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From Bench to Bedside

THE RECENT DEBATE ON LEGISLATION for creating
human embryonic stem-cell lines in Australia has been
confounded by issues concerning the use of human fetal
tissue derived from therapeutic termination of pregnancies.1

Embryonic stem cells are different from fetal tissues, the
former being derived from the inner cell mass of spare
fertilised eggs, and the latter from a termination of preg-
nancy. Obtaining and using both of these tissues are sensi-
tive issues in the community, because of the sanctity of life
and defining when it begins.

Human fetal tissue has been used both therapeutically and
for biomedical research in Australia since 1980.2 How
human fetal tissue is obtained and what it is used for in
Australia was first extensively reported in 1993,3 but its use
seems to have had little public impact. This became appar-
ent during the stem-cell debate in 2002, when it was
announced that human embryonic stem cells could now be
grown on a feeder layer of human fetal cells, as compared
with the more traditional mouse cells.4 Indeed, a major
national newspaper reported the use of human fetal tissue in
medical research as novel.5

Here we examine the use of human fetal tissue in Aus-
tralia for biomedical research. We document how such
tissues have been used since 1994, the advances being made
as a result of their use, and the extent to which researchers
share this tissue.

Supply of fetal tissue

Human fetal tissue is a scarce resource. Almost all of the
tissue used is obtained from institutions where second
trimester therapeutic terminations are performed. The ges-
tational age of the tissue used varies between 8 and 20
weeks’ gestation, but the age of most is 14–18 weeks. Organs
are more readily identified during the second trimester.

The major distribution centre for such tissue to medical
researchers in Australia is the Diabetes Transplant Unit
(DTU) at the Prince of Wales Hospital, Sydney. The DTU
organises collection of tissue from therapeutically termi-
nated pregnancies, sorts it, and then distributes relevant
tissues to researchers who have requested them. An addi-

tional centre at the University of Sydney obtained a small
supply of tissue separately during 1996–2002. The informa-
tion we present here is the combined data from the DTU
and the Sydney University units. It was our understanding
that this represented the state of practice in Australia, as
requests for fetal tissue are received from other centres, both
within New South Wales and in other states. However,
immediately prior to publication, we became aware that
there is a researcher in Newcastle who has obtained 70
specimens of human fetal tissue of median age 11 weeks
(range 8–19 weeks) between September 2002 and June
2003.

The number of fetuses obtained annually by us between
1994 and 2002 varied considerably (Box 1). The number
was greater in the mid 1990s than in subsequent years, with
an average of 219 annually in the earlier period, compared
with 77 annually in the later period. An average of three
samples of tissue are used from each fetus. The number of
samples distributed to researchers annually varied from 156
to 472 (Box 1). The most commonly used tissues were eye
(23%), bone/cartilage (23%), brain/spinal cord (22%), kid-
ney (15%) and pancreas (8%).
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Current use of fetal tissue

From 1994 to 2002, 19 separate biomedical researchers at
12 separate Australian institutions (four universities, six
major teaching hospitals and two research institutes) used
human fetal tissue in their research. The actual tissues used
(detailed in Box 2) were determined by the individual
research projects. In 1994, eye tissue made up nearly half of
the distributed tissue. There was an increase in the use of
bone/cartilage during 1996–2001, kidneys during 1996–
1999, and liver and spinal cord over the past 4 years.

From 1994 to 2002, the tissue was used exclusively for
biomedical research. In the previous decade, it was also used
for therapeutic purposes,3 in an attempt to replenish ß cells
in people with type 1 diabetes.6 These trials, which demon-
strated survival but not function of the grafts, were discon-
tinued as supply of second trimester tissue was limited. The

research projects for which human fetal tissues were used
included tissue development, mechanism of action of
viruses, transplantation studies to treat insulin-dependent
diabetes, complications of high glucose levels, drug testing,
and the use of feeder cells for maintaining human embry-
onic stem cells in an undifferentiated state (Box 3). As this
research could not have been done with tissue from animals,
it provided valuable information that is specific to humans.

Comparative studies with normal human fetal tissue
increase our understanding of the pathogenesis of a number
of diseases. These include inflammatory disorders of the
nervous system (eg, multiple sclerosis), disorders of the eye
(eg, retinopathy of prematurity and optic nerve colobomas),
and osteoarthritis. From these studies, novel treatment strate-
gies are being developed. An example in multiple sclerosis
treatment is the use of agents that stimulate the kynurenine
pathway, which protects neurones from being attacked.7

A measure of the usefulness of human fetal tissue in
medical research is the number of publications in peer
reviewed journals that arise from it. A list of publications
was obtained both directly (from researchers who receive
the fetal tissue) and from reviewing PubMed. Over the past
decade there were 74 publications, comprising eight articles
on bones,8 eight on kidney,9 22 on central and peripheral
nervous tissue,7,10 23 on eyes,11,12 five on pancreas,13 three
on liver,14 two on placenta, and one each on adrenal gland,
skin and heart.

