prevent cancer occurring.

Katrina: “Well, nobody seems to know really
if it [surgery] is beneficial or not. I get sort of
not conclusive answers, really. It’s almost as if,
um, well, give it a try. We think it may be ben-
eficial. And some consultants do it, some don’t.
And it’s this conflict of opinion that - it
confuses you really . . .. I think if I conclusively
knew that there was a big reduction in the risk,
I would probably opt for it. But as it’s still up in
the air at the moment, I’m just going to stick
with screening for the moment.”

Moreover, 10 women said they did not
perceive surgery as a viable option because of
the residual risk of developing peritoneal
cancers.

Carol: “If they could say, you’ve inherited the
gene - but they can’t tell me that either. It’s a
gamble, I know. And my sister was told at X by
the consultant there, even having your ovaries
removed wouldn’t really make the risk -
because there’s still ovarian cells in the rest of
your body from um when you’re in the embryo
stage. Apparently there’s ovarian cells still in
your body that could turn cancerous. Just a
very, very remote chance, but there is a
chance.”
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Some of these women were uncertain about
where these cancers might develop and worried
that they might be potentially “less detectable”
with screening.

Sarah: “Oh, one of the things I would worry
about is the risk of this little bit of ovary being
left behind, and if that did happen - she said,
oh, it was very, very minimal, but if that did
happen, and some cancer started growing
there, where would it start growing next? What
sort of direction? Like I say, they may not know,
but where would it go? So what - if it started
growing on another organ, what would the
consequences of that be?”

As far as some women in the screening group
were concerned, it was important to keep their
ovaries because they constituted a target organ
for cancer to develop in/on. Indeed, because
these women believed in the eYcacy of ovarian
screening, they felt their risk of cancer would
be better managed, at least for the present, by
keeping their ovaries and having them moni-
tored.

In contrast, only one woman in the surgery
group reported that she was aware of the risk of
peritoneal carcinomas following surgery, while
another recalled being told that her risk of
breast cancer was increased because she had
undergone ovarian surgery. With these excep-
tions, there was no evidence that women in the
surgery group had taken the residual risk of
developing peritoneal cancer into account
when making their decisions. This line of ques-
tioning was not pursued during the interview
for ethical reasons.

Finally, two women in the screening group
said that they would like more information
about the symptoms of ovarian cancer and the
eYcacy of screening, particularly the prognosis
of cancers detected during screening.

Vicky: “I mean I think, you know, the impli-
cations of if you do get it, how quickly it - and
how deadly it is, actually. It’s pretty horrible,
isn’t it?”

(2) WITNESSING A RELATIVE’S EXPERIENCE OF

OVARIAN CANCER

Cancer risk management decisions were fre-
quently described as influenced by people’s
former experiences of ovarian cancer, particu-
larly nursing a dying relative. Many women
talked at great length and very emotionally
about their mother’s or sister’s illness. Indeed,
many of those in the surgery group said that the
death of their mother or sister or a relative in
their generation (for example, a cousin) had
been the one of the most influential factors in
their decision to have their ovaries removed.

Linda: “I suppose I might have been luckier
than some, with actually having seen a lot of
what goes on, with my mother, as well. I’m -
you know? - I’m aware of what happened.
Some people don’t ever see that. They don’t
ever see that side, you see. So um when I saw
that, then that’s another fact that made me you
know, that helped towards me making my mind
up.”

Pam: “No, I think knowing that - how my
mum looked, and what she suVered, or what
she must have suVered, I thought, there’s no

way I’m going to do that. I mean the poor lady,
I mean they drained 19 litres of fluid oV of her,
and it still came back. She was like a beached
whale. And I thought, how can anybody suVer
like that? And how long had this been going on?
And they say it’s one of the fast-growing ones,
because it’s hormonal. And I thought, well,
there’s no way. Because I wouldn’t want my
children to see me go through that agony.”

Similarly, some women in the screening
group acknowledged that their past experi-
ences with ovarian cancer were an important
influence on both their risk perception and
attitudes about future cancer risk manage-
ment.

Mary: “I think the biggest influence for me is
seeing personally at first hand people dying of
it. There’s no doubt that that brings it home to
you, and I’d prefer not to go down that
route . . . I mean I don’t want to end up in the
pitiful state that my mother was in. I’ve seen
that, and I remember her suVering. I can see
her crawling across the floor on her hands and
knees, because she was in so much pain. And
after seeing something like that, if hysterectomy
is the answer, then I’ll go for it. . . . I think it
might be a harder decision for somebody to
make who hasn’t seen anybody with the illness,
who’s never come into contact with cancer of
any form, because it’s the nasty word, people
don’t - well, they talk about it more than they
used to, but a lot of people don’t come into
contact with it. And having seen people with it,
and just what it does to them, and the family
round them, I don’t want to go - I’ve no inten-
tion of going through that, if I can help it. So if
they said, you’ve got to have your right arm oV
at the same time, I’d do it. I’d do it.”

While others were aware that their lack of
first hand experiences of others’ suVering had
influenced their risk perception and attitudes
about prophylactic surgery, they felt at less risk
and were less inclined to opt for this risk man-
agement option.

Susan: “I think they’ve [cousins] got a very
negative - I mean obviously it’s hard for them,
because they - I don’t know, I think their
mother died possibly, or, um - whereas, you
know, my mum’s still alive. I suppose if she had
died, I would perhaps feel diVerently. But I do
think they put across a negative attitude, that if
you’ve got this gene, you’re going to get it and
you’re going to die unless you - you know,
unless you take this drastic - have this drastic
surgery . . . Unless I had a cancer, I don’t think
I would take it as a preventative medicine,
because you have to keep cutting bits out, you
know. That’s how I feel. But um, you know,
obviously I haven’t had - I haven’t seen some-
body die from it.”

The importance of witnessing a relative’s
experience of ovarian cancer may account for
the fact that 87% of the women who had
undergone surgery had first degree relatives
who had died from ovarian cancer, compared
with only 41% of women in the screening
group. Indeed, the women in the surgery
group, and those currently considering surgery
in the screening group, also reported experi-
encing high levels of anxiety about developing
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ovarian cancer before surgery, which many
acknowledged had been explicitly influenced
by their experiences of cancer in the family.
This observation suggests that those who have
not witnessed ovarian cancer in a close relative,
for example, women with a paternal family his-
tory, may be less inclined to opt for surgical risk
management. There was some evidence of this
in the present study, as the screening group
contained a larger proportion (19%) of women
with a paternal history than the surgery group
(4%).

(3) FAMILY OBLIGATIONS

As has been noted elsewhere, high risk women
frequently describe themselves as having an
obligation to their family to manage their can-
cer risks.30 Similarly, in this study, none of the
women in the surgery group described their
decision to undergo surgery as a decision they
made just for themselves; indeed, nearly all the
women said that they had a responsibility to
their family to prevent ovarian cancer occur-
ring. They described themselves as having had
a responsibility to undergo surgery to ensure
they remained healthy so that they could raise
their family.

I: “What was the most important reason for
you having the operation?”

Linda: “My son, my husband, I think deep
down, my son more than anything... I wanted
to be around for him you know I didn’t want
like my mum lost her mum at age 10 and my
sister was 19 no 20 something... but I wanted
my son to have me here as long as possible, and
to be around for him and my husband... having
said that if I’d been on my own I would still
have probably gone ahead with the operation
because I want to live.”

As noted above, they also saw themselves as
under an obligation to prevent their family
from seeing them suVer or having to care for
them as they had cared for their relatives.

Victoria: “I mean I knew I had to. Once the
[mutation] test was positive, I knew I had to
have it [surgery], because of the chances. But I
never felt that I would actually get it. I couldn’t
take that chance, and my husband didn’t want
me to. And if it did happen, I didn’t want my
children to suVer how I suVered with my mum
and even more so with my sister . . . If I’d been
on, a single person on my own, I might not
have. I don’t know. I just didn’t want my
children to go through what I’d been through
with my sister and with my mother.”

Familial obligations also influenced deci-
sions about the timing of surgery. All the
women acknowledged that social support dur-
ing convalescence was important. Some in the
surgery group had postponed surgery until the
summer holidays so their children could help
out, others timed their admission to hospital so
that their in laws or partners could look after
the children. For one woman with very young
children, the option of surgery only became a
possibility once she found out that she was
entitled to a home help supplied by social serv-
ices.

However, familial obligations not only influ-
enced decisions to accept surgery, but also to

reject it. Seven women in the screening group
said their decision to continue screening, rather
than undergo surgery, was aVected by the long
period of convalescence needed following
surgery, and the eVect that it would have on
their ability to provide practical and economic
support for their family.

Katrina: “I’d want to know the recovery
time, and the time out I’d have to take from
work, which is very important for me because
I’m a single parent now, so I haven’t got a hus-
band ready to take over. Which also is a
personal reason for me not opting for it. . . .I
mean it’s social reasons are one of the reasons
why not, as far as I’m concerned. If I was mar-
ried and had a husband at home earning a
wage, I could quite possibly consider it. But as
I’m the only - you know? - wage earner and
stuV like that, I have to consider that as well. I
suppose we could live on [unclear] for six
months [unclear, laughter].”

Others rejected the idea of prophylactic sur-
gery on the grounds that their admission to
hospital would potentially cause emotional
upset within the family. In particular, the
women who had previously undergone thera-
peutic surgery for breast cancer talked about
the eVect of their cancer treatment upon family
dynamics, and were very keen to avoid causing
their family any further anxiety by seeing them
hospitalised again.

I: “Are there any other reasons that put you
oV having surgery?”

Barbara: “No, nothing else. It’s just that I just
don’t want to go through all that again. Really
don’t want to go through it again. It was just
traumatic last time. Not the actual surgery as
such, but the trauma thing of leaving here to go
and have it done. You can imagine, leaving your
children and thinking, oh, I’ve got to go back in
there again. Oh, I can’t go through that. And I
keep thinking, you know, I keep thinking I’d be
really unlucky to get breast cancer and ovarian
cancer. You know? But I’m prepared to take the
chance.”

(2) OVARIAN FUNCTION: FERTILITY AND

MENOPAUSE

All the women knew that ovaries have a repro-
ductive function and infertility following
oophorectomy was seen as a major influence on
risk management decisions. All those in the
surgery group said they had taken this into
account when making the decision. In most
cases when their doctor first mentioned
surgery, they had already completed their
families. However, two women said they had
postponed the operation for a few years
because they were not sure about having more
children.

Nine women in the screening group also
described their decision to continue screening
as specifically influenced by the need to main-
tain their fertility for the present, although one
woman said that if surgery were necessary she
would consider adoption.

I: “What do you think would happen to
women who had their ovaries out at 26?”

Abby: “I just think they’d be extremely
depressed. Definitely. The thought of you not
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being able to choose to have any more children
yourself - I don’t - I didn’t then, I didn’t want
that decision taken away from me. That was my
decision, nobody else’s, and I didn’t want that
taken away from me.”

Sandra: “But all the time I’m 37 and under
forty especially and I’ve only got the one child,
that is the reason, because it would take all my
options away, and er you just don’t know. That
is the main reason. It would completely take my
options away.”

Six women in the screening group and five in
the surgery group were not aware of the
hormonal functions of the ovaries at the time of
the interview or before their operation, respec-
tively. These women said they did not know, or
had not known, that the removal of their
ovaries would result in immediate menopause
or that they would need hormone replacement
therapy (HRT) after surgery. The remaining
women in the surgery group said they had been
aware they would be menopausal following the
operation, and some said they had been
worried about the eVects of menopause before
surgery.

Julie: “And I had visions of me having hairy
legs and beard and broken bones and - you
know, like an old person.”

On the other-hand, 14 of these women said
they had been unaware of the specific meno-
pausal symptoms that they could, or did,
experience postoperatively.

Fifteen women in the screening group said
their attitudes to prophylactic surgery were
influenced by their concerns about the physical
and psychological sequelae of surgical meno-
pause.

Emma: “I suppose I think in a way, er, the
eVects, hormonal eVects, on your body.”

I: “I mean what sort of - apart from the
bones [laughter] what other eVects do you
think there would be? What side eVects?”

Emma: “I suppose being less feminine. I
don’t know if that’s a mental thing as well.”

I: “Yes. And what do you sort of mean? In
what sort of a way?”

Emma: “Um... I don’t know. I suppose you
think of like growing facial hair, and - I don’t
know, perhaps does it alter your figure or - you
know? Do you start losing your hair? You
know? It’s that kind of a thing, I suppose.”

Four women in the screening group, who
were aware of other potential health risks asso-
ciated with a surgical menopause (for example,
the increased risks of osteoporosis and cardio-
vascular disease) said they would like more
information about the most appropriate age to
undergo ovarian surgery.

Jenny: “But it’s being in the limbo and not
knowing when’s the appropriate age to have it
done.”

Although 17 women in the surgery group
recalled being told that they would have to take
HRT following surgery, many said this was the
only information they received. Most reported
that they had felt less anxious about the meno-
pausal side eVects of oophorectomy when they
were told, before their operation, that they

could take HRT, although one women de-
scribed how she had worried that the HRT
might make her more emotionally labile.

Eve: “I know one of the things I did say to
him [gynaecologist] about HRT was I didn’t
want it to make me a Jeckyll and Hyde charac-
ter, because even with my periods before hand
I was very very even, I didn’t peak and trough
through the month um .. and I didn’t want
that.”

The data suggest that women want and need
much more information about HRT both
before and after surgery. Seven women in the
screening group expressed concerns about the
history of breast cancer in their family and had
interpreted press coverage of breast cancer and
HRT as meaning they would be unable to take
HRT following an operation. Women in the
surgery group voiced similar concerns. They
said that they worried about HRT increasing
their risk of breast cancer and had received
conflicting information from their doctors
and/or the media. The most frequent types of
questions about HRT asked by women in both
groups were summarised by Jenny as follows.

“I’m going to need HRT. Can I get away
without HRT? How am I going to increase my
personal risk of CA breast if I go on HRT, given
the family history? There’s a new hormone-free
HRT. Is that going to be banned before I can
get my hands on it? Er, and what’s the
minimum-maximum period that I would stay
on the HRT?”

(5) FEAR OF SURGICAL PROCEDURES

Seven women in the surgery group said that the
decision to undergo surgery had been influ-
enced by their fear of surgical procedures in
general. In every case their anxiety about surgi-
cal procedures had meant that they had
postponed making the decision for a few
months.

Sue: “It never - it - apart from the surgery
itself, which I was terrified of, actually having
your ovaries taken away never, never bothered
me . . .I’m so frightened of hospitals...I wanted
one [oophorectomy], out of fear, but I didn’t
want one out of fear of hospitals! [laughs]”

Fear of surgery similarly influenced the risk
management choices of some of the women in
the screening group. Eight women said their
decision to continue ovarian screening was
influenced by their fear of surgical procedures
in general, for example, anaesthesia, pain, and
postoperative complications.

Jane: “Surgery is a bit sort of frightening.”
I: “What sort of things frighten you about

surgery?”
Jane: “Well it is just the thought of them cut-

ting you up, and if anything went wrong, and
you didn’t wake up again . . ..”

Janet: “And I’m also concerned with keyhole
surgery...I’ve had laparoscopies, and I know it
moves things around, because they blow your
stomach up and things don’t go back in the
right place.”

The women who had previously undergone
surgery for breast cancer also talked about their
fear of surgical procedures. They were less
likely to want to undergo further surgery for
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prophylactic reasons, even if DNA testing
showed they carried a mutation.

Barbara: “He [consultant gynaecologist]
said, ‘I strongly suggest you have them out’.
And I thought about it and I thought, I just
don’t want another operation. So I opted for
the screening as opposed to the operation. And
he did explain that the screening isn’t one hun-
dred per cent. But that’s a chance I’ll take. . . .
quite honestly I don’t want another operation.
I am so scared of going under, and thinking,
will I wake up again? You know? I just - being
in hospital again, with all that business of the
having the things aspirated, . . . Oh, no thanks.
No, I’ll take the chance.”

Discussion
The present study used qualitative methods to
determine the factors that influence high risk
premenopausal women’s decisions about pro-
phylactic ovarian surgery. As others have
noted, surgical decision making involves the
weighing up of both positive and negative
expectancies concerning the outcome of sur-
gery.31 In the present study, this involved
women balancing the gains of risk reduction,
the relief of anxiety, and fulfilling one’s familial
obligations to remain healthy against the
potential costs of surgery, such as infertility and
the onset of menopause, the continuing risk of
developing what is perceived as a “less detect-
able” peritoneal carcinoma, and one’s inability
to care for the family during convalescence.
While it is diYcult to draw firm conclusions
from this study, because of the small number of
women involved, the data raise some interest-
ing questions for further research.

The interviews showed that decision making
about cancer risk management is a complex
process, involving the consideration of both
individual and social factors, individual per-
ceptions of cancer risk and the recognition of
the eVects of undergoing surgery upon the
family. Furthermore, surgical decision making
emerged as a dynamic process, as shown by the
fact that none of the women in the screening
group had absolutely ruled out the possibility
of prophylactic surgery at some future date. All
the women who were currently undergoing
ovarian screening acknowledged that they
could change their minds about surgery, if their
circumstances changed. This observation
suggests that to divide these women into two
distinct groups is to make a somewhat artificial
distinction. However, as has been shown above,
subtle diVerences were also apparent between
the responses of the two groups.

As a recent study of decision making about
prophylactic mastectomy has shown, risk
perception and attitudes to breast cancer risk
management appear to be aVected by previous
experiences of cancer in the family.24 The
present study similarly found that the experi-
ence of witnessing ovarian cancer in a close
relative was a very influential factor in surgical
decision making. Many women in the surgery
group reported experiencing high levels of
anxiety about developing ovarian cancer before
surgery, which most acknowledged had been
influenced by their experiences of cancer in the

family; similarly, some in the screening group
hypothesised that they were less anxious
because they had not had this experience. This
observation may explain the recent finding that
the consideration of prophylactic oophorec-
tomy is positively associated with subjective
risk perception and cancer worry rather than
objective risk estimates.26 Indeed, the fact that a
larger proportion of women in the surgery
group had witnessed the death of a close
relative from ovarian cancer may explain the
fact that more women in the surgery group
expressed the view that their risk of cancer was
absolute than those in the screening group.

It was suggested that women who have a
paternal family history of these cancers, and
are therefore less likely to have witnessed ovar-
ian cancer in a close relative, may be less
inclined to opt for surgical risk management.
However, research suggests that women with a
paternal family history may opt for screening
rather than surgery for other reasons. A recent
study of at risk women and breast cancer
patients indicates that they regard men as less
likely to pass on the genetic mutation for breast
cancer susceptibility than women.32 Thus, it is
possible that women with a paternal history
consider themselves to be at less risk of
carrying a mutation and developing ovarian
cancer than those with a maternal history,
which indeed they are if they do not have an
aVected first degree relative. While there were
not enough women in this sample with a pater-
nal family history to substantiate these claims,
what must be noted is that of the four women
in the screening group with a paternal history,
who had a 25% risk of inheriting a mutation,
only one had attended genetic counselling and
received this information. These observations
suggest that there is a need for research that
specifically focuses upon the attitudes and risk
management practices of women who have a
paternal family history of breast/ovarian can-
cer.

One of the main diVerences between the
groups’ responses was the importance they
placed upon establishing their mutation status
before prophylactic surgery. It was observed
that many of those currently undergoing
screening said they would consider surgery if
they were confirmed as a mutation carrier, in
contrast to the majority of women in the
surgery group who had undergone surgery
without previous confirmation of their muta-
tion status. This diVerence may be explained
by the fact that most women in the surgery
group had not been oVered mutation testing
before surgery; indeed, in some cases this was
not an available option as the gene had not
been identified at the time they were making
the decision to undergo surgery. Given these
observations, it can be argued that the
responses of women in the screening group
may provide a more accurate picture of the
influence of mutation testing on surgical deci-
sions. Indeed, the responses of the screening
group concur with the findings of recent
research which suggest that many women
undergo BRCA1/2 testing to facilitate decisions
about prophylactic surgery.33 34 Thus, it can be
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hypothesised that as the availability of mutation
testing increases, we may see more women
postponing prophylactic surgery until they
have received information about their mutation
status.19 Clearly, there is scope for a prospective
study that looks at the impact of mutation test-
ing on risk management decision making.

Similarly, between group diVerences were
observed with regard to women’s attitudes
about the risks of peritoneal carcinomas. A
large proportion of the screening group said
that these risks had influenced their decision to
reject surgery, whereas only one woman in the
surgery group specifically mentioned these
risks. As was noted above, it was thought
unethical to pursue this topic with women who
had already undergone surgery, on the grounds
that if they were unaware of this risk, then pro-
viding them with this information could cause
them anxiety. Therefore, as there is no evidence
that the women in the surgery group had been
told of this risk before surgery, it is impossible
to say whether the risk of peritoneal cancer had
any eVect upon their decisions. However, the
responses of the screening group suggest that
providing women with this information does
influence their risk management decisions.
What was apparent from these women’s
responses was that the smaller risk of a less
detectable cancer developing following surgery
was seen as a negative outcome of oophorec-
tomy and this, when combined with other per-
ceived costs of surgery, was used as a justifica-
tion for rejecting the surgical option for the
present.

Finally, this study can be seen as having
implications for clinical practice. It suggests
that if medical professionals are to facilitate
women’s decisions about their cancer risk
management, then they need to ensure that
they receive clear information about the risk
reducing benefits of prophylactic oophorec-
tomy and the potential physical and emotional
consequences of undergoing gynaecological
surgery. Furthermore, medical professionals
need to take into account the weight given to
familial responsibilities in the decision making
process. In addition to providing emotional
care, women also provide practical care for
their families and, particularly in families
where they are the main or only wage earner,
surgery may not be perceived as a practical risk
management option. Medical professionals
need to be aware of these practical and/or eco-
nomic constraints on women’s cancer risk
management choices and, if appropriate, pro-
vide information about agencies that can
provide support.

In conclusion, it must be noted that the
information needs of high risk women who
consider prophylactic mastectomy are well
provided for; in many centres within the UK
they have access to breast care nurses and/or
high risk women who have undergone prophy-
lactic surgery. At present, similar support does
not appear to be available for those undergoing
prophylactic gynaecological surgery. This
study suggests that an information and support

network should be put in place for premeno-
pausal women who are considering prophylac-
tic oophorectomy. This could either involve the
establishment of self-help groups in regional
centres, the provision of gynaecological nurses,
pre- and post-surgery, or, at the very least, pro-
viding women with written information about
prophylactic ovarian surgery and its potential
after eVects.35
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Oncology nurse training in cancer genetics

Clara GaV, Kristiina Aittomäki, Robert Williamson

EDITOR—The rapid increase in understanding
of cancer genetics in recent years means that few
oncology nurses have suYcient knowledge to
address the issues of patients concerned about
inherited predisposition to cancer.1–3 While
some nursing curricula have recently incorpo-
rated cancer genetics, this does not assist the
large body of oncology nurses already in
practice. The need for an educational pro-
gramme in cancer genetics was highlighted
locally by a focus group of senior level nurses
and social workers practising in oncology
(unpublished data). All felt inadequately
equipped to deal with enquiries regarding family
history and cancer risk from patients and staV.
Nobody in the focus group was aware of the
Australian protocols for referral to familial can-
cer clinics within their employing organisations
and family history was not routinely collected.

The Australian guidelines categorise families
according to their level of cancer risk (“high”,
“moderate”, or “low”) based on family history
and/or the presence of a germline mutation
known to predispose to cancer.4 In Australia,
multidisciplinary Familial Cancer Centres pro-
vide genetic counselling, genetic testing, and
risk management advice to those families
judged to be at “high risk”.

Those categorised at low or moderate inher-
ited risk of cancer may also benefit from
informed counselling but may not meet the cri-
teria for referral to the Familial Cancer Centres.
As cancers are common, a significant number of
people in the community with a family history of
cancer will be in these categories. Many will not
have a single gene mutation, but are at
somewhat increased risk of developing cancer

and require surveillance advice.5–7 The person’s
perception of this risk may not reflect reality.
People at moderate risk for breast cancer often
overestimate their level of risk.8–10 After receiving
counselling and a personal risk estimate, most
report feeling less worried and their perception
of risk is more accurate.8 These issues may be
addressed by services focusing predominantly
on surveillance and management issues rather
than inheritance.

The Australian model requires relevant
health professionals to incorporate family
history assessment into their practice. Oncol-
ogy nurses are in an ideal situation to
distinguish families at high risk from those who
are concerned about their personal inherited
risk but are in a low or moderate risk category.
Ongoing involvement with patients and their
families during the course of the treatment,
post-diagnosis support, and palliative care
leads to a trusting relationship between the
patient and nurse and consequently the oppor-
tunity to discuss referral of family members.
Some oncology nurses see genetics as an
important facet of nursing practice11 12 and a
role for oncology nurses in family history
collection and assessment has been pro-
posed.11 13 14

Cancer genetics requires a shift in focus from
the traditional nursing role. Oncology nurses
have a patient centred approach and well
developed skills with respect to care of the
patient; genetics requires the consideration of
the whole family. Not only is information about
the extended family required for assessment,
but information given to patients may be
directly relevant to, or impact on, other family
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members. Consequently, issues of confiden-
tiality, disclosure, and autonomy are complex,
and discussion needs to be based upon sound
genetic knowledge and principles.

We developed a 16 week (60 hour) course
entitled “Cancer Genetics Resource training
course” designed to enable oncology nurses to
assess a person’s category of inherited cancer
risk, facilitate appropriate referral, and identify
psychosocial issues.

Course development
The philosophical basis of the course was that
dissemination of information and development
of skills throughout the health sector would
increase accessibility of appropriate services to
families. Specifically, educating health profes-
sionals about cancer genetics will assist in
identification of high risk families and facilitate
risk management of those in the low and mod-
erate risk categories. The graduates will be able
to assess a family’s inherited risk category,
facilitate referral to the relevant services,
explore expectations of services, and provide
brief counselling for issues such as anxiety
and/or grief which may serve as a barrier to
acceptance of a referral by the family members.

The course syllabus was developed based on
feedback from a focus group comprising
oncology nurses and in conjunction with the
Anti-Cancer Council of Victoria. It was publi-
cised through the local Oncology Nurses Soci-
ety, major hospital oncology day centres, and
focus group participants. The number of
participants was limited to allow eVective
counselling skills training. Participants were all
working in oncology and able to apply the
course content in their work. After interview,
10 were accepted from various areas of oncol-
ogy (education (1), palliative care (1), breast
care support (2), cancer help line (2), research/
registry (1), wards (3)). Six participants were
subsidised by their employing hospital, indicat-
ing institutional support and recognition of the
course.

Syllabus
Our experience in running workshops in
cancer genetics emphasised a diversity of
experience and a lack of familiarity with basic

genetic concepts. Consequently, participants in
the Cancer Genetics Resource training course
were expected to complete a basic genetics
workshop (12 hours) at the beginning of the
course to ensure all had suYcient understand-
ing of key genetic terms and concepts, includ-
ing ethical issues.

In developing the core syllabus, we focused
on skills that nurses could incorporate into
their work. Graduates of the course would
undertake counselling low and moderate risk
families regarding their inherited risk and refer
high risk families for specialised counselling.
Detailed information about specific cancer
predisposition genes, such as the mismatch
repair genes, was therefore considered less
important than a general understanding of the
role of genes in cancer predisposition.

A syllabus was structured in three modules:
Counselling Skills (six sessions), Science and
Genetics of Cancer (six sessions), and Practice
and Perspective (four sessions). Each session
was of three hours’ duration.

COUNSELLING SKILLS

The ability to explore issues underlying a
person’s concern about their history is essential
in determining the services best able to meet a
family’s information and psychosocial needs.
Questions by family members are often trig-
gered by a recent critical event (for example,
diagnosis, death, or an anniversary) and the
emotions engendered by these events may
aVect the family member’s acceptance of
appropriate services.

Areas covered are outlined in table 1. Skills
and issues were explored through discussion
and role play. The nurses felt comfortable with
the “task based” approach necessitated by their
usual work and showed a desire to “fix it”. The
ability to live with uncertainty, necessary in so
many areas of genetics, created problems for
participants and was explored further in
tutorials by a psychologist with extensive
experience in education and supervision.

CANCER: SCIENCE AND GENETICS

This module was designed to enable partici-
pants to elicit and distinguish information rel-
evant to family history assessment, to establish
the inherited risk category, and identify people
whose surveillance was insuYcient. The course
outline is presented in table 2. The majority of
the tutorials focused on risk assessment for the
common cancers (breast, bowel, gynaecologi-
cal, and melanoma). Each was divided into two
parts, the first being an overview covering inci-
dence, benign and malignant conditions, inher-
ited conditions, and surveillance. The second
part was skill based, with participants assessing
case studies. The tutorials relating to funda-
mental principles of cancer genetics were
designed to provide participants with suYcient
information to correct common misconcep-
tions, but not to provide detailed genetic infor-
mation to a patient. Tutors were medical
specialists in the field associated with Familial
Cancer Clinics. This had the additional benefit
of increasing the familiarity and accessibility of
participants to key practitioners in the area.

Table 1 Syllabus and learning goals for “Counselling” module

Topic

Time
allocated
(h)* Learning goals

Revision of
counselling skills 5 Review the skills of attending, listening, empathy, probing

Practise these skills and developing rapport

Self-awareness 4 To understand the need for self-awareness in counselling
To practise monitoring one’s owns feelings and responses
To understand “parallel process”

Crisis 4 To understand the nature and stages of crisis
To be aware of the physical and emotional reactions to crisis
To develop and practise counselling skills in relation to crisis

Grief 4 To review grief responses
To be aware of the impact of grief over time
To practise counselling skills in relation to grief

Psychiatric illness 1 To be aware of potential psychiatric presentations
To be aware of appropriate referrals

*Time allocations are somewhat arbitrary as there was overlap between all topics.
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PRACTICE AND PERSPECTIVE

This focused on incorporation of the previous
modules into routine work (table 3), including
discussion about the participants’ individual
workplace situations and challenges. Three
common themes emerged. The participants had
particular concerns about (1) raising the issue of
familial cancer with people who were at high risk
but had not indicated any interest in their
genetic status, (2) raising the issue of referral
with the clinician responsible for care, and (3)
the potential increase in workload and need to
document the work performed in this area.

Assessment of participants
A criterion referenced approach to assessment
was adopted.15 Participants were expected to
show the required level of competency by com-
pleting set assessment tasks. If the necessary
standard was not achieved, further study was
required and competence reassessed until
proven.

In the Cancer Genetic Resource course, the
ability to determine inherited risk category
accurately and competency in deciding the
appropriate course of action were assessed.
Three assessment strategies were used. The
tutor for the counselling module evaluated the

involvement and ability shown by the partici-
pants during the counselling tutorials. The
other modules were assessed by a written
examination comprising case studies, family
history assessment, and construction of an
accurate family tree. This examination was
open book, as participants would be expected
to access relevant information and resources in
their own workplaces rather than rely on
memorised information. Each participant was
informed of areas of weakness identified by the
examination and was then expected to show
suYcient skill in that area. Finally, all partici-
pants conducted an “in service” training
session at their workplace to educate their col-
leagues about application of their skills.

Evaluation of the Cancer Genetic
Resource course
The course was evaluated by the students at the
conclusion of each module, at the conclusion of
the course, and six months after completion.
The participants evaluated a number of param-
eters, including module content, teaching qual-
ity, applicability, expectations fulfilled, and prac-
tice of skills. Some parameters were assessed by
open questions, but the majority were assessed
by Likert scales. Those scores assessed by Likert

Table 2 Syllabus and learning goals for “Cancer: Science and Genetics” module

Topic

Time
allocated
(h) Learning goals

Epidemiology of cancer and risk factors 1 Understanding of the population risk of cancer
Appreciation of the risk factors for common cancers
Awareness that the incidence of a cancer can fluctuate
Awareness that diVerent countries and racial backgrounds have diVerent

cancer risks

Cancer genes and genetic testing 5 Understanding of the two hit model (revision)
Ability to distinguish tests that indicate a genetic predisposition from those

that detect gene mutations (eg, microsatellite instability testing)
Understanding of the practicalities of gene testing
Understanding of “normal” and “abnormal” gene test results
Awareness of rare familial cancer syndromes

Breast cancer 3 







Knowledge of the population incidence
Gynaecological and prostate cancer 3 Recognition of risk factors
Colorectal cancer 3 Knowledge of risk prevention measures
Skin cancer and melanoma 3 Recognition of insuYcient surveillance for a person’s risk category

Ability to ask appropriate questions to elicit relevant family history
Recognition of medical events that are relevant to assessment of the family history
Assessment of the inherited risk category of a family (low, moderate, high)
Knowledge of cancer predisposition genes

Table 3 Syllabus and learning goals for “Practice and Perspective” module

Topic

Time
allocated
(h) Learning goals

Family history collection 3 Knowledge of the information required to collate a family tree
Collection of a clear, informative, and accurate family tree
Awareness that family history is evolving
Appreciation of the cultural and social factors that aVect collection of information
Understanding of issues of ethics and confidentiality
Awareness of verification and consent

Referral process 3 Understanding of Familial Cancer Clinic function
Ability to arrange a referral to a Familial Cancer Clinic locally and interstate
Ability to arrange a referral of a low or moderate risk person to appropriate services
Some knowledge of the community resources available to families
Some knowledge of current familial cancer research projects occurring locally

Incorporating cancer genetics 3 Improve and consolidate skills through role plays
Appreciation of the influence of “family myths” on understanding of genetics
Development of a plan for implementing cancer genetic skills into work practice
Awareness of work place issues and boundaries

Review and assessment task 3
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scales (1-5, with 5 being the highest rating) were
averaged for each module separately.

The Counselling Module scored 4.5 (range
3.8-4.7), the Cancer: Science and Genetics
Module scored 4.2 (range 3.9-5), and the
Practice and Perspective module rated 4.4
(range 3.7-4.7). In particular, the teaching style
rated highly for all units and tutorials were
considered stimulating.

Overall satisfaction was high both immedi-
ately after the course and six months after
completion, with participants indicating that
the course overall was useful (fig 1A) and each
module relevant to their work (fig 1B). Many
participants felt before the course that their
counselling skills were suYcient, but reported
gaining additional skills during the course.
Most commonly these were listening skills,
self-awareness, and dealing with their own “fix
it” mentality. The assessment of risk category
and construction of family trees were regarded
as the most helpful skills learnt overall and the
participants commented on the supportive
learning environment.

To assess the eVectiveness of the Cancer
Genetics Resource Course as a whole, the
graduates were asked about their work practice
six months after completion of the course.
Nine of the graduates had patient contact in
oncology and all had been asked about family
history by patients or raised the issue of cancer
genetics with patients. Three always asked
patients about their family history, three asked
only if the patient mentioned other aVected
relatives or asked directly, and three asked if
time and the patient relationship permitted. All
graduates reported receiving questions from
other staV and applying the skills learnt. All
had either facilitated a referral (6/9) to a famil-
ial cancer service or suggested to medical staV
that a referral may be appropriate (6/9),
compared with 11% (1/9) before the course.

A questionnaire was completed by supervi-
sors six months after the course ended. One
person had changed jobs during the six month
period. Of the remaining nine, eight supervi-
sors indicated that the graduates had incorpo-
rated new skills in their work and would
recommend the course to other nurses. The
remaining one had not observed any change,
although the participant herself felt that she
had been able to apply her new skills.

Future directions
The success of the course in meeting its aims
was indicated by (1) the accuracy of the
participants’ family history assessment, (2) the
sixfold increase in the number of participants
facilitating referral, and (3) the assessment by
participants and supervisors of the applicability
of the skills learnt. We conclude that complet-
ing a skills based course improves assessment
and appropriate referral of those who may be at
risk of familial cancer.

Further evaluation is required to assess the
extent to which learned skills have been applied
and the eVectiveness and appropriateness of
counselling provided by the graduates. The
possibility of holding a full time, intensive, two
week course, enabling easier access for non-
metropolitan nurses, has been considered. This
benefit needs to be weighed against the reduced
opportunities for the nurses to apply skills and
reflect on their practice between tutorials.

Our course focuses on recognising and meet-
ing the needs of families at low and moderate
risk, which constitute the majority of patients
and families encountered by oncology nurses. In
contrast many training programmes appear to
focus on high risk families.16 Diverse roles for
oncology nurses in cancer genetics have been
proposed11 17 and it is reasonable to expect that
diVerent programmes will be required to meet
the varying educational needs of these roles.

In time the role of a “Cancer Genetics
Resource Nurse” may evolve into a dedicated
position, distinct from, but complementary to,
the role of Genetic Counsellors working with
high risk families in Familial Cancer Centres.
This role need not be confined to oncology
nurses. With this form of training, social work-
ers would be well placed to elicit concern
regarding family history and counsel accord-
ingly. The Cancer Genetic Resource course
can be readily adapted for allied health staV or
medical professionals.

The Cancer Genetic Resource course was funded by the Victo-
rian Department of Human Services. Mary-Anne Young and
Margaret Sahhar were instrumental in convening the course and
the Anti-Cancer Council of Victoria, in particular Amanda
Howden and Doreen Ackerman, provided support and valuable
suggestions. We thank Drs Mac Gardner and John Rogers for
comments on the paper.
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Participation in preconceptional carrier couple
screening: characteristics, attitudes, and
knowledge of both partners

L Henneman, I Bramsen, H M van der Ploeg, H J Adèr, H E van der Horst, J J P Gille,
L P ten Kate

EDITOR—Couples in which both partners are
carriers for a particular autosomal recessive
disease, such as cystic fibrosis, Tay-Sachs
disease, or thalassaemia, have a 1 in 4 risk for
each child to have this disorder. Population
carrier screening programmes aimed at the
identification of carrier couples make it possi-
ble to inform these couples about their risk and
about the reproductive options that are avail-
able. Before beginning any genetic screening
programme, it is important to assess commu-
nity interest in screening.1

It is well known that the way in which carrier
screening is oVered and the timing, for
example, during or outside pregnancy, deter-
mine participation in screening and the reasons
for participation. Screening oVered face to face
with the possibility of immediate testing gives
high uptake rates, whereas oVers made by
mailed invitation or poster announcements
attract little interest.2–6

Most of the data on motives for participation
have been obtained from programmes oVering
carrier screening during pregnancy.7–15 In these
studies, a high interest in screening was
reported, although it has been argued that test-
ing during pregnancy is often accepted just
because it is oVered.16 The decision to partici-
pate was mostly made by women, who were
often initially tested without discussing it with
their partner. Anxiety has been reported
among those who are tested positive, while
waiting for their partner’s results.10 17 18 It can
also cause distress when the partner is not
available or does not want to be tested.19

Furthermore, prenatal screening leaves limited
reproductive options for a carrier couple and
might impose time constraints when decisions
about a prenatal diagnosis have to be made.20

OVering carrier screening outside pregnancy
shows low participation rates when no preg-
nancy is planned, but interest is higher when
there are plans for having children (preconcep-
tional).4 7 21

This study focused on the preconception
period as the time for screening and considered
couples as the screening unit. Determining why
some couples participate in a preconceptional
carrier screening programme while others
decline provides insight into the desirability of
screening. It may also give some indications of
how to improve accessibility to screening for
those who are interested. To investigate this,
couples can be directly asked for reasons why
they decided (not) to participate. In addition,
determining diVerences in individual variables
and attitudes between participants and non-
participants can be used to explain participa-
tion. Early theories on health related behaviour
suggest that intention to take a preventive
health action is likely when people (1) view
themselves as susceptible to the condition, (2)
consider the disease to be serious, (3) perceive
high benefits of the health action, and (4) per-
ceive few disadvantages in undertaking it.22

These four components are the earliest con-
structs of the Health Belief Model (HBM),
which has been considerably expanded, as was
reviewed by Janz and Becker.23 The present
study focused on a select group of variables
derived from the HBM. This model was
chosen because of its applicability to predicting
behaviour towards voluntary action, such as
carrier screening.

In this study, the determinants of participa-
tion in preconceptional cystic fibrosis (CF)
carrier couple screening was investigated,
focusing on the characteristics and attitudes of
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both partners. The study was carried out
within the framework of a large project on the
feasibility and desirability of CF carrier screen-
ing in The Netherlands. It was designed to
address the following research questions. What
is the main reason why couples choose to par-
ticipate or choose not to participate in carrier
couple screening? Are there HBM related fac-
tors associated with participation among eligi-
ble couples invited for screening?

Subjects and methods
PROCEDURES

Participating and non-participating couples
were recruited from a feasibility study of
preconceptional CF carrier couples screening
in The Netherlands. Screening was oVered to
couples who were considering a pregnancy in
the future, by five general practices, between
May 1997 and June 1998. In total, 5414
people, aged 20 to 35 years, received a letter of
invitation signed by their general practitioner
(GP). GPs were asked to exclude patients with
fertility problems or psychosocial problems
from the mailing list to avoid any possible
emotional disturbance of these people by the
invitation. The letter invited couples, interested
in screening, to attend a 45 minute educational
session at a nearby location on two evenings in
one week. The letters were non-directive, did
not encourage couples to participate, and
mentioned that this was a scientific study on
interest in participation. Both partners were
asked to be present. Enclosed with the letter
was an information leaflet. The leaflet de-
scribed the clinical and genetic aspects of CF,
carrier prevalence in the population, the
implications for the couple of a positive carrier
screening test, and how testing is conducted,
including information about the imperfect sen-
sitivity of the test (the test sensitivity in this
study was approximately 87%). A member of
the research group (LH) organised the edu-
cational sessions. At the session, attendees were
given more detailed information, and an
outline of possible advantages and disadvan-
tages of screening was presented. At the end of
the session, couples were oVered the carrier
test, which would be performed by mutation
analysis on a mouthwash sample. All of this was
oVered free of charge. Exclusion criteria for the
participation of couples were: pregnancy, a
positive family history of CF, and age younger
than 18 years. Both partners of participating
couples provided a mouthwash sample. If only
one partner was able to attend the session, a kit
was provided in which the mouthwash sample
of the other partner could be collected at
home. After the educational session, couples
were given an informed consent form to take
home and were asked to return it by mail
within one week. The Medical Ethical Com-
mittee of the academic hospital Vrije Univer-
siteit in Amsterdam approved the study proto-
col.

UPTAKE

To determine the uptake of screening, a
non-response survey by telephone was per-
formed to estimate the percentage of eligible

persons in the invited population. Eligibility
was defined as having a steady relationship and
planning to have one or more children with the
partner. A random, age stratified sample of
those who did not respond to the initial invita-
tion for screening, that is, did not attend the
educational session, was contacted by tele-
phone on diVerent evenings during the week.
Other random subjects replaced those who did
not answer the telephone after three calls until
samples of approximately 10% (n=387) in
every practice were reached. Respondents were
asked whether they had received the letter of
invitation from their GP, whether they were
interested in screening, and whether their situ-
ation conformed to that of the target popula-
tion. The non-response telephone survey
showed that 19.6% (76/387) of these invited
subjects were eligible for participation. In the
calculation of uptake rates, the responses of
subjects to the invitation were considered, and
not the responses of couples, since invitations
were sent to individual people and some
partners did not receive an invitation because
their age group was not included or because
they had a diVerent GP. Subjects whose mail
was returned by the post oYce as undeliverable
(n=99) were excluded from the study. In total,
108 subjects (related to 79 couples) responded
to the invitation for screening. The response
therefore was 2% of the total population (108/
5315) and 10.4% of the eligible (target) popu-
lation (108/1042). Seventy eight couples con-
sented to participate in the test (78/79, 98.7%
participation) after the educational session.