Ethics guidelines

In October 1983, the National Health and Medical Research
Council introduced guidelines governing the use of fetal tissue
for biomedical research in Australia.15 These guidelines ensure
that (i) there is distinct separation between the patient and the
research group in both the decision-making process and the
proximity of the research to the clinical ward; and (ii) parental
consent is obtained for the use of the tissue. These guidelines
stipulate that the human fetal tissue used must be from termina-
tions of pregnancy at less than 20 weeks’ gestation and where
the weight of the fetus is less than 400g. It is considered that a
human fetus after this gestation period has a chance, albeit very
remote, of surviving outside the uterus. The guidelines allow
the use of tissue from the time of implantation in the uterus.

2: Use of human fetal tissue between 1 January 1984 and 31 December 2002

Tissue used 1994 1995 1996 1997 1998 1999 2000 2001 2002

Bone/cartilage (%) 3 9 15 31 26 35 35 30 21

Eye (%) 43 35 28 20 17 20 18 14 16

Kidney (%) 5 11 19 25 19 24 13 9 11

Brain (%) 27 18 9 5 9 8 6 11 14

Spinal cord (%) 6 5 9 5 9 8 12 14 19

Pancreas (%) 10 14 18 8 10 4 2 2 0.4

Liver (%) 1 0.3 0 0 1 0 10 11 14

Other* (%) 5 8 2 8 10 1 4 1 5

Total number of samples 472 378 159 301 156 179 232 276 235

* Includes lung, spleen, lymph nodes, heart, adrenal glands, intestine, bladder, placenta, muscle and skin.

1: The number of fetuses and the number of human 
fetal tissue samples obtained each year between 
1 January 1994 and 31 December 2002

Year
1994 1995 1996 1997 1998 1999 2000 2001 2002
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The Australian guidelines will change to some extent if the
draft of a new document proposed by the Australian Health
Ethics Committee in February this year is accepted in its
current form.16 Tissue from fetuses at less than 8 weeks’
gestation will be regarded as embryos, and it seems that
gaining consent to use such tissue will be much more onerous
than it is at present. A licence may be required, as is currently
the case for experimentation on spare fertilised eggs.

Informed consent

The perception of ethics changes with time. In the early
1980s, the consent form that was approved by institutional
ethics committees to be signed by pregnant mothers allowing
use of the fetal tissue consisted of two sentences. By the mid
1980s, ethics committees altered their requirements, and the
form was expanded to provide a more in-depth explanation of
what the tissue was used for. In the late 1990s, requirements
changed again, with the addition of a patient information

sheet to the consent form. Within the last year, there has been
a further change, namely, the addition of a complaints
clause,17 a common feature in consent forms for all research
projects. The changes to the consent form have come about
through discussion between the users, especially members of
the DTU and the Human Ethics Committees of both the
University of New South Wales and the University of Sydney.
It has been pleasing to see ethics committees of other
institutions, especially teaching hospitals, choosing to adopt
this form rather than insisting on their own versions of it.

Future use of fetal tissue

As mentioned previously, human fetal tissue has not been
used therapeutically in Australia since the mid 1980s, but
use may begin again in the near future for two reasons.

Firstly, fetal tissue obtained early in gestation (eg, at 7
weeks’ gestation) is less immunogenic than older tissue,
especially that in the second trimester.18 Very recently, it has
been shown that tissue obtained at this age will develop into
entire organs, such as a kidney,18 or tissues which are
functional, such as insulin-producing cells which can normal-
ise blood glucose levels of mice with diabetes.19 It is conceiv-
able that these tissues, with their low immunogenicity, may
be used therapeutically.

Secondly, fetal tissue, especially from the gonads, may be
a source of stem cells that could be converted into more
mature cells, such as nerve cells, which may be trialled
therapeutically for the treatment of Parkinson's disease and
other neurological disorders.

Conclusion

Human fetal tissue is a scarce resource that has been used by
numerous researchers at a dozen separate institutions from
1994 to 2002. With an average of 265 samples distributed
annually during this time, researchers have conducted
experiments and published 74 manuscripts in peer reviewed
journals. Our understanding of the pathogenesis of human
diseases has been advanced and more treatment options
have been examined as a result. It is timely to give greater
recognition to the benefits for which human fetal tissue can
be used.
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