COMPARISON OF PARTICIPANTS AND

NON-PARTICIPANTS

To determine factors influencing the decision
to accept the test, diVerences between consent-
ing couples (participants) and a sample (see
below) of eligible couples who did not attend
the screening session, identified through the
non-response telephone survey (non-
participants), were investigated. Data were
gathered by means of questionnaires that were
identical for both partners and both groups.
Questionnaires were administered to all at-
tendants at the beginning of the educational
session. Each partner in a couple was asked to
complete the questionnaire individually with-
out consulting the other partner. Of the 78
participating couples, 76 completed the ques-
tionnaire.

Non-participants who confirmed during the
non-response telephone survey a desire to have
children with their partner, that is, they were
eligible for participation (n=76), were asked
whether they and their partner would be
willing to complete the questionnaire and
return it by mail. Of these 76 non-participants,
six did not wish to take part in the study. In
total, 76% (53/70) of the non-attending eligible
couples returned the questionnaire. Those who
did not return the questionnaire (n=17) had
previously reported by telephone that their
main reason for non-participation was lack of
time. Eventually, 76 participating and 53 eligi-
ble non-participating couples could be com-
pared.
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QUESTIONNAIRE DESIGN

The questionnaire was developed and tested
for homogeneity specifically for this study.
Subjects were asked, in an open ended
question, to indicate the single most important
reason for participating or not participating in
the screening. In addition, they were asked to
report which partner (both partners, man, or
woman) had influenced the decision most, and
their agreement over the final decision (both
agree, partner disagrees, or I disagree). Fur-
thermore, the questionnaire assessed certain
components of the Health Belief Model
(HBM) including the following:

(1) Sociodemographics
Subjects provided information on age, gender,
marital status, highest level of education,
number of children, and religiousness. Couples
were also asked to indicate whether a preg-
nancy was planned in the short term (within
the next two years) or in the long term (after
the next two years).

(2) Familiarity with the disease
Familiarity with the disease was derived from
the response to the question: had you heard
about the disease cystic fibrosis before receiv-
ing the invitation for screening?

(3) Knowledge of the disease
This consisted of seven multiple choice ques-
tions, assessing the level of understanding of
the medical and genetic aspect of CF and car-
rier testing. A response of “don’t know” was
scored as an incorrect answer. The number of
questions answered correctly was calculated as
a sum score. The answers to the separate ques-
tions were also considered.

(4) Health locus of control
The validated subscale of the Multidimen-
sional Health Locus of Control scale with the
locus dimension “internal control” was used to
indicate the extent to which subjects perceived
their behaviour as responsible for their own
health (IHLC).24 According to this model, a
person is more likely to engage in healthy
behaviour if he or she has a strong internal
locus of control. The subscale consists of six
items, and the answering format was a six point
Likert-type scale (completely agree (1) to
completely disagree (6)). A total sum score was
computed for each subject, with high scores
indicating a higher likelihood of engaging in
healthy behaviour. Cronbach’s á for IHLC on
the data was 0.76.

(5) Perceived discomfort
The respondents were asked to indicate the
extent to which they agreed that screening
requires too much of their time and eVort
(completely disagree (1) to completely agree
(5)).

(6) Constructs of HBM
The questionnaire included 14 items specifically
addressing carrier screening, to measure percep-
tions concerning carrier testing (see Appendix).
The newly developed constructs were derived

from the four basic HBM dimensions22: (1) per-
ceived risk of being a carrier (couple) and having
a child with CF (“Perceived susceptibility”,
three items), (2) perceived severity of the disease
and the burden of treatment of a child with CF
(“Perceived seriousness”, three items), (3) ben-
efits of testing (“Perceived benefits”, five items),
and (4) perceived barriers related to screening,
such as worries about testing, the perceived
impact of carrier status, and the perception that
other people will look diVerently at them when
they are identified as carrier (“Perceived impact
barriers”, three items). For “Perceived suscepti-
bility”, respondents were asked to indicate the
estimated likelihood of their risk on a six point
scale (very unlikely (1) to very likely (6)). For all
other items, the respondents were asked to indi-
cate the extent to which they agreed with each
statement on a five point Likert scale (com-
pletely disagree (1) to completely agree (5)).
Principal axis factor analysis with varimax rota-
tion was performed to verify that the items
loaded on the four factors of the HBM.
Subsequently, a reliability analysis was per-
formed on each scale to determine whether all
items contributed to the internal consistency of
the scale. Summing up items results in a single
measure for three subscales with good reliability:
“Perceived susceptibility” (Cronbach’s á=0.83),
“Perceived benefits” (Cronbach’s á=0.90), and
“Perceived impact barriers” (Cronbach’s
á=0.64). For “Perceived seriousness”, the items
(n=3) were considered separately, owing to the
low internal consistency of the total scale.

DATA ANALYSES

To answer the first research question, the
answers of couples to the open ended question
about the main reason for participating or not
participating in screening were coded into
general categories. Before trying to answer the
second research question, it was necessary to
determine whether the data of both partners
should be included as a pair, because both the
man and the woman of each couple completed a
questionnaire. To investigate this, the responses
to questionnaires of both partners were com-
pared, using McNemar non-parametric tests for
categorical data and paired t tests for continuous
data. Since the sociodemographic status was
highly correlated between the partners within a
couple, data of only one randomly selected part-
ner were included in the bivariate analyses com-
paring participants and non-participants. For all
the other variables (2) to (6), at first the median
split of the sum scores was taken, which resulted
in subjects with low scores and subjects with
high scores (knowledge low (0-3), high (4-7);
IHLC low (6-23), high (24-36); susceptibility
low (3-9), high (10-18); benefits low (5-19),
high (20-25); impact barriers low (3-6), high
(7-14), and separate items (discomfort and seri-
ousness) low (1-3), high (4-5)). Paired data
analyses showed that in the responses to these
variables, there were moderate to low associa-
tions between partners in a couple, indicating
that both partners provide diVerent information.
Therefore, it was not possible randomly to select
one partner of the couple for the analyses. In
addition, since the attendance of a couple at the
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educational session and participation in screen-
ing requires a joint decision, it was assumed that
the association between a given variable and
participation in screening would be stronger
when partners have similar attitudes. To quan-
tify the association between the scores of both
partners of a couple, a concordance score was
formed on a three point scale: 2=“High-High”
(both partners in a couple scoring high on the
variable), 1=“High-Low” (one partner scoring
high (male or female) and one partner scoring
low (male or female), and 0=“Low-Low”’ (both
partners in a couple scoring low on the variable).
Subsequently, bivariate analyses were performed
to examine the association between participa-
tion in screening and the concordance variables
(2) to (6). Chi-square analysis and Fisher’s exact
tests were used to compare responses between
participating and non-participating couples.
Finally, all variables (1) to (6) that showed
statistical significance in bivariate analyses were
entered into one multiple logistic regression
model simultaneously. All analyses were per-
formed using SPSS for Windows.25 A p value of
<0.05 was considered to indicate statistical
significance.

Results
MAIN REASON GIVEN FOR PARTICIPATION AND

NON-PARTICIPATION

Among the 76 couples who decided to attend
the educational session and consented to CF
carrier testing, the decision was taken jointly in
85%, while 15% reported that the woman had
more influence on the decision to participate.
Nevertheless, none of the couples reported disa-
greement on the final decision. The main reason
given by couples for taking the test was that they
wanted to know whether they were a carrier
couple with a high risk of having a child with CF
(97%). The other couples (3%) gave no specific
reasons for taking the test. The reasons non-
participants gave (in their own words) for not
responding to the invitation for screening varied,
but the most commonly stated reason for not
attending the educational session was “lack of
time” or “forgot to attend the educational

session” (53%, n=28). Other reasons given were
that “the test results would not influence our
attitudes towards family planning” (21%,
n=11). Furthermore, 15% of the couples were
not interested in testing because they “were not
concerned” (n=6) or they had “never heard of
CF” (n=2). Five percent reported “testing
would make us too anxious”. The answers of
most partners in a couple could be placed in the
same category. However, in three couples (6%),
the partners showed disagreement; the women
reported that they were interested in screening
but they declined the test because their partners
were reluctant to participate.

FACTORS ASSOCIATED WITH PARTICIPATION

Sociodemographics of participants and non-
participants, both men and women, are shown
in table 1. Within the couples included in the
study, no statistically significant diVerences
were found between men and women with
regard to educational level, time period in
which children were planned, and religious-
ness. The men were significantly older than the
women in both participating and non-
participating couples. In general, within a rela-
tionship, men are older than women in The
Netherlands.26 In bivariate analyses, no associa-
tions could be shown between participation
and the variables age, marital status, level of
education, number of children, the time period
for planning children, or religiousness.

While the sociodemographics for both men
and women within the couples were highly
comparable, paired data analyses showed that
in the responses to the other variables, such as
familiarity with CF, knowledge of CF, and per-
ceptions with regard to carrier screening, there
were diVerences between partners. Therefore,
data of both partners were included in the sub-
sequent analyses. Table 2 shows the bivariate
associations between components of the
Health Belief Model and participation in
screening for the three diVerent concordance
groups (“High-High”, “High-Low”, “Low-
Low”). Participating couples scored higher
than non-participating couples on the know-
ledge questionnaire, and higher on the internal
health locus of control (IHLC) scale and
perceived higher benefits of testing. In addi-
tion, participating couples were more likely
than non-participating couples to perceive low
discomfort of screening and low impact
barriers to screening. No associations were
found between participation in screening and
familiarity with CF, perceived susceptibility, or
the items on perceived seriousness. Further-
more, no diVerences in responses were found
between the five general practices that partici-
pated in oVering the screening.

The relevant components found in the
bivariate analyses were entered into one multi-
ple logistic model simultaneously. CoeYcients,
odds ratios (OR), 95% confidence intervals
(95% CI), and p values for this model are pre-
sented in table 3. Perceived discomfort and
perceived benefits appeared to be the strongest
predictors for participation in screening. Cou-
ples in which both partners perceived low dis-
comfort of screening were more likely to

Table 1 Sociodemographic characteristics of participants and non-participants in a
preconceptional CF carrier screening programme*

Participants (76 couples) Non-participants (53 couples)

Women
(n=76) Men (n=74)

Women
(n=53) Men (n=52)

Age (mean (range)) 28.5 (20–44) 30.9 (20–45)§ 27.6 (20–37) 30.4 (23–41)§
Marital status (% married) 45 45 45 46
Level of education† (%)

Low 13 16 19 23
Medium 42 42 51 40
High 45 42 30 37

Children (% having children) 26 27 42 42
Planning children (% within 2

years)
55 49 62 58

Religion‡ (%)
No religion 47 52 53 59
Religion, irregular practice 49 43 34 31
Religion, regular practice 4 5 13 10

For three couples, sociodemographic data for the man were missing.
*Age was evaluated by t test; all other characteristics were evaluated by chi-square.
†Low: primary school, lower level of secondary school, lower vocational training. Medium: higher
level of secondary school, intermediate vocational training. High: higher vocational training, uni-
versity.
‡Irregular practice: church attendance <1 month. Regular practice: church attendance >1 month.
§Significant at p<0.05 for comparison of men and women within the couples.
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participate than couples in which at least one
partner perceived high discomfort of screening.
Compared to couples perceiving low benefits
from screening, couples in which one or both
partners perceived high benefits were more
likely to participate. Couples in which both
partners perceived low impact barriers were
more likely to have the test than couples in
which both partners perceived high barriers.
Couples with high knowledge scores were more
likely than couples with low knowledge scores
to participate in screening. Finally, couples
with one partner scoring high on the internal
health locus of control scale were more likely to
participate than couples with low scores.

ATTITUDES OF COUPLES WITH DIFFERENT

REASONS FOR NON-PARTICIPATION

Over half of the couples who did not attend the
educational session (53%) reported that the
main reason for non-participation was that
they had no time or had forgotten to attend the

educational sessions. These couples may diVer
in their attitude towards testing from the other
non-participating couples. To analyse this,
couples who did not attend were divided into
two subgroups: (1) those who reported that
they had no time or had forgotten to attend,
but were possibly interested in screening (“lack
of time”, n=28), and (2) those who did not
attend for other reasons (“other reasons”,
n=25). Bivariate analyses of the variables (1) to
(6) showed that only one variable was associ-
ated with reporting “lack of time”. In non-
participating couples reporting “lack of time”,
it was more likely that both partners perceived
high benefits of screening than in non-
participating couples reporting “other reasons”
(50% v 16%) (OR=8.7 (2.0-37.7)). In addi-
tion, two-thirds of these couples perceiving
high benefits and reporting “lack of time” had
high knowledge scores.

Of all non-participants, 76% supported the
view that genetic carrier testing for CF should
be oVered to all couples planning to have chil-
dren, 15% did not favour this opinion, and 9%
were not sure. Among those who reported
“lack of time”, only two respondents were
opposed to oVering screening in the general
population.

PARTICIPANT AND NON-PARTICIPANT

KNOWLEDGE

With regard to more detailed knowledge of CF,
a comparison was made of correct answers of
participants (before the educational session)
and non-participants to five multiple choice
questions on the knowledge questionnaire. The
answers to these questions could all have been
found in the information leaflet, which was sent
with the letter of invitation for screening.
Participants were significantly more likely than
non-participants to be aware of the most
important symptoms of CF (64% v 32%), to
know that carriers do not need to have a family
history of CF (83% v 69%), to recall the risk of
being a CF carrier (61% v 39%), and to

Table 2 Bivariate associations of components of the
Health Belief Model and concordance variables* of
participating and non-participating couples

Participants
n=76 couples (%)

Non-participants
n=53 couples (%)

Familiarity with the disease
Yes-Yes 34 28
Yes-No 36 30
No-No 30 42

Knowledge of the disease
High-High 62 34***
High-Low 26 25***
Low-Low 12 41***

IHLC†
High-High 33 23**
High-Low 40 24**
Low-Low 27 53**

Perceived discomfort
High-High 0 11***
High-Low 3 23***
Low-Low 97 66***

Perceived susceptibility
High-High 1 4
High-Low 13 8
Low-Low 86 88

Perceived benefits
High-High 77 34***
High-Low 18 26***
Low-Low 5 40***

Perceived impact barriers
High-High 5 38***
High-Low 32 38***
Low-Low 63 24***

Burden of disease
High-High 67 55
High-Low 17 24
Low-Low 16 21

Burden of child with disease
High-High 75 64
High-Low 18 25
Low-Low 7 11

Burden of treatment
High-High 22 19
High-Low 38 26
Low-Low 40 55

For five couples, data for only one partner were available. In the
analyses, data of the available partner were used for the missing
data of the other partner. Analyses without these five couples
showed the same results.
*High-High/Yes-Yes (both partners of a couple scoring
High/Yes on the variable). High-Low/Yes-No (one partner scor-
ing High/Yes (male or female) and one partner scoring Low/No
(male or female)). Low-Low/No-No (both partners of a couple
scoring Low/No on the variable).
†Internal health locus of control scale.
Chi-square tests for comparison of participating and non-
participating couples, **p<0.01, ***p<0.001.

Table 3 Multiple logistic regression model: odds of
participation of couples in CF carrier screening

Predictor Odds ratio (95% CI)

Knowledge of disease
High-High 6.1 (1.5–24.9)**
High-Low 3.2 (0.8–13.5)
Low-Low Ref

IHLC*
High-High 2.3 (0.7–8.1)
High-Low 5.2 (1.4–19.4)**
Low-Low Ref

Perceived discomfort†
High-High/High-Low Ref
Low-Low 19.2 (2.9–125.5)***

Perceived benefits
High-High 16.2 (3.8–69.1)***
High-Low 7.9 (1.6–39.4)**
Low-Low Ref

Perceived impact barriers
High-High Ref
High-Low 3.7 (0.8–17.5)
Low-Low 7.0 (1.5–32.2)**

Ref = reference category.
*Internal health locus of control scale.
†In the analyses, the subgroups High-High and High-Low were
added together, to account for empty cells in the subgroup
High-High.
**p<0.05, ***p<0.01.
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understand that carriers of CF would not
develop CF related health problems (66% v
41%). There was no association between
knowledge scores and level of education. In
both groups, women scored higher on the
knowledge questionnaire than men. In addi-
tion, more women than men had previously
heard of CF.

Discussion
In this study, factors associated with participa-
tion in preconceptional carrier couple screen-
ing were assessed. The results suggest that
couples who participated in the CF carrier
screening programme, as opposed to those who
did not, perceived lower discomfort from
screening, perceived higher benefits, perceived
lower impact of the consequences of screening,
knew more about CF, and perceived their own
behaviour to be responsible for their health.
Overall, the results were more pronounced
when partners had similar perceptions. The
main reason given for not participating in
screening was lack of time to attend the
educational session. The results showed that
couples who lacked the time to attend
perceived more benefits from screening than
couples reporting “other reasons” for non-
participation.

As expected, higher perceived benefits of the
test were associated with more participation in
screening. Benefits from testing reflect the
importance couples attach to knowing their
chances of having a child with CF, which was
also found to be the most frequently reported
reason for participation in screening. It also
reflects the expectations of the couples that
they will have more reassurance and that the
test results will help them to make decisions
about having children. Higher awareness of the
benefits of screening may increase the accept-
ance and participation of couples in screening.
In 34% of the non-participating couples, the
perception of the discomfort of screening was
high for at least one partner. These couples will
probably only participate if screening takes less
of their time and does not require an extra visit.
The results also suggest that those who
perceive low impact barriers, such as the
impact of carriership on their general health
status and the perception that other people will
look diVerently at them, are more likely to
accept screening. Only 41% of all non-
participants stated correctly that carriers of CF
would not develop health problems resulting
from their carrier status. These results suggest
that anxiety about screening and the burden of
carrier status are partly based on misconcep-
tions owing to lack of knowledge.

Knowledge of CF was also a predictor for
participation in screening, although this is
probably more a reflection of the interest cou-
ples have in screening and reading the leaflet
before attending the educational session than
knowing about CF before the invitation for
screening. Nevertheless, inadequate under-
standing could lead to increased anxiety, and
therefore result in non-participation. Bern-
hardt et al27 stated that better baseline under-
standing of human genetics in the public might

provide a basis for understanding genetic
screening tests and increase interest in learning
about screening tests.

The percentage of respondents who were
familiar with CF is comparable with the
percentages in the Dutch population in gen-
eral, in which 60% know about the disease and
15% know somebody with CF.28 Familiarity
with the disease was not associated with
participation. This could be explained by the
fact that people may have heard about CF, but
do not know the clinical implications or the
hereditary pattern of the disease. Possibly
therefore, this variable was not a motivating
factor in participation.

Studies have shown that people are more
likely to participate in screening if they
consider themselves susceptible to being a car-
rier or to having an aVected child.4 12 29 30 This is
in contrast with the finding of the present
study, in which no association was found
between perceived risk and participation. Most
respondents thought it very unlikely that they
would be a carrier or that they would have a
child with CF. The percentage of respondents
knowing the carrier risk was 61% in the
participants and 39% in the non-participants.
Again, this might imply that non-participation
is partly based on lack of knowledge and the
assumption that CF is not very common. The
question remains as to whether a more
accurate understanding of actual risk might
have led to a diVerent perception of risk, which
would influence participation. A previous study
has shown that perceived risk, rather than
actual risk, influences the participation of
women in prenatal screening tests.31 Presum-
ably, couples participate because they want to
be reassured that their risk is low, and not
because there is a chance of their being carriers
or having a child with CF. This is supported by
the findings of Loader et al12 that the desire for
reassurance of a low risk of having a child with
CF was mentioned twice as often (50.6%) as
the intention to avoid having such a child
(27.8%).

Other studies4 29 have also reported the lack
of an association between perceived serious-
ness of the disease itself and participation in
screening. In the present study, the burden of
the disease and the burden of a child with CF
was perceived as high for most respondents,
whereas the impact of treatment was perceived
as moderate to low. This suggests that respond-
ents perceive CF as a very serious disease, but
think they can cope with a sick child in
practice. In the present study, no influence of
the level of education on participation was
found, which is in contrast with the findings of
other studies.4 12 13 21 29 Furthermore, already
having children was not found to be a reason to
decline screening, suggesting that the couples
understood this aspect of inheriting CF. Over-
all, 45% of the couples were married, as
expected from this age group in the Dutch
population.25

The eVect of factors predicting participation
in screening was more pronounced when cou-
ples shared their views. To our knowledge, only
one other study29 described the agreement of
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husband and wife in predicting participation in
a carrier screening programme. In this study, it
was found that the combined beliefs of couples
increased precision in the prediction of who
will participate in screening for Tay-Sachs dis-
ease.

In the present study it was stressed that both
partners should attend the educational session
to receive the same information, on which sub-
sequent decision making could be based. Of all
participating couples, 15% reported that the
decision to accept screening was merely the
woman’s decision, whereas 6% declined be-
cause the male partner did not wish to partici-
pate. The results also showed that women had
heard about CF more often than men and
knew more about the disease. Overall, these
results are consistent with the findings of other
studies,3 5–7 21 32 that is, that interest in testing is
greater among women than among men. This
may reflect the greater concern and responsi-
bility in reproductive decisions felt by women.
Future analyses of additional data will be
performed to determine whether gender diVer-
ences in the response to the test results can be
found, as has been reported in other stud-
ies.33 34

Lack of time was the most frequently
reported reason for non-participation. The
invitation to attend the educational session on
two evenings in one week was sent 14 days in
advance. This might have been too short for
people who already had other appointments on
these evenings. Moreover, it has been found
that when screening is oVered a second time,
on more evenings, or when people can make
their own appointment, for example with their
own GP, participation increases (Henneman et
al, in preparation). Although not reported,
another reason for non-participation might be
that couples prefer personal counselling in-
stead of attending a general educational session
with other couples. In a study carried out by
Clayton et al,6 non-pregnant couples showed
lack of interest in carrier screening. Reluctance
to participate was ascribed to worries about
factors such as insurability, being at risk, what
they would need to learn, abortion, and
religious beliefs. However, the authors believe
that lack of interest in that study might also be
explained by the mode of invitation, letters
placed in pockets on signs and not personally
addressed to those who were oVered screening.
Mode of invitation has been found to be the
most important factor influencing
acceptance.2–4 Invitations that were more per-
sonal might have increased interest in that spe-
cific screening programme. In prenatal carrier
screening, unwillingness to terminate an af-
fected pregnancy was mainly found to be the
most frequently reported reason to decline
screening,9 12 35 although lack of time has also
been reported.14

The uptake of the pre-educational screening
session of couples who planned to have
children was 10.4% in the present study. This
uptake is not high, compared with other
screening programmes oVered before preg-
nancy2 3 5 and during pregnancy.9 10 13 36 How-
ever, the authors are of the opinion that uptake

rate is not the most important determinant, if
not for economic reasons, of the desirability of
screening. Yet, knowledge about motives and
barriers for participation is important. As Mar-
teau37 also emphasised, one of the key research
questions for the next 10 years should be to
find the best way of oVering tests to achieve
informed choice. In the present study, the main
reason couples gave for participation in the
screening was to find out whether they were at
high risk of having a child with CF. None of the
couples reported that they participated in the
screening because they were told to do so by
their GP or that they felt that they could not
refuse. These results suggest that because of
the time and eVort needed for participation,
couples were stimulated to make a decision
based on the conviction that screening is
important, and not just because it is oVered or
strongly recommended, as was argued for
opportunistic screening programmes with high
uptake rates.36 38

For this study, new scales based on the
Health Belief Model (HBM) were developed to
evaluate the response of couples to CF carrier
screening. Several other components of the
HBM, that were not addressed in the present
study for practical reasons, may also be impor-
tant, such as interpersonal interactions and
mass media communications,22 and the influ-
ence of psychological defence mechanisms,
such as avoidance behaviour.30 There has also
been more general criticism of the model, like
other rational choice theories, that is, that it
provides an idealised view of how decisions
should be made and that it gives insuYcient
attention to emotion in decision making and
the role of cultural standards and values.39

However, the HBM provided more insight into
the motives and barriers reported by couples
who were oVered carrier screening. In addition
to HBM related variables, other variables are
also considered to be important in aVecting
participation in carrier screening, such as
tolerance of test uncertainty.4

This article specifically addressed the par-
ticipation in preconceptional CF carrier
screening in The Netherlands. DiVerences
between other screening programmes and
other countries will exist, but many similarities
are evident, and the results of this study can be
used in the development of other programmes.
Preconceptional screening was chosen because
it provides a maximum number of reproductive
options for identified carrier couples and
involves a minimum of (time) constraint. Fur-
thermore, there are three other reasons why
preconceptional screening is highly applicable
in The Netherlands. Firstly, prenatal screening
is diYcult for practical reasons, because many
pregnant women visit a clinic late in their preg-
nancy. Secondly, preconceptional screening
meets the requirements formulated by the
Committee for Genetic Screening of the Dutch
Health Council, whereas prenatal screening
does not.40 Thirdly, there are a large number of
planned pregnancies in The Netherlands
(85-90%), creating an ideal situation for
contacting couples before conception. These
reasons may also be valid for other countries. In
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addition, preconceptional screening can be
considered for a number of other reasons, as
has recently been suggested for Tay-Sachs dis-
ease41 and haemoglobin disorders.42 43 For
example, in the UK, prenatal screening for
haemoglobin disorders is recommended as a
routine practice,44 although it has been shown
that the present practice does not always meet
the needs for early information and leads to the
late recognition of risk.45 46 Moreover, at the
beginning of a thalassaemia screening pro-
gramme43 in Sardinia in the mid 1970s, the
largest category of participants consisted of
pregnant women, whereas the number of cou-
ples without a pregnancy is currently increas-
ing. In other countries, however, cultural
diVerences influence the approach to carrier
screening.47 For example, screening is oVered
premaritally to communities of Orthodox Jews,
to prevent the marriage of two carriers of
recessive disorders.48

In this study, interest in preconceptional CF
carrier screening, requiring time and eVort to
participate, is shown, both by the actual partici-
pation of couples and by the perceived benefits
of screening of couples who did not participate.
The results of the study could be used as a
model for other screening programmes. Lack of
time to attend the educational session was found
to be the main influence on participation in car-
rier screening by non-pregnant couples. How-
ever, the results suggest that these couples have
positive attitudes towards screening and will
attend when screening is oVered more conven-
iently. The results also indicate that participation
is influenced by “psychological” barriers, possi-
bly caused by an inadequate understanding of
the consequences of carrier testing. These barri-
ers could be removed by providing more clear
information about the meaning of carrier status

and by increasing public awareness. In addition
to participation in screening, the psychological
and cognitive consequences of screening are
being investigated.
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Appendix
Constructs of the Health Belief Model: subscales and items
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Functional characterisation of mitochondrial
tRNATyr mutation (5877G→A) associated with
familial chronic progressive external
ophthalmoplegia
Ko Sahashi, Makoto Yoneda, Kinji Ohno, Masashi Tanaka, Tohru Ibi, Kentaro Sahashi

EDITOR—Chronic progressive external oph-
thalmoplegia (CPEO) is a common clinical
manifestation of mitochondrial cytopathies
characterised by ophthalmoplegia and ptosis.1

Approximately two-thirds of CPEO patients
harbour a large, heteroplasmic, mitochondrial
DNA (mtDNA) deletion.2 Some other CPEO
patients carry a point mutation in the mito-
chondrial tRNA genes. Twelve point mutations
in six mitochondrial tRNA genes have been
reported to date in association with CPEO
(Mitomap at http://www.gen.emory.edu/
mitomap.html). Among the 12 mutations,
5703C→T in the tRNAAsn gene has been func-
tionally characterised.3 Here we report func-
tional analysis of 5877G→A in tRNATyr identi-
fied in a patient with CPEO4 using ñ0 cells that
lack mtDNA.

A 45 year old woman had moderate degrees of
ptosis, external ophthalmoplegia, and proximal
muscle weakness from the age of 28. She had no
sensorineural hearing loss, ataxia, pigmentary
retinopathy, hypogonadism, or mental retarda-
tion. She had episodic diarrhoea of unknown
aetiology. An ECG showed atrioventricular con-
duction block, while EEG, brain CT, and brain

MRI showed no abnormalities. An exercise
loading test of 15 watts for 15 minutes on a
bicycle ergometer5 raised her serum lactate from
6.9 mg/dl to 24.0 mg/dl (normal, less than 18.0
mg/dl), and her serum pyruvate from 0.6 mg/dl
to 1.4 mg/dl (normal, less than 1.3 mg/dl),
thereby increasing the lactate to pyruvate ratio
from 10.7 to 17.1 (normal, less than 13.8). A
biopsy specimen obtained from the biceps
brachii showed 4.0% ragged red fibres and 0.7%
cytochrome c oxidase negative fibres.

Mutation analysis of muscle mtDNA was
briefly described previously (patient 2 in
Ozawa et al4). Determination of the entire
mtDNA sequence showed 34 nucleotide
changes; 33 were homoplasmic and were
observed in 274 controls with variable frequen-
cies. A 5877G→A transition in the tRNATyr

gene was heteroplasmic and unique to the
patient. The ratios of mutant to wild type
mtDNA were 73% in skeletal muscle and 0.7%
in blood (fig 1B). The 5877G→A mutation is
located in the DHU loop of the tRNATyr gene
(fig 1A). The 5877G base pairs with 5905C in
the variable loop (circle in fig 1A) to form the
L shaped tertiary structure of the tRNA
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molecule.6 The 5877G is conserved in 29 of 43
species or in 25 of 28 vertebrates (alignment
not shown). The 5877G→A mutation has not
been reported in other patients with mito-
chondrial cytopathies (Mitomap).

Restriction enzyme analysis of blood and
umbilical cord DNA of family members
showed that the deceased mother, who had
ptosis, carried 5877G→A and that two asymp-
tomatic children (a 21 year old son and 19 year
old daughter) harbour 5877G→A in peripheral
blood and umbilical cord (fig 1B). The patient
developed ptosis at the age of 28 and the chil-
dren may be too young to show any symptoms.
Alternatively, the ratio of mutant mtDNA in
muscle may be less in the children than in the
patient. The children had no increase in resting
serum lactate. Two asymptomatic paternal half
sisters (aged 60 and 59 years) do not carry
5877G→A (fig 1B). Photographs showed that
the maternal grandmother also had ptosis, but
her DNA was not available.

To characterise the functional consequences
of 5877G→A, we transformed ñ0 cells with

patient’s skin fibroblasts as described else-
where.7 We obtained four distinct cybrid clones,
H35, H25, H63, and H11, harbouring 0, 3, 39,
and 23% of mutant mtDNA, respectively. We
measured the oxygen consumption as an indica-
tor for the mitochondrial respiratory chain func-
tions, using a Clark type oxygen electrode. The
H35 clone showed the highest oxygen consump-
tion and the H11 clone the lowest (fig 2A). We
next measured the viability of cybrids under
95% oxygen on days 3 and 4 by staining cells
with 0.15% trypan blue, because we assumed
that mutant mtDNA increases the leakage of
reactive oxygen species, which in turn exerts
cytotoxic eVects leading to cell death.8 Even
normal mitochondria convert approximately
1-5% of oxygen into the reactive oxygen species,
which results in degeneration of proteins, lipids,
and nucleic acids.9 Similar to the oxygen
consumption analysis, H35 showed the highest
viability rate and H11 the lowest (fig 2B).
Although H63 harboured a higher ratio of
mutant mtDNA than H11, H63 showed higher
oxygen consumption and higher viability rate
than H11. This may be because of the diVerence
in the intracellular distribution of mutant
mtDNA or in the total number of transformed
mtDNA.

A previously characterised 5703C→T muta-
tion at the anticodon stem of tRNAAsn destabi-
lises the tRNA secondary or tertiary structure
and decreases steady state levels of tRNAAsn.3

The present 5877G→A mutation in tRNATyr

alters an essential residue to form the L shaped
tertiary structure of tRNA.6 Similarly, seven
out of the 11 other CPEO associated point
mutations (Mitomap) are at the tRNA stems

Figure 1 (A) Secondary structure of tRNATyr and
5877G→A mutation. A circled C nucleotide in the variable
loop (5905C) indicates a residue that base pairs with
5877G to make the L shaped tertiary structure.6 Short lines
in the stems indicate hydrogen bonds linking the paired
nucleotides. (B) DdeI restriction analysis of 5877G→A in
family members. PCR amplified mtDNA fragments from
nucleotides 5681 to 5960 were digested with DdeI, which
only cleaves at the wild type 5877G. Closed arrowhead
points to a mutant 261 bp fragment. Open arrowheads
indicate wild type 178 and 83 bp fragments. A mutant
fragment in the patient’s blood is scarcely visible in the
figure. Arrow indicates the patient. Closed symbols show
aVected family members. BS, blood spot in the hospital
archives from deceased mother, PB, peripheral blood, SM,
skeletal muscle, UC, archived umbilical cords of patient’s
children which had been saved as mementos of birth.
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and probably destabilise the tRNA structure.
However, four other mutations are at the tRNA
loops and their eVects on the tRNA structure
remain unknown.

The 5877G→A mutation exerts deleterious
eVects even at 23% of mutant mtDNA, whereas
more than 90% of mutant mtDNA is required
to show pathogenicity of 3243A→G in tRNA
Leu(UUR),10 which is primarily associated with
MELAS.11 Hao and Moraes3 proposed that null
or near null mtDNA mutations are associated
with muscle pathologies, as exemplified in
5703C→T in tRNAAsn and in mtDNA deletions.
On the other hand, less severe mtDNA muta-
tions are associated with central nervous system
symptoms, as in the MELAS and MERRF
associated mutations.10 That low levels of
mutant mtDNA decrease oxygen consumption
and compromise cell viability under 95%
oxygen in the current studies further supports
their hypothesis on phenotype-genotype correla-
tion of mtDNA mutations.

This work was supported in part by the Grants in Aid for Gen-
eral Scientific Research (62570128) to MT from the Ministry of
Education, Science, and Culture of Japan, and the Research
Grant (11B-1) for Nervous and Mental Disorders to KS from
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of the present study in a review article (Nippon Rinsho
1997;55:3265-9).
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Mutation detection in long QT syndrome: a
comprehensive set of primers and PCR conditions

P Syrris, A Murray, N D Carter, W M McKenna, S JeVery

EDITOR—Long QT syndrome (LQTS) is an
inherited disorder which produces arrhythmia
and sudden death. The only presymptomatic
indication of the disorder is an extended QT
interval, in excess of 460 ms.1 However, those
with LQTS do not always show this prolonga-
tion of QT. There are dominantly and
recessively inherited forms of the disease,
Romano-Ward syndrome and Jervell Lange-
Nielsen syndrome, respectively, the latter also
exhibiting severe sensorineural deafness.2–4

About half the familial cases of LQT are known
to be caused by mutations in five ion channel or
channel associated genes, with over 90% being
accounted for by KCNQ1 and HERG, both of
which code for potassium channels.5 The
sodium channel gene SCN5A is responsible for
about 8% of cases with a known gene
mutation, while KCNE1 and KCNE2, which
code for proteins that associate with KCNQ1
and HERG respectively, are mutated in 1-2%.5

Mutations in KCNQ1 can produce both domi-
nant and recessive forms of the disease,
depending on the nature of the mutation.6–12

HERG and SCN5A mutations are dominant,
while those in KCNE1 and KCNE2 are
recessive.13–16 There are, however, exceptions to
these rules.17 18

Mutations have been identified throughout
the genes,19 20 although analysis of both HERG
and SCN5A has tended to be concentrated on
the pore regions owing to the substantial
number of exons in both genes. The initial
publications on KCNQ1 (formerly KVLQT1)
also analysed the pore and surrounding re-
gions, although several groups have now
produced primers that cover the entire
gene.19 21 The mutation analysis has been by
PCR followed by SSCP, and although labori-
ous, this is still the most commonly used
method. Investigation of all the genes has not
been possible, mainly because the exact
sequence of the PCR fragments amplified by
the existing primer sets was not available for
SCN5A22 and the published primers for
SCN5A, HERG, and KCNQ1 amplified frag-
ments outside the optimum size for SSCP or
proved diYcult to use.21–23 Larsen et al24 have
reported a robust analysis of KCNQ1 and
HERG, but this uses an automated capillary
SSCP analysis on an ABI 310 with an in house
cooling system, which is not available in most
laboratories, and SCN5A was not included in
this report. To allow extensive investigation of
populations potentially at high risk for muta-
tions in genes known to cause LQTS, we have
put together primer sets for all five genes, using
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published sequences where appropriate, but
redesigning where necessary. These primer
sets, with their specific PCR conditions that are
eVective on all thermocyclers tested so far, will
also be invaluable for transferring LQT gene
analysis from a research to a diagnostic setting.

Materials and methods
POLYMERASE CHAIN REACTION

The same PCR protocol was initially used in
order to amplify all PCR products. Red Hot
Taq DNA polymerase and buVers were sup-
plied by Advanced Biotechnologies, dNTPs
were purchased from Pharmacia, and primers
were made by Genosys-Sigma. PCR was
performed using 50 ng of DNA in a volume of
25 µl and the final concentration of reagents
was 1 × buVer (20 mmol/l (NH4)2SO4, 75
mmol/l Tris-HCl, pH 8.8, at 25°C, 0.01% (v/v)
Tween 20, 1.5 mmol/l MgCl2), dNTPs (0.2
mmol/l each), 0.2 µmol/l of each primer, and
1.25 units Red Hot Taq polymerase. Amplifica-
tion was carried out with the use of a
Touchdown thermal cycler (Hybaid). Condi-
tions for each PCR product were optimised by
varying the annealing temperature and the
Mg2+ concentration in the PCR reaction. A
typical PCR programme (a) comprised the fol-
lowing steps: 94°C for three minutes (one
cycle), 94°C for one minute, variable annealing
temperature for one minute, 72°C for one
minute (35 cycles), 72°C for 10 minutes (one
cycle). For several amplifications, a touchdown
PCR programme with variable annealing
temperatures was used. In that case, the
annealing temperature ranged between 70-
60°C (b), 70-58°C (c), 65-53°C (d), or

60-50°C (e) depending on the melting proper-
ties of the primers. A typical touchdown PCR
programme consisted of the following steps:
94°C for three minutes. 94°C for one minute,
annealing started at 70°C and decreased by 1°
per cycle, 72°C for one minute (11 cycles),
94°C for one minute, 60°C for one minute,
72°C for one minute (30 cycles), 72°C for 10
minutes (one cycle). Finally, in some cases,
amplification conditions given by Splawski et
al19 were chosen in order to amplify certain
KCNQ1 and KCNE1 fragments. These were
(f) 94°C for three minutes (one cycle), 94°C
for 10 seconds, 58°C for 20 seconds, 72°C for
20 seconds (30 cycles), 72°C for five minutes
(one cycle) and (g) 94°C for three minutes
(one cycle), 94°C for 10 seconds, 64°C for 20
seconds, 72°C for 20 seconds (five cycles),
94°C for 10 seconds, 62°C for 20 seconds,
72°C for 20 seconds (30 cycles), and 72°C for
five minutes (one cycle).

Products that did not amplify satisfactorily
were subjected to a diVerent PCR method
using HotStarTaq DNA polymerase and fol-
lowing the manufacturer’s protocol (Qiagen).
In some cases, a PCR additive, Q solution (also
supplied by Qiagen), was included in PCR
reactions to facilitate the amplification of diY-
cult templates by modifying the melting behav-
iour of DNA. Amplification conditions, primer
sequences, and sizes of amplified products are
given in tables 1-4.

KCNQ1

All primers were taken from Splawski et al19

except 9R (5' GAC ACA GGC TGT ACC
AAG CCA 3'), 13F (5' CAC TGC CTG CAC

Table 1 Amplification conditions, primers, and sizes of PCR products for KCNQ1 coding region. PCR programmes (a-g)
are given in Methods. The value following programme (a) indicates the annealing temperature for each PCR amplicon.
Primers were taken from Splawski et al,19 except those with an asterisk which were redesigned

Exon Size (bp) Primers
PCR fragment
(bp)

PCR
programme

Special
conditions

1 386+ F:CTCGCCTTCGCTGCAGCTC 334 (b) HotStarTaq
R:GCGCGGGTCTAGGCTCACC Q solution
F:CGCCGCGCCCCCAGTTGC 224 (b) HotStarTaq
R:CAGAGCTCCCCCACACCAG Q solution

2 91 F:ATGGGCAGAGGCCGTGATGCTGAC 165 (g)
R:ATCCAGCCATGCCCTCAGATGC

3 127 F:GTTCAAACAGGTTGCAGGGTCTGA 256 (g)
R:CTTCCTGGTCTGGAAACCTGG

4 79 F:CTCTTCCCTGGGGCCCTGGC 170 (b) HotStarTaq
R:TGCGGGGGAGCTTGTGGCACAG Q solution

5 97 F:TCAGCCCCACACCATCTCCTTC 154 (b) HotStarTaq
R:CTGGGCCCCTACCCTAACCC

6 141 F:TCCTGGAGCCCGACACTGTGTGT 238 (a) 58°C
R:TGTCCTGCCCACTCCTCAGCCT

7 111 F:TGGCTGACCACTGTCCCTCT 195 (b) HotStarTaq
R:CCCCAGGACCCCAGCTGTCCAA

8 96 F:GCTGGCAGTGGCCTGTGTGGA 191 (g)
R:AACAGTGACCAAAATGACAGTGAC

9 123 F: TGGCTCAGCAGGTGACAGC 280 (a) 64°C
R:GACACAGGCTGTACCAAGCCAA*

10 142 F:GCCTGGCAGACGATGTCCA 216 (f)
R:CAACTGCCTGAGGGGTTCT

11 121 F:CTGTCCCCACACTTTCTCCT 195 (f)
R:TGAGCTCCAGTCCCCTCCAG

12 76 F:TGGCCACTCACAATCTCCT 222 (f)
R:GCCTTGACACCCTCCACTA

13 95 F:CACTGCCTGCACTTTGAGCC* 304 (b)
R:GTGAGGAGAAGGGGGTGGTT*

14 47 F:CCAGGGCCAGGTGTGACTG 119 (b) HotStarTaq
R:TGGGCCCAGAGTAACTGACA

15 62 F: GGCCCTGATTTGGGTGTTTTA 186 (b)
R:GCAGGAGCTTCACGTTCACA*

16 237+ F:CACCACTGACTCTCTCGTCT 297 (f)
R:CCATCCCCCAGCCCCATC

706 Letters

www.jmedgenet.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.38.10.719 on 1 O
ctober 2001. D

ow
nloaded from

 

http://jmg.bmj.com/


TTT GAG CC 3'), 13R (5' GTG AGG AGA
AGG GGG TGG TT 3') and 15R (5' GCA
GGA GCT TCA CGT TCA CA 3'). PCR
conditions are given in table 1.

HERG

Primers were taken from Splawski et al19 and
Itoh et al.23 The details and PCR conditions are
shown in table 2.

SCN5A

Primers first published by Wang et al22 were ini-
tially used to amplify all 28 exons of the SCN5A
gene. All PCR products were then purified and
sequenced. New primers were designed for
PCR products with lengths unsuitable for
SSCP analysis (approximately >350 bp). Prim-
ers and PCR conditions for the amplification of
the SCN5A gene are given in table 3.

KCNE1 AND KCNE2

Primers for amplification of the coding region
(single exon) of the KCNE1 and KCNE2 genes
were taken from Splawski et al19 and Abbott et
al,16 respectively (table 4).

SINGLE STRAND CONFORMATIONAL

POLYMORPHISM ANALYSIS

SSCP analysis was performed with the use of a
Protean Cell system (Biorad) at two diVerent
temperatures (room temperature and 4°C).
Polyacrylamide gels (20 cm) were made using
2 × stock SequaGel MD solution (National
Diagnostics) following the manufacturer’s pro-
tocol. PCR products (2 µl) were resolved over-
night on SequaGel MD gels at diVerent

concentrations (0.4-0.8×) depending on their
size. Wherever possible more than one PCR
fragment were multiplexed in the same lane.
After each run gels were silver stained using
standard methods.

SEQUENCING

PCR products were sequenced using BigDye
Terminator chemistry on a 377 ABI PRISM
DNA sequencer (PE Biosystems) according to
standard protocols.

Results
Using the PCR conditions detailed in tables
1-4, PCR consistently yielded clean products
for all LQT fragments. For KCNQ1, 17 PCR
fragments were produced as exon 1 was
divided into two separate amplicons. For
HERG, 19 PCR fragments were amplified as
exons 4, 6, 7, and 12 were split into smaller
amplicons. Four new primers were designed
for KCNQ1, and existing sequences were used
for HERG. However, in the former case, 10
primer sets needed changes to suggested PCR
protocols, while for HERG this was necessary
for all amplicons, and primers from two
sources19 23 had to be used to obtain optimal
results. In the case of SCN5A, the whole coding
region was amplified with the use of 34 PCR
fragments. Exon 1 was excluded as it corre-
sponds to the 5' UTR part of the gene and
similarly part of exon 28 was not amplified as it
is the 3' UTR. Initially, all PCR fragments
amplified using the existing SCN5A primers22

were sequenced in order to determine their

Table 2 Amplification conditions, primers, and sizes of PCR products for HERG coding region. PCR programmes (a-g)
are given in Methods. The value following programme (a) indicates the annealing temperature for each PCR amplicon.
Primers have been reported previously19 23

Exon Size (bp) Primers
PCR fragment
(bp)

PCR
programme

Special
conditions

1 76+ F:GGGCCACCCGAAGCCTAGT19 298 (c) 1.0 mmol/l
R:CCGTCCCCTCGCCAAAGC19 MgCl2

2 231 F:GGTCCCGTCACGCGCACTCT23 312 (d)
R:TTGACCCCGCCCCTGGTCGT23

3 165 F:TGCCCACTGAGTGGGTGC23 288 (c)
R:TGACCTTGGACAGCTCACAG23

4 444 F:CTCCGGGGCTGCTCGGGAT19 284 (d) HotStarTaq
R:CACCAGCGCACGCCGCTCCT19 Q solution
F:CCCTGGACGAAGTGACAGCCAT23 318 (d) HotStarTaq
R:GGCTGGGGCGGAACGGGTCC23 Q solution

5 212 F:GCCTGACCACGCTGCCTCT23 279 (c)
R:CCTCCAAGGTGAGAGGAGA23

6 429 F:CAGAGATGTCATCGCTCCTG19 295 (e)
R:CAGGCGTAGCCACACTCGGTAG19

F:TTCCTGCTGAAGGAGACGGAAG19 296 (e)
R:TACACCACCTGCCTCCTTGCTGA19

7 388 F:TGCCCCATCAACGGATGTGC23 240 (c) HotStarTaq
R:CAGCCAGCCGATGCGTGAGTCCA23

F:TAGCCTGCATCTGGTACGC23 276 (a) 58°C HotStarTaq
R:GCCCGCCCCTGGGCACACTCA23

8 200 F:CTGTGGGTGGGTGGGGTCC23 300 (c)
R:TTTCCCAGCCTGCCACCCACT23

9 253 F:CCAAGGGAGGGTGTGCTGAG23 331 (c)
R:GGCATTTCCAGTCCAGTGC23

10 194 F:AGAAGGTGCCTGCTGCCTG23 286 (c) HotStarTaq
R:TCCAGCTCAGGGCAGCCAA23

11 100 F:AAGGGCCCTGATACTGATTTT23 189 (c)
R:TTCCAGCTCCCAGCCTCA23

12 273 F:CCCCTCTTTGAGGCCCATT23 279 (a) 55°C
R:CTTCTCGCAGTCCTCCATCA23

F:TGAGAGCAGTGAGGATGA23 205 (a) 58°C HotStarTaq
R:TAGACGCACCACCGCTGCC23 Q solution

13 187 F:CTCACCCAGCTCTGCTCTCTG19 273 (d) HotStarTaq
R:CACCAGGACCTGGACCAGACT19 Q solution

14 178 F:GTGGAGGCTGTCACTGGTGT19 258 (d)
R:GAGGAAGCAGGGCTGGAGCTT19

15 150+ F:TGCCCATGCTCTGTGTGTATTG19 232 (e)
R:CGGCCCAGCAGCGCCTTGATC19
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base composition. This was considered neces-
sary as (1) many fragments were of unsuitable
size for SSCP analysis and (2) the intronic
sequence surrounding all SCN5A exons was
completely unknown with the exception of the
splice junctions which were determined previ-
ously.22 Twelve new primers yielding smaller
PCR amplicons were designed for exons 2, 7,
8, 14, 16, 23, 25, and 28 while exons 12, 16, 17,
and 28 were subdivided into several PCR
products because of their large size. For
KCNE1 and KCNE2, existing primer sets were
used for the amplification of the whole coding

region of these genes which is contained in a
single exon.16 19 However, we reduced the
number of PCR fragments needed from three
to two. For KCNE1, the two amplified
fragments correspond to fragments 1 and 2
(264 and 231 bp respectively) reported by
Splawski et al.19 These completely cover the
coding region of this gene and therefore there
was no need for a third fragment. With regard
to KCNE2, we combined the forward primer
from fragment 1 and the reverse primer from
fragment 2 quoted by Abbott et al16 to create a
new PCR amplicon of 293 bp. A second PCR

Table 3 Amplification conditions, primers, and sizes of PCR products for SCN5A coding region. PCR programmes (a-g)
are given in Methods. The value following programme (a) indicates the annealing temperature for each PCR amplicon.
Primers were taken from Wang et al,22 except those with an asterisk which were redesigned

Exon Size (bp) Primers
PCR fragment
(bp)

PCR
programme

Special
conditions

2 324 F:CCAGAAGCAGGATGAGAA* 329 (b)
R:AGAAGGGTAGGCAGGGCT*

3 117 F:AGTCCAAGGGCTCTGAGCCAA 227 (b)
R:GGTACTCAGCAGGTATTAACTGCAA

4 89 F:GGTAGCACTGTCCTGGCAGTGAT 294 (b)
R:CCTGGACTCAAGTCCCCCTTC

5 128 F:TCACTCCACGTAAGGAACCTG 324 (c)
R:ATGTGGACTGCAGGGAGGAAGC

6 91 F:CCTTTCCTCCTCTCACTGTCTGT 281 (c)
R:GGTATTCTGGTGACAGGCACATTC

7 230 F:TGACCCCGTGCTTGTTCTTGCCT* 307 (a) 64°C
R:GTCTGCGGTCTCACAAAGTCTTC

8 63 F:CCTGGATGCAAGGCGGAAACT* 180 (b)
R:GGAGACTCCCCTGGCAGGACAA

9 141 F:GGGAGACAAGTCCAGCCCAGCAA 262 (b)
R:AGCCCACACTTGCTGTCCCTTG

10 198 F:ACTTGGAAATGCCCTCACCCAGA 327 (c) 2.0 mmol/l
R:CACCTATAGGCACCATCAGTCAG MgCl2

11 178 F:AAACGTCCGTTCCTCCACTCT 227 (b)
R:AACCCACAGCTGGGATTACCATT

12 371 F:GCCAGTGGCTCAAAAGACAGGCT 280 (b)
R:CCTGGGCACTGGTCCGGCGCA
F:CACCACACATCACTGCTGGTGC 286 (b)
R:GGAACTGCTGATCAGTTTGGGAGA

13 132 F:CCCTTTTCCCCAGCTGACGCAAA 282 (b)
R:GTCTAAAGCAGGCCAAGACAAATG

14 238 F:AACTAACTCATTGGCTGTCC* 295 (d) 2.5 mmol/l
R:CATTTGAGAGCCAGCTGCAG* MgCl2

15 173 F:CTTTCCTATCCCAAACAATACCT 247 (c)
R:CCCCACCATCCCCCATGCAGT

16 350 F:GAGCCAGAGACCTTCACAAGGTCCCCT 267 (a) 64°C
R:TGAAAGAAGTCCATCATGTGCCAGCGA*
F:AACTACTCGGAGCTGAGGGA* 211 (e)
R:CCCTTGCCACTTACCACAAG

17 440 F:GGGACTGGATGGCTTGGCATGGT 306 (b)
R:CGGGGAGTAGGGGGTGGCAATG
F:GCCCAGGGCCAGCTGCCCAGCT 283 (c)
R:CTGTATATGTAGGTGCCTTATACATG

18 161 F: AGGGTCTAAACCCCCAGGGTCA 280 (b)
R:CCCAGCTGGCTTCAGGGACAAA

19 120 F:GAGGCCAAAGGCTGCTACTCAG 245 (b)
R:CCTGTCCCCTCTGGGTGGAACT

20 154 F:ACAGGCCCTGAGGTGGGCCTGA 287 (b)
R:TGACCTGACTTTCCAGCTGGAGA

21 173 F:TCCAGGCTTCATGTCCACCTGTCT 268 (b)
R:TCTCCCGCACCGGCAATGGT

22 121 F:AGTGGGGAGCTGTTCCCATCCT 216 (b)
R:GGACCGCCTCCCACTCC

23 282 F:AGGAACTGAGCCACTTCTCT* 343 (e)
R:AGGAAGGAAGTCCCTTCTCT*

24 53 F:CTCAAGCGAGGTACAGAATTAAATGA 202 (b)
R:GGGCTTTCAGATGCAGACACTGAT

25 137 F:GCCTGTCTGATCTCCCTGTGTGA 265 (b)
R:AGATGGGACCTGGAGCCTGAGTG*

26 104 F:CCATGCTGGGGCCTCTGAGAAC 249 (b)
R:GGCTCTGATGGCTGGCCATGTG

27 270 F:CCCAGCGAGCACTTTCCATTTG 337 (b)
R:GCTTCTCCGTCCAGCTGACTTGTA

28 3257 F:ACCAGTAGCCACAGTCTCTGTTG* 334 (a) 64°C
R:GAAGAGGCACAGCATGCTGTTGG
F:AAGTGGGAGGCTGGCATCGAC 301 (b)
R:GTGCTCTCCTCCGTGGCCACGC
F:GAGCCCAGCCGTGGGCATCCT 309 (b)
R:GTCCCCACTCACCATGGGCAG
F:CCAACCAGATAAGCCTCATCAACA 308 (b)
R:CCGCCTGCTGACGGAAGAGGA
F:TGCTGCAACGCTCTTTGAAGCAT 346 (b)
R:AAAGGCTGCTTTTCAGTGTGTCCT
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amplicon was produced with the primers which
Abbott et al16 used for fragment 3 in their study
(213 bp).

SSCP analysis using the methods described
earlier produced clear bands for all PCR
amplicons. In many cases, depending on their
size, PCR products of two or more exons were
loaded onto the same lane and resolved simul-
taneously on an SSCP gel, for example,
KCNQ1 exons 2, 11, and 15 or SCN5A exons
11, 12, and 15.

A number of samples from sudden death
cases and controls (healthy unrelated subjects)
were used to evaluate the eYciency of our
methods. SSCP analysis of over 60 samples for
KCNQ1, KCNE1, and KCNE2 identified six
polymorphisms in the first two genes. These
were 1086 C>A V308V, 1638 G>A S546S,
and 1986 C>T Y642Y in KCNQ1 and 84 G>A
S29S, 112 G>A S38G, and 253 G>A D85N in
KCNE1. No base changes were identified in
KCNE2.

Discussion
In this study we produced a robust and repro-
ducible set of primers for PCR/SSCP analysis
of all five genes involved in the long QT
syndrome. We also defined the exact PCR con-
ditions for a successful amplification of every
PCR fragment, which allows eVective muta-
tional analysis of the five known LQT genes. In
particular, for KCNQ1 and HERG we based
our analysis on primers published in two previ-
ous studies, Splawski et al19 and Itoh et al,23

respectively. However, PCR conditions for a
number of fragments had to be optimised, as in
our experience some PCR products amplified
poorly under the original conditions. In
addition, new primers were needed for
KCNQ1 exons 9, 13, and 15. Based on the
details given in table 1, all KCNQ1 exons can
now be amplified without the use of forma-
mide. Using our PCR methods, mutation
screening of HERG can be achieved by ampli-
fying only 19 fragments compared to 2019 and
24.23 This was made possible by recombining
existing primers in a more eVective way and
then optimising PCR conditions for each frag-
ment. For example, HERG exon 6 can be
amplified in two fragments instead of three as
used by Itoh et al23 and there is no need for
nested primers for exons 1 and 11 of the same
gene.19

Genomic organisation and sequence of the
SCN5A gene were first reported by Wang et
al.22 In that study a total of 41 primer pairs were
used to determine the sequence of 28 exons by
direct sequencing. Several studies have since
used those primers for mutational analysis of
some SCN5A exons by SSCP.25–27 However, a
number of PCR fragments are too large for
eVective SSCP analysis and contain long
intronic sequences of unknown composition.
Using the original set of primers, we sequenced
all SCN5A exons and then produced several
new PCR fragments suitable for SSCP analy-
sis. For amplifying KCNE1 and KCNE2
fragments, no changes were made to the
published PCR methods as they were found to
work well. However, we recombined the
existing primers in a way that permits amplifi-
cation of the entire coding region of these genes
in two fragments instead of the three used in
previous studies.16 19

PCR products were analysed on SSCP gels
by combining more than one fragment in each
lane. In that way a large number of fragments
can be screened on the same gel in various
combinations depending on their electro-
phoretic mobility, thus reducing the number of
gels needed for mutational screening. Evalua-
tion of our system using DNA samples from
sudden death cases and controls detected four
known polymorphisms and two novel changes
in KCNQ1 and KCNE1. In the first gene we
found two SNPs at amino acid positions 546
and 64228 and a novel one at position 308. On
the other hand, in KCNE1 we report a novel
SNP (84 G>A S29S) and two known polymor-
phisms at positions 38 and 85.29 30 Owing to the
nature of these two novel changes, we speculate
that they may be benign polymorphisms even
though they were not observed in 40 controls
analysed. These findings provide good evi-
dence that the methods described in this study,
considering their limitations, can be eVective
for screening the known LQT genes for muta-
tions.

This work was supported by grant No PG/99067 from the Brit-
ish Heart Foundation (BHF). P Syrris and W M McKenna are
funded by the British Heart Foundation and A Murray is sup-
ported by the Conor Power Foundation.
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Triplication of several PAR1 genes and part of the
Homo sapiens specific Yp11.2/Xq21.3 region of
homology in a 46,X,t(X;Y)(p22.33;p11.2) male
with schizophrenia
Norman L J Ross, Jian Yang, Carole A Sargent, Catherine A Boucher, Shinichiro Nanko,
Rekha Wadekar, Nic A Williams, Nabeel A AVara, Timothy J Crow

EDITOR—There have been a number of claims
for linkage to schizophrenia but none has been
reliably established. The findings of genome
scans have been inconsistent between stud-
ies.1 2 On the basis of an association of
psychosis with sex chromosome aneuploidies
and a relationship between sex and diagnosis
within families (the “same sex concordance”
eVect), a gene for psychosis in a region of X-Y
homology was suggested.3 4 In addition, there

is an argument that psychosis is related to
cerebral asymmetry, a putative defining fea-
ture of the human brain, and that a determi-
nant of asymmetry is in the X-Y homologous
class.4 Searches for linkage on the X
chromosome have yielded weak evidence for
linkage in Xp115 and on the proximal long
arm,6–8 but, arguably, these findings have been
no more consistent than those on the auto-
somes.9
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In the absence of consistent linkage, one
approach to finding genes associated with psy-
chosis is through analysis of cytogenetic
anomalies. One such anomaly is the case of an
XX male with schizophrenia.10 11 In general,
XX maleness is the result of the transfer of the
testis determining factor (SRY) to the X chro-
mosome12 as a result of an abnormal X-Y
interchange involving the non-recombining
region of Yp and homologous sequences in
Xp.13 14 We showed previously that the break-
point on the Y in this case is within the distal
Yp11.2/Xq21.3 region of homology.8

In this study we have characterised the Y
breakpoint using a sequencing approach and
fluorescence in situ hybridisation (FISH). We
have shown that the abnormal X-Y interchange
occurred between retroviral long terminal
repeats (LTR). This is distinct from previously
described translocations, which frequently in-
volve hot spots such as the protein kinase gene
PRK that has homologues on both Yp and
Xp.15 16 Cloning of the Yp/Xp junction frag-
ment allowed the development of an X specific
STS for radiation hybrid mapping, which
places the X chromosome breakpoint within
the PAR1. The breakpoint on the X chromo-
some is unusual in this category of XX male
patients, as most occur proximal to the
pseudoautosomal boundary (PABX). Only one
breakpoint within PAR1 has previously been
reported,17 and in this patient the translocation
is mediated through an Alu-Alu recombination
and the Y breakpoint is also within the Yp11.2
region of homology with Xq21.3, but is located
telomeric to that in the present case. Unfortu-
nately, no details of the psychiatric phenotype
in that case are available (D C Page, personal
communication).

Materials and methods
PATIENT

The XX male patient investigated in this study
is Japanese and has been described previ-
ously.10 11 There was no family history of men-
tal illness. He married but has no children. He
was admitted to hospital with a diagnosis of
schizophrenia but showed little response to
neuroleptic medication. After a second admis-
sion, he remained in hospital for 30 years with
chronic delusions. He was of dull normal intel-
ligence (full scale WAIS 72, verbal IQ 68, per-
formance IQ 75) with blunted aVect. His
symptoms satisfy the DSM-III-R criteria for
the diagnosis of schizophrenia. Cytogenetic
studies showed a 46,XX karyotype. No family
history of psychosis was noted and no material
was available from other family members.

CELL LINE

Lymphocytes from the patient transformed
with Epstein Barr virus (EBV) were the source
of genomic DNA and of metaphase chromo-
somes. The transformed cells were cultured in
RPM1640 medium supplemented with 10%
fetal calf serum (FCS).

EXTRACTION OF GENOMIC DNA

DNA was extracted from transformed lym-
phocytes using Genomix kits (Talent/VH Bio,

Newcastle Upon Tyne, UK) according to the
manufacturer’s instructions. DNA obtained
from the blood of normal Japanese males and
females served as controls.

PCR AMPLIFICATION OF SEQUENCE TAGGED SITES

(STS)
Twenty µl reactions containing 100 ng of
genomic DNA, 12 pmol of each primer, 0.2
mmol/l of each dNTP, 0.4 U of Taq polymerase
(Promega Inc), and 1 × PCR buVer (Promega
Inc) were amplified using a thermocycler
(Genetic Research Instrument) as follows.
After an initial denaturation step at 94°C for
five minutes, samples were subjected to 35
cycles for 30 seconds at 94°C, 30 seconds at
55°C, one minute at 72°C, followed by a final
step for 10 minutes at 72°C. The annealing
temperature varied depending on the Tm of
the primers. Products were analysed by electro-
phoresis on 1-2% agarose gels.

DNA SEQUENCING

PCR amplification of STSs were scaled up two
to threefold and the products were purified
using Qiaquick PCR purification kits (Qiagen
Ltd, UK). The purified products were se-
quenced using dye terminator cycle sequencing
(Big Dye sequencing system, Applied Biosys-
tems Inc) and were analysed by an ABI 373
sequencer (Applied Biosystems Inc). Sequenc-
ing of the cloned 3 kb Yp/Xp junction fragment
was carried out in a stepwise manner by primer
extension initiated from both T7 and Sp6 ends
of the cloning vector.

BAC AND PAC CLONES

BAC clones derived from the Yp region
homologous to Xq21.3 were gifts from Dr
Gareth Howell (Sanger Centre). PAC clones
were isolated from the RPCI-1 library (avail-
able through the HGMP resource centre,
Hinxton) by screening with X/Y homologous
STS primer pairs.18–20

Transformed bacteria were cultured in
L-broth containing chloramphenicol or kana-
mycin as appropriate and DNA was extracted
using an alkaline lysis method.21 Clones were
tested for the presence of STSs to confirm that
they were authentic. DNA from clones selected
for in situ hybridisation were purified using
Qiagen Midi columns (Qiagen Ltd, UK).

PCR PRIMERS

Primers for amplification of STSs have been
described previously.18–20 Other primers were as
follows: J: 5' CAGCAACATGTATTGAAA
ATAC; M: 5' TCTGCTGCCTGCCCCTGA;
N: 5'GGCAGCATTGCCGCAAAC; O:
5'AGTCAGAGTAATGAGGCCTCTC; P: 5'
GAGAAGAAAGAATGGGGAGGAT; AC: 5'
CTATGACTGGACGTGCACATAG. AP: 5'
TCCCTATATCTCCCGTGT; AR 5' ACGT-
GCGAACTGGTACAT.

Primers J and M are Y specific at their 3' ends.
They were designed by comparing the sequence
of the relevant part of Yp (from PAC clone
dJ145K17 and GenBank entry AC012077) with
the Xq21.3 homologous sequence (AL121823
from the Sanger Centre). Primers N, O, and P
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were designed from the Yp sequence. Forward
(F) and reverse (R) primers for amplifying the
fragment spanning the Tsp509I restriction en-
zyme sites in Yp were 5'ACTGTCTTCTC-
CCCAATGAA and 5' GTGATTGGGT-
CAAAGTGGCT, respectively.

INVERSE PCR

Five µg amounts of genomic DNA from the
XX male, a normal Japanese male, and a
normal Japanese female were digested to com-
pletion with BamHI at 37°C overnight. The
digested DNA was extracted with phenol/
chloroform, chloroform, precipitated with
ethanol in the presence of 0.3 mol/l sodium
acetate, and resuspended in water. A total of
200 ng of digested DNA were self-ligated over-
night at 4°C in a 40 µl reaction containing 1 ×
ligase buVer (Promega) and 0.15 U T4 ligase
(Gibco). Ligated preparations were denatured
at 94°C for five minutes and quenched on ice
before use in PCR reactions. Approximately 20
ng of ligated DNA were the templates for the
first round of inverse PCR using the Extensor
High Fidelity PCR kit (Advanced Biotechnolo-
gies), according to the manufacturer’s instruc-
tions. Fifty µl reactions containing 1 × buVer 1,
350 µmol/l of each dNTP, 1.75 mmol/l MgCl2,
and 2 U of Taq polymerase were subjected to
35 cycles of amplification. Cycling parameters
were as follows: an initial denaturation step at
94°C for two minutes, followed by 35 cycles of
94°C for 15 seconds, 66°C for 30 seconds,
68°C for five minutes, and a final extension
step at 72°C for five minutes.

Primers J and P were used for the first round
of inverse PCR and a secondary PCR was car-
ried out with primers J and O essentially as
above using 1/10 dilution of the first PCR
reaction products as template.

CLONING OF THE Yp/Xp JUNCTION FRAGMENT

Inverse PCR products were cloned using the
pGEM TA cloning kit (Promega) according to
the manufacturer’s instructions.

FLUORESCENCE IN SITU HYBRIDISATION (FISH)
BAC and PAC clones containing relevant STS
markers were selected for FISH analysis. Total
BAC and PAC DNA was labelled with biotin
by nick translation (Biotin-nick translation kit,
Boehringer Mannheim). Metaphase chromo-
somes from the patient and normal controls
were hybridised to biotin labelled DNA and
bound DNA was shown using fluorescently
labelled antibiotin antibody according to
standard protocols.22

ANALYSIS OF MICROSATELLITE MARKERS

To refine the breakpoint in Xp22.3, the
number of alleles of a variety of microsatellite
markers mapping in Xp22.3 was estimated in
the XX male and normal Japanese male and
female DNA. Genomic DNA was amplified
through PCR using the relevant primers as
described in the Genbank and Genethon data-
bases. One of each pair of primers was labelled
with cy5 and the PCR products were analysed
in a denaturing polyacrylamide sequencing gel
using the Alf Express sequencer (Pharmacia).

RADIATION HYBRID MAPPING

The STS BPX, developed from the X specific
region of the breakpoint junction fragment
(primers AP and AR), was mapped using the
Genebridge 4 radiation hybrid panel (HGMP
Resource Centre, Hinxton). The pattern of
positive and negative hybrids was converted to
a data vector and submitted to http://www.
sanger.ac.uk/Software/RHserver//RHserver.
shtml for two point RHMAP analysis with
framework markers. The Genemap99 at the
Genbank web page http://www.ncbi.nlm.nih.
gov/genemap99/map.cgi?CHR=X was con-
sulted to identify the map location of these
markers. Vectors for the highest scoring frame-
work markers and their neighbours were
retrieved from EBI at http://corba.ebi.ac.uk/
RHdb/species/HUMAN/gm98.html and re-
analysed with the BPX vector to position BPX
within the radiation hybrid map.

Results
MAPPING THE BREAKPOINT ON THE Y

CHROMOSOME

Since previous studies had indicated that the
breakpoint mapped in the region of Yp11.2
homologous to Xq21.3 (fig 1), further map-
ping of its location required an approach that
could discriminate between homologous se-
quences derived from X and Y chromosomes.
Initial PCR analysis confirmed that the SRY
marker was present in the XX male, the marker
DXYS156 showed the Y specific polymor-
phism, and the Y specific STSs sY58 and sY78
which map outside the X-Y homology region
were not present (not shown). Further experi-
ments involved sequencing STSs in the ge-
nomes of the XX male patient and normal
Japanese males and females. The method
depends on the capacity to detect heterozygos-
ity and assumes that the PCR conditions can
amplify both X and Y derived STSs eYciently.
In the case of GMGXY6, Y specific primers
gave amplification with only the normal male
and the XX male (not shown).

The results of analysis of 22 STSs within the
X-Y homology region are summarised in table
1 and fig 1. A number of cases were
uninformative because there were no diVer-
ences between males and females. The most
proximal Y marker present was GMGXY6Y,
and the first confirmed deleted marker was the
Y homologue of 13d. The distance between
GMGXY6Y and 13d is approximately 500 kb.
To localise the breakpoint within this region
further, PAC and BAC clones selected for the
intervening non-informative STSs were used in
FISH.

FLUORESCENCE IN SITU HYBRIDISATION (FISH)
The results of in situ hybridisation obtained
with the XX male chromosomes are shown in
fig 2. The BAC clone BA32K15 (fig 1)
containing sY41 and sY42 hybridised to the Xq
region of both X chromosomes (arrows 1 and 2
in fig 2A) but also to a second site at the telom-
eric end of the abnormal X chromosome
(arrow 1). Similar results were obtained using
the PAC clone dJ145K17, which spans the
sY42, 13d, and 2450L markers. However, in
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this case, the signal in the abnormal Xp (arrow
1, fig 2B) was fainter than in Xq indicating that
only part of this sequence was present on the
telomere of the abnormal X chromosome.
Finally, the BAC clone BA240N18, which is
centromeric to 13d and contains STS 2450L,
hybridised to Xq of both chromosomes but not
to Xp (fig 2C). These results, together with the
STS analysis discussed above, confirm that the

breakpoint on Yp lies between the markers
sY42 and 13d.

FINE MAPPING OF THE BREAKPOINT BY

RESTRICTION ENZYME ANALYSIS AND Y SPECIFIC

PCR

To map the breakpoint further, we exploited
diVerences between the sequences of Xq21.3
and Yp11.2 in the region spanning 13d and
sY42 to design Y specific primers and primers
that amplify fragments containing restriction
enzyme (RE) sites which diVerentiate between
X and Y. Primers F/R (fig 3B) were designed
to amplify a region containing an RE site dif-
ference between the X and Y chromosomes.
Digestion of PCR product from X derived
DNA with Tsp509I is expected to produce two
fragments of 161 bp and 23 bp, respectively,
whereas only one 184 bp fragment is expected
from Y derived DNA. Fig 4A shows the results
of a Tsp509I digestion of PCR products from
the patient and controls indicating that the XX
male had Y derived sequence in this region.
We further showed that the Y specific primer
M (1940 bp from 13d) (fig 3) and primer N
(1816 bp from 13d) amplified a product of
expected size (124 bp) using normal Japanese
male DNA as template, but failed to amplify
products using normal Japanese female DNA
or the XX male DNA as templates (fig 4B). We
concluded therefore that the breakpoint

Figure 1 (A) Schematic illustration (not to scale) of X and Y chromosomes showing the regions involved in the
transposition. The 3.5 Mb Xq21.3/Yp11.2 region of homology comprising STS markers sY20 to GXY5 is indicated (black
box). Grey box represents the pseudoautosomal regions (PAR1) of X and Y. Dark grey box indicates the male specific gene
SRY. (B) Map of Yp showing selected STS markers within the 3.5 Mb region homologous to Xq21.3.23 Arrow indicates
the location of the breakpoint (Bkpt) between 13d and sY42 markers in the abnormal paternal X chromosome of the XX
male with psychosis. GMGXY4, GMGXY5, GMGXY6, GMGXY9, and GMGXY12 have been abbreviated. (C)
Enlargement of part of Yp11.2 showing the location of BAC and PAC clones used for FISH.

Xp22.33

Xq21.3
sY20
GXY5

SRY sY20
GXY5 Yp11.2

3.5 Mb
Xq21.3/Yp11.2

homology

ZFY

sy21

SRY

sY20

sY22

sY27

sY31

sY29

sY33

sY35

sY37

sY39

sY41

sY45

sY47
sY49
sY51
sY52

13d

GXY4

GXY12

sy24

GXY7

sy23
sy25

sY26

sy28

sY32

sY30

sY34

sY36

sY38

sY40

sY42

sY43

sy50
sY44
sY46
sY48
GXY9
GXY5

GXY6

Bkpt

PAR1
Yp

Tel

A B C

X Y

sY40

sY41 BA32K15

dJ145K17

BA240N18

sY42

2450L

sY43

13d

Table 1 Analysis of STSs in genomic DNA of the XX
male patient

STS Chromosomal origin Remarks

sY22 X and Y
sY23 Uninformative
sY24 X and Y
sY25 Uninformative
sY26 Uninformative
sY27 X and Y
sY29 X and Y
sY33 X and Y
sY34 X and Y
sY37 X and Y
sY39 X and Y
GXY6 X and Y
sY40 Uninformative
sY41 Uninformative
sY42 Uninformative
13d X only
sY43 X only
sY44 X only
sY47 Uninformative
sY46 X only
sY48 X only
sY52 X only
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mapped within the region defined by the X
specific Tsp509I RE site and primer M.

THE JUNCTION FRAGMENT

Inverse PCR and cloning of the Yp-Xp junction
fragment
To isolate the junction between Yp and Xp,
nested inverse PCR was performed. Genomic
DNA was digested with BamHI, religated at
low concentration, and used as template for
inverse PCR. Primer locations are indicated in
fig 3. Primers J (designed to be Y specific at its
3' end) and primer P were used for the first
round of PCR and primers J and O for the sec-
ondary PCR. The results of the secondary
PCR with primers J and O are shown in fig 4C.
A major unique fragment (approximately 3 kb)
was obtained from the XX male DNA but not
from normal Japanese male and female DNA.
This fragment was gel purified and cloned. Ten
recombinant clones with an insert of expected
size were sequenced from both ends. Three
clones contained the expected ends as shown
by the presence of primers J and O in the
sequence and a BamHI site at the expected
distance from primer O.

The complete sequence of the junction frag-
ment from one of the clones (clone 10) is
shown in fig 5. The sequence 3' of the J primer
contains nucleotides (position 23-339 inclu-
sive) present in Yp11.2 but not in Xq21.3, that
is, the sequence is 100% Y derived. From posi-
tion 551 onward, there are a number of single
or double nucleotides which are neither
Xq21.3 nor Yp11.2 derived. We believe that
this indicates the presence of Xp derived
sequences. Consequently, the breakpoint on
the Y chromosome has occurred within the
region 340-550 bp. This is consistent with and
extends our independent data (fig 4A) which
indicated a diVerence in a RE site for Tsp509I
in the XX male that also occurred in the Yp
sequence, but not the sequence from Xq21.3.
Thus, fig 5 shows the sequence GATT at posi-
tion 223 in the XX male, also found in Yp11.2,
whereas the Xq21.3 derived sequence has the
Tsp509I RE site AATT at this point. This is
also consistent with results shown in fig 4B
which showed the absence of Y specific
sequence at the primer M site in the XX male.
Thus, at position 665, the XX male sequence
has a G instead of A at the 3' end of the primer
and a C instead of G at the fourth nucleotide
from its 5' end. Primer O is at the expected dis-
tance from the BamHI site (deduced from the
sequence of Yp).

To confirm that the cloned fragment indeed
spanned the Yp-Xp junction, a PCR was
carried out using primer J and primer AC
which is located within the putative Xp region.
Fig 4D1 shows that a product of expected size
(800 bp) was amplified using the XX male
genomic DNA as template but not normal
Japanese male and female DNA controls. The
results show that the fragment is a unique
sequence present only in the XX male. A
second set of primers confirmed this result (not
shown). A control for the DNA template
amplification is shown in fig 4D2.

Analysis of the sequence of the junction fragment
Most of the 2975 bp sequence consists of LTR
and LINE repeats. Clearly these must have
been involved in the abnormal recombination
between Yp and Xp during meiosis, forming
the abnormal paternal X of the XX male

Figure 3 (A) Sketch of part of Yp showing the location of primers and the relevant
restriction enzyme Tsp509I (Tsp) sites (not to scale). (B) Sketch of the Yp/Xp junction
showing the location of the breakpoint, relevant Tsp509I (Tsp) sites, and primers J and AC
which were used to amplify a unique fragment in the XX male. Note presence of two
Tsp509I RE sites 184 bp apart in Yp within the sequence flanked by F and R primers.

Breakpoint

Breakpoint

TspTsp

Tsp Tsp

Xp

NO MJ
P

RF

J AC

210 bp 296 bp

1940 bp

2370 bp

6000 bp

95 bp
223 bp

184 bp

15886 2390 13d

Abnormal X
of XX male

BamHI BamHI

Yp

A

B

Figure 2 Results of FISH with clones BA32K15 (A), dJ145K17 (B), and BA240N18 (C) on metaphase chromosomes of the XX male. Arrows 1 and
2 indicate abnormal paternal X chromosome and normal maternal chromosome respectively. Four yellow dots on the abnormal chromosome in (A, arrow
1) show that sY41-sY42 sequences are present in the terminal part of Xp as well as Xq, whereas the normal chromosome (A, arrow 2) shows only two dots
in Xq. Fainter dots in Xp compared to Xq in (B, arrow 1) indicate that only part of the sequence between markers sY42 and 2450L was translocated to
Xp. Absence of dots in Xp in (C) indicate that the sequence translocated to Xp did not include the marker 2450L.
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patient. Since these repeats share extensive
sequence identity, it is diYcult to map the
breakpoint exactly. However, it was possible to
identify LTR sequences which contained
nucleotides present in Yp but not Xq21.3 and
nucleotides that were neither Yp nor Xq21.3
derived. Part of the sequence (which did not
consist entirely of repeat elements) contained
14 CpG dinucleotides in a 270 bp region which
showed 97% identity with a CpG island
sequence (Genbank Accession Z57539). This
is of interest since it suggests that there could
be genes in Xp downstream of the breakpoint
that might be aVected by the Yp translocation.

To date we have not found convincing iden-
tity between the sequence 3' of the breakpoint
and sequences in Xp as a whole or Xp22.3 in
particular. However, sequencing of this region

by the Human Genome Project is not yet com-
plete. Database searches for identity are further
complicated because of the presence of LTR
repeat sequences in many chromosomes.

MAPPING THE BREAKPOINT ON THE X

CHROMOSOME

Microsatellite markers
In an attempt to map the breakpoint on
Xp22.3, we analysed the number of alleles for
microsatellite markers in the genome of the
patient. The results showed that the patient has
two alleles for DXS6807 indicating that the
breakpoint is distal to this marker. Analysis of
markers DXS1233, DXS7100, DXS1060,
DXS987, and the PAR1 markers DXYS228
and DXYS233 were uninformative. Fig 6
shows the chromosome rearrangement and the

Figure 4 (A) Results of Tsp509I digestion of PCR product obtained with primers F and R (see fig 3) showing that the
XX male patient has a male genotype at this point. (B) Results of a PCR with primers M and N (see fig 3) showing
amplification of the expected size product (124 bp) from a normal Japanese male but not from a normal Japanese female
or the XX male. Since primer M is Y specific at its 3' end, the results indicate that the XX male does not have Yp derived
sequence at this point. (C) Results of a PCR with primers J and O (see fig 3) showing amplification of a unique major 3
kb band in the XX male. This is the secondary PCR subsequent to inverse PCR with primers J and P. (D1). Results of a
PCR showing that primers J and AC amplify a fragment of expected size (800 bp) in the XX male but not in normal
Japanese males and females. This confirms that the fragment is unique and spans the Yp/Xp junction in the XX male.
(D2) Results of a PCR using sY46 primers as a control confirmed that all three genomic DNAs could be amplified and
generated the expected 200 bp product.
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position of the breakpoints in this patient rela-
tive to markers, genes, and previously de-
scribed structural abnormalities of Xp22.3.

Radiation hybrid mapping
The STS BPX was used to amplify the Gene-
bridge 4 radiation hybrid panel. The expected

Figure 5 Multiple alignment of part of the sequence of the 3 kb Yp/Xp junction fragment and homologous sequences in
Yp11.2 and Xq21.3 showing that the XX male has 100% Y specific sequences for the first 339 bases but the sequence
diVers from Xq21.3 and Yp sequences from position 551. We expect the sequences from position 551 onwards to be Xp22.3
derived. The breakpoint is estimated to be within the region 340-550 (bold and underlined). The sequence of the rest of the
junction fragment extending from 1001 to 2974 is shown in the lower part of the figure. A CpG island consisting of 13 CpG
(bold) is underlined. Sequences which do not contain LTR repeats (underlined and italics) were used to design primers
AP/AR for radiation hybrid mapping. PCR primers, the BamHI RE site, and relevant Tsp509I RE sites are indicated. The
filled circle indicates loss of a Tsp509I RE site in Yp11.2 and in the XX male DNA. The sequence of the junction fragment
extending from primer J to the BamHI RE site has been submitted to EMBL (Accession number AJ309278).

XX male:
Yp11.2

Primer J

20 40 60
Tsp

80 100

Xq21.3
:
:

CAGCAACATGTATTGAAAATACTGTCTTCTCCCCAATGAATATTCTTAGTGCCTTTGTCAAAAATTAGTTCACTGTAGGTCTGTGGATTTGTATATGGGT
....................................................................................................
.....................T......................................................................T.......

Primer AC

Primer AR

Primer O

XX male:
Yp11.2

120 140 160 180 200

Xq21.3
:
:

TCTCTATTCTTTTCTACAGATCTATGTGTAGGGAAAAGAAAGAGAGATCAGACTGTTACTGTGTCTATGTAGAAAGCGAAGACATAAGAGACTCCATTTT
....................................................................................................
....................................................................................................

XX male:
Yp11.2

220 240 260
Tsp

280 300

Xq21.3
:
:

GAAAAATACCTGTACTTTAAATGATTGCTTTGCTGAGATGTTGTTAATTTGTAGCTTTGCCCCAGCCACTTTGACCCAATCACTTTGACCCAACCTGGAG
....................................................................................................
......................A........................................................C....................

Tsp

XX male:
Yp11.2

320 340 360 380 400

Xq21.3
:
:

CTCACAAAAACATGTGTTGTATGAAATCAAGATTTAAGGGATCTAGGGCTGTGCAGGACATGCCTTGTTAACAAAATGTTTACAAGCAGTATACCTGGTA
....................................................................................................
......................................A.............................................................

XX male:
Yp11.2

420 440 460 480 500

Xq21.3
:
:

AAAGTCATCGCCATTCTCTAGTCTTAATAAACCAGGGGCACAGTGCACTGCGGAAAGCCGCAGGGACCTCTGCCCTTGAAAGCTGGGTATTGTCCAAGGT
....................................................................................................
....................................................................................................

XX male:
Yp11.2

520 540 560 580 600

Xq21.3
:
:

TTCTCCCCATGTGATAGTCTGAAATATGGCCTCGTGGGATGAGAAAGACCCGACCGTCCCCCAGCCCGACACCCGTAAAGGGTCTGTGCTGAGGTGGATT
..................................................T.........................................A.......
..................................................T...A.....................................A.......

XX male:
Yp11.2

620 640 660 680 700

Xq21.3
:
:

GGTAAAAGAGGAAAGCCTCTTGCACTTGAGATAGAGGAAAGCCACTGTCTCCTGCCTGCCCCTGGGAACTGAACGTCTCGGTATAAAACCCGATTGTACA
A.................................................G.............A........T................T.........
A.....................T...................................A..............T................T.........

XX male:
Yp11.2

720 740 760 780 800

Xq21.3
:
:

TTTGTTCAATTCTGAGATCGGAGAAAAACCGCCCTATGGTGGGAGGCCAGACATGTTTGCAGTAATGCTGCTTTGTTATTCTTTACTCCACTGAGATATT
........G.........AA..........A...............TG............G.C........C................TG.......G..
........G.........AA..........A...............TG............G.C........C.............T...........G..

XX male:
Yp11.2

820 840 860 880 900

Xq21.3
:
:

TGGGTGGAGAGAAACATAAATCTGGCCTATGTGCACGTCCAGTCATAGTACCTTCCCTTGAACCTAATTATGACATAGATTCTTTTGCTCACATGTTTGT
........A.................T..C..A..............................T..........G........A................
..........................T..C..A..............................T...................A................

XX male:
Yp11.2

920 940 960 980 1000

Xq21.3
:
:

TGCTGACCTTCTCCTTATTATCACCCAGCTCTCCTACTACATTCCTTTTTGCTGAAATAATGAAAATAATAATCAATAAAAACTGAGGGAACTCAGAGGC
..................G.......T..C.......G............A...............................................A.
..........................T..C....................A.............G.................................A.

XX male:
1001

(Continued):
CGGTGCCGGTGCAGGTCCTTGGTATGCTGAGCGCTGGTCCCCTGGGCCCACTGTTGATTCTCTATACTTTGTCTCTGTGTTTTATTTCTCTTTC 1094

TCAGTCTCTCGTCCCACCCGACTGGAAATACCCACAGGTGTGGAGGGGCAGGCCACCCCTTCACTGAGGGAAGAGAGAGACCCTCTCATATTGTTTTATG 1194

TTGTTTTATACTCATTACCTGTTTTAAGAAAAACAGCAGGAAGTGAGATCAAAGACAGGCAGCCCGGCGCCAGGCCCGATACCAGGTCTGTGTCTGCCGG 1294

CCCTAAACCCAGTAGTTAAAACTCAACTCATAACTTAGAAACCGATGTTATTCATAGATTCCAGACGTCGTATAGAAGAACACTGCGAAACTCCCTGCCC 1394

CGTTCTGTTTCTCTCTGACACAGGTGCACGCAGCCCCTGTCACGTACCCCTTGCCCGCTCAAATCAATCACGACCCTTTCATGTAAAATCTTTAGTGTTG 1494

TGAGCCCTTAAAAAGGGACAGAAATTGTGCATTTGGAGAGCCGGGATTTTAAGGCAGTAGCTTCCCGATGCTCCCAGCTGAATAAAGCCCTTCCTTCTAC 1594

AGCTTGGTGTCTGAGAGGTTTTGTCTGAGGCTCGTCCTGCTACATTACTTTTGTGGGTTTTTTTTGTTTTTTTTCCAACTTCTTGCTTTTTCTCTCCTCC 1694

TGTCTTGTGAACTAGGCAAGGTGAGGGGACGATGGCAGCAGGAGGAGTACTGGTCTCCTTCCTTAAGAATATCCCTGGAAACTCTCTTTCCCATCTTGCA 1794

CGATGGCAGGTGAAAAAGTTGAGAAGGCAGATACTAAAGAGAAGAAACCTGAAGCCAAGAAGGCTGATGCTGGTGGCGAGGTGAAAAACCGTCACCTCAA 1894

1994

AGGCCGTGTACAAGAGGAAGTACTCAGCCACTAAATCCAACGTTGAAAAGAAGAAGAAGGAGAAGGTTCTTGCGACCGTTACACAACCAGTTGGCGGTGA

GGCTAAAAGGCCCGAGAAGAGGAAGCCCCATTGCAGCCACAACCGTGTCCTTGTCAGAGGAATTGGCAGGCAATCCCTATATCTCCCGTGTATTCCGGGA

2094

CAAGGACGGAGGTACCCGCGTGGTTAAACTTCGCAAAATGCCTAGGTATTATCCTGAAATGCCTACCCTTGTTTTTACTTTAACTTGTTACTTTGAATAT 2194

TGTTCTGCTTGTCTCTTTAATCACCTAGACCTGCTTCTCATGTAAATGAGACTCTCTCTAGGTGGGAAAGCCGGACAAACTCCAATTGACCACTTAATTT 2294

TCAAGACTCTAAGGGCTCCTCACCCAACCCCCTTTCCTAAGGAGTTGGCCTGGGTAAACAGATCCTCAGCATTTCAAACGAGCCCAATTAACTAATAAGG 2394

TACTGGCACCCACAATGTATGAAGTTCCCCAGGAATTTTCCTCCAAGAGATAACAACATAAAACCTTCAGTTTGTGTCCTGCATAGACCGTATATCTAAT 2494

TATAATGAAAGATTTAGAACCTTGCACCTGCTACCGTTGCTCTTCTTGTCACCATTTGTCTTTTAAGTTGTTTATCACTCTGTAACCCTTTTGATTTTTT 2594

TCATTCTTGCATGTTTTTACTTCTCTAGAATTATTACATTTGAGTCCCCCTCCCCTTCCTAAACCTAGGTATAAAAGTTAATGGAGCCCCTTCCACGTGG 2694

CCAAGAGAATTTTGAGCGTTAGCCGTCTCTTTGGCCGCCGGCTTAATAAAGGACTCTTAATTCGTCTCAAAGTGTGGCGTTCTCACTAACTCGCCTGGGT 2794

ACGACAATCCTACTGAAGATGTACCAGTTCGCACGTGAGAAAACGGCGAGCCAGCATTATGCCCGGGACCATTCGGATCCTTTTCTTCTGGGACAGAAGT 2894

2974GGCTTCCCTTCTCTCCCAGAGTGTGTCTATAAGTGTCCTCTGGCCGCTAGGTCCTGGAAGAGAGGGCTCATTACTCTGACT

Primer AP

BamHI
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product size (862 bp) was amplified from the
human control DNA but not from the mouse
and hamster DNA. The positive and negative
results of the hybrid amplifications were
converted to a vector and submitted to the
Sanger Centre web site for two point RHMAP
analysis. Lod scores of 20.9 and 16.5 were
obtained for the framework markers
AFMa284xc9 and AFMb290xg5, respectively.
Based on the Genebridge 4 radiation hybrid
map, Genemap99, both framework markers
are located in PAR1 with AFMa284xc9 being
more distal. The Genebridge 4 vectors for
these framework markers and their neighbour-
ing markers (stSG28551, sts-F04211,
stSG38742, stSG3076, stSG15779,
stSG25747, stSG21520) were extracted from
the EBI database. Analysis of these vectors
positioned BPX between AFMa284xc9
(DXYS233) and AFMb290xg5 (DXYS228),
with an identical vector to the markers
stSG28551 and sts-F04211 acetylserotonin
N-methyltransferase-like (ASMTL) but distal
to acetylserotonin N-methyltransferase
(ASMT) (fig 6).

Discussion
The paternal X of our patient was the result of
abnormal recombination between Xp and Yp
during male meiosis in an extensive region of
retroviral LTR repeats. These particular re-
peats are in low abundance in the genome and
at least 95% identical between loci on Xp and
Yp. Approximately 4 Mb of Yp, including SRY,
were translocated to Xp22.33 on the abnormal
X chromosome. Single/double nucleotide dif-
ferences between the X and Y in the region of
X-Y homology were exploited to determine the
origin of STS markers in the XX male by
sequencing and restriction enzyme analysis.
These diVerences also allowed the design of
primers for Y specific PCR and inverse PCR,
leading to the cloning and sequencing of the
translocation junction fragment. We were thus
able to map the breakpoint on Yp to within a
210 bp interval (between sY42 and 13d) and
develop a new STS (BPX) from the putative
Xp22.33 derived sequence. The Yp breakpoint
lies within 180 kb of repeats comprising
various LTR and LINE elements, with no
genes yet described within the immediate

Figure 6 Ideogram showing illegitimate recombination between Yp11.2 (black box) and Xp22.33 (grey box) during
paternal meiosis resulting in an abnormal paternal X in the XX male patient. The breakpoint is between sY42 and 13d
markers in Yp11.2 and distal to ASMT in Xp22.33. The region comprising the genes XG to ASMT and probably also
ASMTL is duplicated in the abnormal paternal X and therefore triplicated in diploid cells of the patient. Grey box
represents the pseudoautosomal regions (PAR1) of X and Y. Dark grey box indicates the male specific SRY gene. Black box
indicates Xq21.3/Yp11.2 homology region. Unfilled box shows part of Xp22.3 proximal to PAR1. Relevant markers and
genes are indicated. ASMT: acetylserotonin N-methyltransferase. ASMTL: acetylserotonin N-methyltransferase-like. STS:
steroid sulphatase deficiency. SS: SHOX short stature gene. KAL: Kallmann syndrome gene. Other genes MIC2 and XG
are indicated.
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vicinity. The Xp22.33 STS BPX was mapped
to PAR1 between framework markers
DXYS233 and DXYS228 using the Genebri-
dge 4 radiation hybrid mapping panel. Fine
mapping positioned BPX close to ASMTL and
distal to ASMT.

This is the second patient to be characterised
with a translocation between Yp sequences in
the Xq21.3/Yp homology block and the Xp
PAR1. In the case described previously,17 the
Yp breakpoint was defined just telomeric to
DXYS5 within the Xq21.3/Yp homology
block, and the Xp breakpoint distal to
DXYS28. Thus, this patient17 has a smaller
contribution from Yp, but an additional 1 Mb
from the X chromosome. Both cases are atypi-
cal of (Y+) XX males, as they have triplication
of PAR1 genes, and in this respect are similar to
people with sex chromosome aneuploidies
(XXX and XXY). In contrast to Klinefelter
(XXY) syndrome, our patient, like other XX
males, has stature within the normal female
range. Triplication including PAR1 was also
found in one subject bearing an isodicentric
chromosome derived from Yp24 with mental
retardation and in a male patient with a dupli-
cation of distal Xp25 with autism who also had
severe mental retardation. In contrast, an
atypical XXY subject has been described with a
partial deletion of the short arm of one X chro-
mosome26 without cognitive impairment.
These case reports are consistent with the
hypothesis that triplication of genes in the
proximal part of PAR1 (ASMT, MIC2R,
MIC2, XG, possibly ASMTL, and any as yet
unknown genes) increases the risk of cognitive
impairment. However, the cognitive impair-
ment in our patient is somewhat more severe
than is generally seen in Klinefelter syndrome
in which it is mild and selective to verbal abil-
ity.4 The relationship of cognitive function to
genes in PAR1 therefore remains unclear.

An increased prevalence (two to threefold) of
schizophrenia in Klinefelter syndrome (47,
XXY), 47,XXX, and 47,XYY3 27 and an
increased incidence of sex chromosome aneu-
ploidies in some populations with psychosis
would support the involvement of gene dosage
from regions of homology between the sex
chromosomes in psychosis.28 The patient re-
ported in this study has two regions of the sex
chromosome homology triplicated, the proxi-
mal part of the PAR1 and the distal part of the
Yp11.2/Xq21.3 homology block. The largest
class of Y(+) XX males is the result of illegiti-
mate recombination in hot spots involving the
PRKX/PRKY genes.15 16 The breakpoints in
these patients involve the transfer of material
from the short arm of the Y chromosome
including the Yp block of Xq21.3/Yp11.2
homology to the abnormal X chromosome.
There is no evidence of an increased incidence
of psychosis in such patients. Therefore, it is
unlikely that additional copies of genes nor-
mally found in the Xq21.3/Yp11.2 homology
block contribute directly to a psychotic pheno-
type. Although it is possible that triplication of
proximal PAR1 gene(s) contributes to psycho-
sis in this patient, the fact that most subjects
with supernumerary sex chromosomes do not

suVer from psychosis reflects a more complex
pathogenesis.

The chromosomal rearrangement in the XX
male may aVect gene expression in a number of
ways. First, increased gene dosage may lead to
an abnormally high level of the triplicated gene
products, for example, in PAR1 as noted. Sec-
ond, the rearrangement may disrupt genes or
aVect expression through a position eVect
caused by the juxtapositioning of X and Y
chromosome material. This could lead to
either an up or downregulation of PAR1 or
transferred Yp genes. Third, the rearrange-
ment may alter any established imprint or X
inactivation status of PAR1 or Yp genes. Inves-
tigation of these possibilities in this patient may
indicate which of the triplicated loci are most
likely to be involved in the phenotype.

We are grateful to the UK Medical Research Council, the
Stanley Foundation, SANE, and the Denise Callahan Research
Fellowship for support and to Dr Mark Ross and Dr Gareth
Howell (The Sanger Centre) for advice and for supplying PAC
and BAC clones. We are also grateful to Drs B Gao, M Sun, W
R A Brown, and M H Shen (Biochemistry Department, Oxford
University) for access to their facilities and advice on FISH and
to the MRC funded DNA sequencing facility in the Department
of Biochemistry, Oxford University. We are grateful to Dr L E
DeLisi for help in preserving the cell line. CAS and CAB wish
to acknowledge the support of PIC (the Pig Improvement
Company).

1 Crow TJ, DeLisi LE. The chromosome workshops at the 5th
International Congress of Psychiatric Genetics - the weight
of the evidence from genome scans. Psychiatr Genet
1998;8:59-61.

2 DeLisi LE, Craddock NJ, Detera-Wadleigh S, Foroud T,
Gejman P, Kennedy JL, Lendon C, Macciardi F, McKeon
P, Mynett-Johnson L, Nurnberger JI, Paterson A, Schwab
S, Van Broeckhoven C, Wildenauer D, Crow TJ. Update on
chromosomal locations for psychiatric disorders. Report of
the Interim meeting of chromosome Workshop Chairper-
sons from the VIIth World Congress of Psychiatric Genet-
ics, Monterey, California, 14-18 October 1999. Am J Med
Genet (Neuropsychiatr Genet) 2000;96:434-49.

3 Crow TJ. Sex chromosomes and psychosis. The case for a
pseudoautosomal locus. Br J Psychiatry 1988;153:675-83.

4 Crow TJ. Sexual selection, Machiavellian intelligence, and
the origins of psychosis. Lancet 1993;342:594-8.

5 Dann J, DeLisi LE, Devoto M, Laval S, Nancarrow DJ,
Shields G, Smith A, Loftus J, Peterson P, Vita A, Comazzi
M, Invernizzi G, Levinson DF, Wildenauer D, Mowry BJ,
Collier D, Powell J, Crowe RR, Andreasen NC, Silverman
JM, Mohs RC, Murray RM, Walters MK, Lennon DP,
Hayward NK, Albus M, Lerer B, Maier W, Crow TJ. A
linkage study of schizophrenia to markers within Xp11
near the MAOB gene. Psychiatr Res 1997;70:131-43.

6 Crow TJ, Poulter M, Lofthouse R, Chen G, Shah T, Bass N,
Morganti C, Vita A, Smith C, Boccio-Smith A, Shields G,
DeLisi LE. Male siblings with schizophrenia share alleles at
the androgen receptor above chance expectation. Am J Med
Genet (Neuropsychiatr Genet) 1993;48:159-60.

7 DeLisi LE, Devoto M, Lofthouse R, Poulter M, Smith A,
Shields G, Bass N, Chen G, Vita A, Morganti C, Ott J,
Crow TJ. Search for linkage to schizophrenia on the X and
Y chromosomes. Am J Med Genet (Neuropsychiatr Genet)
1994;54:113-21.

8 Laval SH, Dann JC, Butler RJ, Loftus J, Rue J, Leask SJ,
Bass N, Comazzi M, Vita A, Nanko S, Shaw S, Peterson P,
Shields G, Smith AB, Stewart J, DeLisi LE, Crow TJ. Evi-
dence for linkage to psychosis and cerebral asymmetry
(relative hand skill) on the X chromosome. Am J Med Genet
(Neuropsychiatr Genet)1998;81:420-7.

9 DeLisi LE, Shaw S, Sherrington R, Nanthakumar B, Shields
G, Smith AB, Wellman N, Larach VW, Loftus J, Razi K,
Stewart J, Comazzi M, Vita A, De Hert M, Crow TJ. Fail-
ure to establish linkage on the X chromosome in 301 fami-
lies with schizophrenia or schizoaVective disorder. Am J
Med Genet (Neuropsychiatr Genet) 2000;96:335-41.

10 Nanko S. Schizophrenia-like psychosis in a 46,XX male.
Folia Psychiatr Neurol Jpn 1981;35:461-3.

11 Nanko S. XX males and psychosis. In: Racagni G, Brunello
N, Fukuda T, eds. Biological psychiatry. Amsterdam:
Elsevier, 1991:485-7.

12 Sinclair AH, Berta P, Palmer MS, Hawkins JR, GriYths BL,
Smith MJ, Foster JW, Frischauf AM, Lovell-Badge R,
Goodfellow PN. A gene from the human sex-determining
region encodes a protein with homology to a conserved
DNA-binding motif. Nature 1990;346:240-4.

13 Ferguson-Smith MA. X-Y interchange in the etiology of
true hermaphroditism and of XX Klinefelter’s syndrome.
Lancet 1966;ii:475-6.

14 Page DC, Brown LG, de la Chapelle A. Exchange of termi-
nal portions of X- and Y-chromosomal short arms in
human XX males. Nature 1987;328:437-40.

718 Letters

www.jmedgenet.com

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.38.10.719 on 1 O
ctober 2001. D

ow
nloaded from

 

http://jmg.bmj.com/


15 Weil D, Wang I, Dietrich A, Poustka A, Weissenbach J, Petit
C. Highly homologous loci on the X and Y chromosomes
are hot-spots for ectopic recombinations leading to XX
maleness. Nat Genet 1994;7:414-19.

16 Schiebel K, Winkelmann M, Mertz A, Xu X, Page DC, Weil
D, Petit C, Rappold GA. Abnormal XY interchange
between a novel isolated protein kinase gene, PRKY, and its
homologue, PRKX, accounts for one third of all (Y+) XX
males and (Y-)XY females. Hum Mol Genet 1997;6:1985-9.

17 Rouyer F, Simmler MC, Page DC, Weissenbach J. A sex
chromosome rearrangement in a human XX male caused
by Alu-Alu recombination. Cell 1987;51:417-25.

18 Vollrath D, Foote S, Hilton A, Brown LA, Beer-Romero P,
Bogan JS, Page DC. The human Y chromosome: a
43-interval map based on naturally occurring deletions.
Science 1992;258:52-9.

19 Jones MH, Khwaja OSA, Briggs H, Lambson B, Davey PM,
Chalmers J, Zhou CY, Walker EM, Zhang Y, Todd C,
Ferguson-Smith MA, AVara NA. A set of ninety-seven
overlapping yeast artificial chromosome clones spanning
the human Y chromosome euchromatin. Genomics 1994;
24:266-75.

20 Mumm S, Molini B, Terrell J, Srivastava A, Schlessinger D.
Evolutionary features of the 4-Mb Xq21.3 XY homology
region revealed by a map at 60-kb resolution. Genome Res
1997;7:307-14.

21 Sambrook J, Fritsch EF, Maniatis T. Molecular cloning: a
laboratory manual. Cold Spring Harbor, New York: Cold
Spring Harbor Laboratory Press, 1989.

22 Zheng YL, Ferguson-Smith MA, Warner JP, Ferguson-
Smith ME, Sargent CA, Carter NP. Analysis of chromo-
some 21 copy number in cultured amniocytes by
fluorescence in situ hybridization using a cosmid contig.
Prenat Diagn 1992;12:931-43.

23 Sargent CA, Briggs H, Chalmers IJ, Lambson B, Walker E,
AVara NA. The sequence organization of Yp/proximal Xq
homologous regions of the human sex chromosomes is
highly conserved. Genomics 1996;32:200-9.

24 Chalmers IJ. Molecular analysis of functional variation in the Y
chromosome. PhD Thesis, University of Leeds, 1996.

25 Rao PN, Klinepete K, Stewart W, Hayworth R, Grubs R,
Pettenati MJ. Molecular cytogenetic analysis of a duplica-
tion Xp in a male: further delineation of a possible sex
influencing region on the X chromosome. Hum Genet
1994;94:149-53.

26 Mark HF, Feldman D, Sigman M. Conventional and
molecular cytogenetic identification of a variant Klinefelter
syndrome patient with a deleted X chromosome. Pathobiol-
ogy 1999;67:55-8.

27 DeLisi LE, Friedrich U, Wahlstrom J, Crow TJ. Schizophre-
nia and sex chromosome anomalies. Schizophrenia Bull
1994;20:495-505.

28 Kumra S, Wiggs E, Krasnewich D, Meck J, Smith ACM,
Bedwell J, Fernandez T, Jacobsen LK, Lenane M,
Rapoport JL. Brief report: association of sex chromosome
anomalies with childhood-onset psychotic disorders. J Am
Acad Child Adolesc Psychiatry 1998;37:292-6.

Potential mapping of corneal dermoids to
Xq24-qter

Peer Dar, Ali A Javed, Myrna Ben-Yishay, Jose C Ferreira, Andrew D Paterson,
Susan J Gross, David Chitayat, Bernice E Morrow, Harold M Nitowsky

EDITOR—Corneal dermoids (CND) (MIM
304730) are rare, congenital, benign tumours
involving the cornea. Histologically, the der-
moids consist of a combination of ectodermal
elements including keratinised epithelium,
hair, and sebaceous glands and mesodermal
elements including fibrous tissue, fat, and
blood vessels in diVerent proportions The
tumour is by definition a choristoma since it is
histologically a normal tissue in an abnormal
site. Clinically, these tumours appear as opaci-
fication of the cornea at birth and if untreated
may result in blindness (fig 1). Treatment

includes surgical removal of the tumour with
corneal transplantation. When the tumours
aVect both eyes, surgical intervention is
indicated within the first 3 months of life since
untreated cases may be irreversible by that
time.

Most CND cases are sporadic and unilateral.
However, three hereditary forms associated
with congenital dermoids involving the cornea
have been described. The Goldenhar syn-
drome (oculoauriculovertebral dysplasia, MIM
164210) is a multiple anomaly syndrome that
involves the eyes, ears, and the vertebra.1 The
dermoids are mostly unilateral, originate in the
corneal-scleral border, also known as the
limbus, and rarely aVect the centre of the cor-
nea. Although most cases are sporadic, familial
cases with an autosomal dominant mode of
inheritance have been reported. The second
form with hereditary dermoids of the cornea is
ring dermoids (MIM 180550), an autosomal
dominant condition with isolated dermoids at
the periphery of the cornea at the limbus.2

A third form of congenital dermoids involv-
ing the cornea was initially described by our
institution in a family of Puerto-Rican ances-
try.3 The three aVected males had congenital,
bilateral, and central corneal opacification at
birth and no additional abnormalities.4 The
described pattern of transmission was sugges-
tive of X linked recessive inheritance. To date,
this is the only family described with this
inherited form of CND. Previous eVorts to
localise the gene on the X chromosome using
RFLPs for linkage analysis5 gave a lod score of
2.4 at è=0 with the DXS43pD2 probe atFigure 1 Corneal dermoids as seen immediately after birth in subject IV.8.
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Xp22.2. Here, we report the analysis of the
extended family to establish linkage.

Case reports
Twenty three members of a four generation
family were ascertained in our centre. Clinical
data from the 15 subjects who participated in
the previous linkage study5 were available to us
but blood samples were available for only 10 out
of the 15. II.2 and II.10 declined participation
in the current study. In addition, we studied
seven family members, including three aVected
males, not previously described (IV.2, IV.3,
IV.5-IV.9). This study was approved by the
Albert Einstein College of Medicine Institu-
tional Review Board, in accordance with the
guidelines of the OYce for the Protection from
Research Risks, and informed consent was
obtained before participation (CCI 91-157).

All family members including carriers and
unaVected members underwent full ophthal-
mic examination in our centre and ophthalmic
records and histopathology slides of aVected

males were reviewed. We identified six males
out of 23 family members who were aVected
with congenital corneal dermoids. The 17
unaVected family members did not exhibit any
medical or ophthalmic condition that could be
attributed to or associated with CND. The pat-
tern of transmission is consistent with an X
linked recessive mode of inheritance as indi-
cated by the presence of only aVected men, an
absence of male to male transmission, and
unaVected obligate carrier females (fig 2). In all
cases the dermoids appeared as a bilateral,
superficial, greyish layer with irregular, raised,
whitish plaques and fine blood vessels that cov-
ered the centre of the cornea. The peripheral
border of the cornea was intact in all cases. The
ophthalmic examination of aVected males was
consistent with the previously described exam-
ination of subjects III.8, III.9, and IV.1.3 4

Briefly, ocular examinations showed normal
adnexal structures, eyes were orthophoric to
Hirschberg testing, and eye movements were
conjugate and normal. Schiotz tonometry

Figure 2 Haplotype analysis of the four generation family segregating X linked CD. The at risk haplotype is blackened to show recombinations. Carrier
females are indicated by a black dot within a circle and aVected males are indicated by blackened squares. Unblackened squares and circles without a black
dot denote unaVected males and females not known to be carriers, respectively. Asterisks show subjects who were analysed in the previous report but for
whom blood samples were not available for current linkage analysis.
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ranged from 20 to 22 mmHg bilaterally. Ante-
rior chambers and fundi could not be seen
because of the opacification, but intraopera-
tively were described as normal and clear. The
severity of the disease corresponded with the
length of time from birth to surgical interven-
tion. All aVected subjects had had at least one
corneal transplant. Subjects IV.7 and III.8 had
had four and five operations, respectively, and
both are considered legally blind.

Microscopic examination of aVected corneas
was consistent with a dermis-like tissue. It
showed a highly vascularised, dense, and
irregular collagenous connective tissue in all
cases with sparing of the corneal periphery.
Hair follicles and hair shafts were present in
two cases and sebaceous glands were present in
three. The outer layer of stratified squamous
epithelium was found to be keratinised in three
cases and Bowman’s membrane was absent in
these cases and in one additional case. The two
inner layers, Descemet’s membrane and the
endothelium, were intact in all cases.

A total of 17 subjects were subjected to geno-
type analysis. We initially studied the previously
reported Xp22.2 locus with the DXS43pD2
probe which detects two PvuII alleles of sizes
6.2 and 5.6 kb on a genomic Southern blot6 and
with nine additional microsatellite markers
flanking DXS43pD2 at Xp22.1-p22.3. Briefly,
polymorphic markers and genetic distances
were obtained from the Centre for Medical
Genetics, Marshfield7 and the Genome Data-
base (http:\\gdbwww.gdb.org). For genotyping,
the reverse primers were radiolabelled with
[32P]-ATP, and the PCR product was amplified
under standard reaction conditions.8 The PCR
product was denatured by adding 20 µl of stop
solution containing 5:1 phosphamide:EDTA
and then heating for 10 minutes at 65°C. The
radiolabelled PCR products were separated on
6% acrylamide denaturing sequencing gels,
and alleles were assigned according to their
molecular weight.

Linkage analysis was performed assuming an
X linked recessive mode of inheritance with
complete penetrance and without phenocop-
ies. The frequency of the disease predisposing
allele was set to 0.0001. Marker allele frequen-
cies were estimated from the founders. Disease
marker pairwise linkage analysis was per-
formed using MLINK from LINKAGE v
5.29–11 using a range of recombination fractions.
Linkage analysis for the DXS43pD2 marker

included the results of the five additional
subjects previously studied with this probe, as
the genotyping results and slides were available
to us and could be reviewed and confirmed.
Multipoint linkage analysis was performed
using only markers which are of known order
and intermarker recombination fractions using
data from the Marshfield genetic map7 (http://
www.marshmed.org/genetics/) using LINK-
MAP from LINKAGE v 5.2.9–11 Because of
computational limitations, a “shifting” three
point analysis was performed.12 Analysis of the
previously suggested DXS43pD2 probe
showed two obligatory meiotic recombination
events between the disease locus and the
marker in subjects IV.3 and IV.8 not previously
tested. Analysis of the additional nine markers
flanking DXS43pD2 showed significantly
negative lod scores at è=0.00 and a negative
pattern for linkage at Xp22.1-p22.3 (table 1).
As disclosed from the new haplotypes, the two
point linkage analysis excludes the postulated
XLCD locus on Xp22 as the site for the XLCD
gene in this family. Thereafter, a systematic
genotype analysis was undertaken with 22 mic-
rosatellite markers, separated by 5-20 cM,
spanning the X chromosome. The disease sta-
tus in the X linked CND family came into
phase as markers from the Xq24-qter region
were examined (fig 2). A two point linkage
analysis gave positive lod scores of 2.9 for
DXS102, DXS1232, and DXS8377 at a
recombination fraction of è=0.00 (table 2).
The centromeric boundary was defined by the
marker DXS1001 on Xq24 (approximately 45
cM from the telomere). No meiotic crossovers
were observed with the 10 markers in the
region DXS8057-DXS8377, a ∼38 cM inter-
val. In agreement with the two point linkage
results, multipoint analysis gave a very flat lod
score curve with a maximum of 2.92 over the
non-recombinant interval between DXS1062/
DXS8094 and DXS8028, a ∼25 cM interval
(fig 3).

Discussion
In conclusion, we mapped the gene for CND to
chromosome Xq24-qter, within a ∼45 cM
region, by using haplotype and linkage analy-
ses. Although CND was mapped to a large
interval with six markers with lod scores of
more than 2.8 at è=0.00, our findings re-
emphasise the caution that is required in inter-
preting linkage results in a single family. The

Table 1 Two point lod scores between XLCD and markers flanking DXS43pD2 on Xp22.2

Marker Band*
Position
(Mb)*

Female genetic
map (cM)†

Lod score at è=

Zmax (è)0.00 0.01 0.05 0.10 0.20 0.30 0.40

DXS996 p22.3 5.2 8.8 −∝ −4.60 −1.96 −0.96 −0.17 0.11 0.14 0.14 (0.40)
DXS237 p22.3 8.5 — −∝ −5.62 −2.90 −1.79 −0.80 −0.34 −0.11 −0.11 (0.40)
KAL1 p22.32 9.0 — −∝ −5.13 −2.44 −1.38 −0.49 −0.13 0.00 0.00 (0.00)
DXS8036 — 9.1 23.1 −∝ −2.68 −1.30 −0.74 −0.24 −0.03 0.04 0.04 (0.40)
DXS987 p22 16.3 22.0 −∝ −2.91 −0.99 −0.32 0.10 0.14 0.07 0.14 (0.30)
DXS207 p22.2 16.6 — −∝ −7.24 −3.85 −2.47 −1.22 −0.59 −0.22 −0.22 (0.40)
DXS43 p22.2 17.5 — −∝ −7.30 −3.96 −2.64 −1.51 −0.93 −0.44 −0.44 (0.40)
DXS43pD2‡ p22.2 17.5 — −∝ −1.31 −0.08 0.30 0.44 0.31 0.12 0.44 (0.20)
DXS418 pter-p21 19.6 — −∝ −7.48 −4.04 −2.61 −1.27 −0.59 −0.20 −0.22 (0.40)
DXS1052 p22.1 24.7 32.9 −∝ −6.31 −3.55 −2.40 −1.28 −0.67 −0.27 −0.27 (0.40)

*Obtained from The Genetic Location Database (Collins et al, 1996, http://cedar.genetics.soton.ac.uk/public_html/ldb.html).
†Obtained from Centre for Medical Genetics, Marshfield (Broman et al, 1998, http://www.marshmed.org/genetics/).
‡Lod scores calculated for 22 family members.
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addition of new members to this family and
their inclusion in the study showed two new
recombinations in a locus previously suggested
to be linked to the disorder.

The unique features of the corneal dermoids
in this family were the bilaterality of the
tumours and their localisation in the central
matrix of the cornea while sparing the periph-
ery of the cornea, Descemet’s membrane, and
the endothelial membrane. Since corneal
dermoids are considered to be an aberrant
development of ectopic tissue in the cornea, it
can be speculated that it results from a
mutation in a gene that has a role in the normal
diVerentiation of the matrix component of the
cornea. The interval found to be linked to
CND is currently known to contain 119 genes
of which 38 have protein products with

unknown function or an abnormal function
which has not been implicated in any known
disorder. Examination of the known data
regarding these genes failed to pinpoint any
target gene that may have a role in corneal
development. Since there are no additional
informative recombinations in this interval, the
candidate region cannot be further narrowed
and only additional families with XLCD can
assist in advancing mapping and identification
of the XLCD gene.

Electronic database information. Online Mendelian Inheritance in
Man, OMIM (TM). McKusick-Nathans Institute for Genetic
Medicine, Johns Hopkins University (Baltimore, MD) and
National Center for Biotechnology Information, National
Library of Medicine (Bethesda, MD), 2000. http://
www.ncbi.nlm.nih.gov/omim/. Center for Medical Genetics,
Marshfield, Wisconsin, http://www.marshmed.org/genetics. Ge-
nome database, http://gdbwww.gdb.org The Genetic Location
Database, Collins et al, 1996, http://cedar.genetics.soton.ac.uk/
public_html/ldb.html

A D Paterson is supported by an MRC (Canada) Program
Grant “The Centre for Applied Genomics”.
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+ A four generation family with congenital
corneal dermoids segregating as an X
linked trait was studied.

+ Of 23 family members, bilateral and cen-
tral dermoid tumours of the cornea were
identified at birth in six males.

+ Linkage analysis performed for 17 sub-
jects localised the gene for the disease to
a 45 cM interval distal to DXS1001.
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Satellites on the terminal short arm of chromosome
12 (12ps), inherited through several generations in
three families: a new variant without phenotypic eVect
Lionel Willatt, Andrew J Green, Dorothy Trump

EDITOR—Five of the human autosomes are
acrocentric, chromosomes 13, 14, 15, 21, and
22, and are identified by the presence of satel-
lited short arms. These short arms contain
three bands, p11, p12, and p13,1 and are com-
posed of repetitive DNA containing satellite
repeats and copies of ribosomal RNA genes.
Band p11, the pericentromeric region, is com-
posed of several types of tandemly repeated
DNA including satellites I, II, III, and IV, and
â satellite DNA.2–4 Band p12, the satellite
stalks, contains multiple copies of genes coding
for ribosomal RNA5 and is known as the
nucleolar organiser region (NOR) as the
nucleolus is formed by an aggregation of ribos-
omal RNA. This can be recognised by staining
with silver nitrate (AgNOR staining).6 Band
p13 contains â satellite DNA and terminal
telomeric sequences.2 7

Loss or gain of the short arm of acrocentric
chromosomes occurs without apparent pheno-
typic eVect. For example, Robertsonian translo-
cations occur when two acrocentric chromo-
somes are joined by centric fusion with the
resulting loss of the short arm material and have
no associated phenotype in this euchromatically
balanced form.8 Chromosomal rearrangements
involving the short arms of acrocentric chromo-
somes are a well known form of chromosomal
variation. The most common variation results
from rearrangements between the short arms of
acrocentric chromosomes. Thus, the satellites of
acrocentric chromosomes range in size from no
satellites to double or treble satellites as shown
by AgNOR staining.8 Translocations between
the short arm of an acrocentric chromosome
and the heterochromatic region of the long arm
of the Y chromosome, resulting in acrocentric
chromosomes with Y chromosome heterochro-
matin in place of satellites and satellited Y chro-
mosomes, are also observed.9 10 More rarely,
non-acrocentric chromosomes with terminal
satellites have been described which arise from a
translocation between the short arm of an acro-
centric and the terminal region of another
chromosome.11–19 Interstitial insertion of NORs
from an acrocentric chromosome into another
chromosome, giving rise to non-acrocentric
chromosomes with interstitial satellites, is a rare

form of chromosomal rearrangement without
phenotypic eVect.19–24 In contrast to these variant
chromosomes, satellited non-acrocentric chro-
mosomes resulting from an insertion or translo-
cation between an acrocentric chromosome and
another chromosome, in which there is loss of
material from the non-acrocentric chromosome,
are associated with an abnormal phenotype.25 26

When a satellited non-acrocentric chromosome
is observed it is essential to distinguish between
these two possibilities.

We describe three pedigrees in which multi-
ple family members have NORs at the
telomeric region of the short arm of one chro-
mosome 12 (12ps).

Case reports
In family 1, parental chromosome studies were
undertaken following a stillbirth at 38 weeks.
These studies showed a chromosome 12 with
positively NOR staining satellite stalks at the
end of the short arm (12ps) in the mother, who
had an otherwise normal female chromosome
complement. The paternal karyotype was nor-
mal. Family studies showed that this satellited
chromosome had been inherited from her
mother. Each of these women was well with no
associated phenotype. There was no other sig-
nificant family history (fig 1).

In family 2, chromosome analysis of an
amniotic fluid sample received for maternal age
showed a male karyotype with positively NOR
staining satellite stalks at the end of the short
arm of one chromosome 12 (12ps). Parental
chromosome analysis showed that the 12ps
chromosome was paternal in origin with no
associated phenotype. The family history was
unremarkable. The pregnancy proceeded to
term and the child at the age of 3 years has no
developmental problems (fig 1).

In family 3, a chromosome 22 (tuple 1)
microdeletion was identified in a 3 month old
child with tetralogy of Fallot and dysmorphic
facies, consistent with DiGeorge/VCF syn-
drome. Parental chromosome studies showed
that the microdeletion was de novo. However,
the father was found to have one chromosome
12 with positively NOR staining satellite stalks
at the end of the short arm (12ps) with no
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associated phenotype. The 12ps chromosome
was not present in the index case (fig 1).

In a fourth family, a 13 year old girl was
referred with short stature. Blood chromosome
analysis showed the presence of positively
NOR staining satellite stalks at the end of the
short arm of one chromosome 12 (12ps). The
remainder of the karyotype was normal and
there was no evidence of mosaicism for 45,X in

30 cells examined. Parental karyotyping indi-
cated that the chromosome 12 with positively
NOR staining satellite stalks was maternally
derived. The mother was of normal height and
there was no family history of short stature.
This family was subsequently identified as part
of family 3 (fig 1).

Chromosome studies including GTL band-
ing, silver staining (AgNOR), and fluorescence
in situ hybridisation (FISH) studies were
performed by standard techniques.6

Results
GTL banding showed no detectable loss of
material from the satellited chromosome 12 in
any of the families, with band p13 still present
(fig 2, left). Silver (AgNOR) staining confirmed
the presence of NOR positive material (fig 2,
middle). The NOR bearing satellited chromo-
some took part in NOR associations with acro-
centric chromosomes. The alpha satellite (cen-
tromeric) probes for the acrocentric
chromosomes 13/21 (D13Z1), 14/22, and 15
did not hybridise to the satellited chromosome
12, thus confirming it was monocentric. FISH
studies with the chromosome 12 short arm

Figure 1 Pedigrees of families 1, 2, and 3. Subjects who carry the satellited chromosome 12 (12ps) are shown by filled
symbols.

Family 2

Family 3

28 week stillbirth

Amniocentesis
Maternal age

Family 1

3 3 3

Del(22)(q11.2q11.2)Short stature

33 3

Figure 2 (Left) GTL banding. (Middle) AgNOR staining. (Right) Subtelomeric probe
VIJ2.
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subtelomeric probe VIJ227 showed no detect-
able loss of material from the 12ps chromo-
some (fig 2, right).

Discussion
We have described three families in which a
satellited chromosome 12 (12ps) is inherited.
There was no evidence for loss or gain of
genetically significant material. The clinical
indication for chromosome analysis of the
proband was diVerent in each case and both
maternal and paternal transmission of the sat-
ellited chromosome was evident. In view of the
lack of a consistent phenotype in the probands
and the normal phenotype in the heterozygous
parents, this satellited chromosome 12 appears
to be a previously undescribed heritable variant
chromosome, without phenotypic eVect. Our
detection of this rare variant in these three
families makes it probable that they are related,
especially as they all share a travelling,
semi-nomadic lifestyle.

It is notable that the majority of reported
cases of familial satellited non-acrocentric
autosomes have been identified at prenatal
diagnosis for maternal age, as was the case for
family 2 in the present study.11–19 When a satel-
lited non-acrocentric chromosome is identified
at prenatal diagnosis, it is essential to distin-
guish between significant loss or gain of
material and variant chromosomes. In some
cases, satellited non-acrocentric chromosomes
identified at prenatal diagnosis have been
shown to be unbalanced products of a parental
balanced translocation25 26 and the satellited
chromosome in the proband has been associ-
ated with an abnormal phenotype. Gene density
is high in the subtelomeric regions of chromo-
somes so particular care has to be taken before
deciding that the integrity of this region has
been maintained. In particular, cases of Wolf-
Hirschhorn and cri du chat syndromes involv-
ing a satellited short arm of chromosomes 4 or
5 respectively have been frequently
reported.27–29 In the family with a satellited 4
(qs) variant, described by Babu et al,30 the index
case had an interstitial deletion of chromosome
4 in the region adjacent to the satellites (q35),
thus explaining his developmental problems.
Careful conventional banding analysis, exclu-
sion of loss of subtelomeric regions by using
commercially available subtelomeric FISH
probes, and the demonstration of inheritance of
the identical rearrangement from a phenotypi-
cally normal parent should provide reassurance.
In the family described by Mihelick et al,31 the
proband had craniorachischisis whereas other
family members who carried the satellited
chromosome 4 (qs) had a normal phenotype.
This family was studied before the advent of
FISH and it is probable that the craniorachis-
chisis was a coincidental finding. The satellited
chromosome 10 (qs) described by Storto et al18

was unusual in being present in mosaic form in
the father. This chromosome 10 with satellites
must presumably have occurred for the first
time in the father. Interestingly, as far as we are
aware, there are no other published reports of
de novo satellited non-acrocentric variant chro-
mosomes. The lack of a clinical phenotype, and

the normal hybridisation analysis with the
chromosome 12p subtelomeric probe would
indicate that there has been no loss of the sub-
telomeric region of 12p in these families. How-
ever, it is impossible to exclude the possibility
that this rearrangement is an interstitial inser-
tion of a NOR into the most subtelomeric part
of 12p, rather than a terminal attachment to
12p. The satellited chromosome 12 reported in
the present study is diVerent from the familial
dicentric satellited chromosome 12 variant
described by Watt et al.20 In their family, satellite
material and a centromere from an acrocentric
chromosome had been interstitially inserted
into the proximal short arm of chromosome 12.

The case described by Miller et al14 was unu-
sual in that the satellited chromosome 4 (qs)
did not stain with AgNOR staining in the
proband, but was NOR positive in other family
members including the father of the fetus. As
judged by silver (AgNOR) staining, not all
NORs are active in every cell. Of the 10 NORs
present on the acrocentric chromosomes, most
people have between four and seven that are
active per cell.32 The satellited 4 (qs) in the
proband appeared morphologically the same as
in the other family members. It is possible that
examination of more cells in the proband
would have shown AgNOR staining in some
cells. The possibility that the satellited chromo-
some 4 (qs) in the proband had lost its NOR
activity cannot be excluded.

When a chromosome anomaly appears to be
an apparently harmless variant, then there may
be a dilemma regarding further family follow
up. Taking blood samples for chromosome
analysis may raise anxiety in the family
needlessly and might also be a time consuming
exercise. This has to be balanced against the
problems associated with the unexpected find-
ing of a satellited chromosome at prenatal
diagnosis.

The satellites on acrocentric chromosomes
show a considerable variation in size in the
population. This is considered to arise from
unequal recombination between acrocentric
short arms at meiosis occurring in these
regions of sequence homology. The close prox-
imity of the repetitive sequences of the
acrocentric chromosomes in a common nu-
cleolus is also likely to favour recombination,
even in mitosis.33 It is likely, for example, that
the case of mosaic satellited chromosome 10
(qs) described by Storto et al18 arose mitoti-
cally. Rearrangements resulting in non-
acrocentric chromosomes may also arise be-
cause of sequence homology at the breakpoints
and scattered within the genome are repeat
sequences with homology to the acrocentric
repetitive DNA.34 Furthermore, there is strong
homology between the satellite sequences of
acrocentric chromosomes and the subtelo-
meric repetitive sequences on some auto-
somes.35 It is possible that these variants arise
from abnormal pairing and subsequent cross-
ing over at meiosis between the satellites of
acrocentric chromosomes and complementary
subtelomeric sequences. Sequences similar to
the D4Z4 complex repeat associated with
FSHD, which maps to 4q35, are found on the
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short arm of acrocentric chromosomes36 and it
is of interest that chromosome 4 (4qs) is the
most frequently described satellited variant
chromosome.

Description and proper evaluation of these
rare variants is vital when counselling subjects
and families in whom a satellited chromosome
is found, particularly when detected prenatally.
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• We describe three apparently unrelated
families in whom a translocation of a
nucleolar organiser region (NOR) onto
the short arm of chromosome 12 has been
inherited through several generations.

• Conventional banding and FISH studies
showed no detectable loss of material from
this satellited chromosome 12 (12ps).

• There was no evidence of reproductive
problems or phenotypic eVects in the car-
riers of this satellited chromosome 12,
indicating that it is a previously unre-
ported variant chromosome.
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