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Background 
The pharma industry is increasingly aware of the 
value of human tissue in its efforts to discover and 
develop new drugs to treat human disease     
(Hakimian and Korn, 2004). Its historic reliance on 
experimental animals as human surrogates has un-
doubtedly contributed to the high failure rate 
among new drugs entering clinical development 
(Palfreyman et al, 2002; Coleman & Clark, 2003; 
Coleman, 2004). It is now generally accepted that 
even closely related animal species differ in so 
many important ways (Enard et al, 2002; Fujiyama 
et al, 2002; Mestas and Hughes, 2004), that to re-
gard any one species as representative of another is 
highly likely to be misleading (Fehrenbach, 2003; 
Grisham, 1996; Persson, 2002). However, the trend 
to increase the amount of human tissue work in 
drug discovery and development programmes is 

hampered by two important issues: 
 The physical access to human tissues 
 The ethical and legal constraints imposed 

upon those wishing to acquire tissues and 
use them for experimental purposes 

Although access is still limited, there are ever 
more organisations through which human tissues 
may be acquired. However, the ethical and legal 
hurdles remain (Brown and Coleman 2001; Wil-
kinson and Coleman, 2001). The UK is arguably 
taking the lead in tackling the question of the 
regulation of the acquisition and use of human tis-
sue for research. While human tissue has always 
played a part in drug discovery and development 
programmes in the UK, until about 10 years ago, 
that use was limited largely to work on blood cells, 
with other tissues only being used on an occasional 
basis by a small minority of researchers. Over the 
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Abstract 
The use of human tissue in drug discovery and development is now well accepted, however, its use for
experimental purposes is still restricted not only by practical, but also by ethical and legal constraints.
The UK government, through its Human Tissue Act 2004, is leading the way in establishing clear ethi-
cal and legal guidelines that will both facilitate and regulate the process. It has also set up a Human
Tissue Authority, whose task is to establish codes of practice to regulate all aspects of the Act. The Act
emphasises donor anonymisation, freely given informed consent, independent ethical review and the
licensing of tissue banks. The UK’s approach could serve as a model for this important, but still conten-
tious, area of activity worldwide. With the expansion of the availability of human tissue for research, it
will undoubtedly eventually become a mandatory part of the regulatory filing for new drugs. This may
well first be seen in the testing of cross reactivity of new therapeutic antibodies, for which the FDA has
already identified a set of tissues against which they are to be tested. It is timely therefore that the de-
velopment of frozen tissue microarrays looks to make this a simple and routine operation. 
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past decade, with the decline in the fortunes of the 
pharma industry, there has been an increasing 
awareness of the value of human tissue for both 
discovery and development work (Coleman et al, 
2001; Palfreyman et al, 2002; Coleman & Clark, 
2003), in an attempt to improve the unacceptable 
failure rate associated with converting develop-
ment candidates into safe, effective medicines.  
This increased enthusiasm saw the development of 
a range of tissue banks throughout the UK, primar-
ily in teaching hospitals, whose role was to provide 
tissues to bona fide researchers both within the 
hospital and within the wider research community.  
Indeed, it became respectable for such tissue banks 
set up in academic institutions to work with the 
commercial sector. However, there were problems 
in terms of the regulations governing work with 
human tissue; the law was inadequate, and best 
practice was defined in terms of ethical guidelines 
produced by a variety of organisations. The differ-
ences in perspective of these various organisations 
resulted in some of the published guidelines being 
contradictory. The situation was helped greatly in 
1995 by the publication of an authoritative UK 
government sponsored document, the Nuffield 
Council on Bioethics Report on Human Tissue – 
Ethical and Legal Issues (the Nuffield Report).  
This proved a valuable document, in that it drew 
together all the elements of ethical guidance and 
law relating to the issue of acquisition and use of 
human tissue available at that time, and provided a 
framework within which those acquiring and those 
using human tissues could work. However, another 
thing that it did was to highlight the shortcomings 
of the existing legislation and indeed the existing 
ethical guidance. It was not long after this that the 
whole issue in the UK was thrown into disarray by 
the discovery that two UK hospitals, one in Bristol 
and the other in Liverpool, had been taking tissues 
from stillborn babies largely for research purposes 
in circumstances that were clearly outside those 
regarded as permissible by the Nuffield Report.  
Reports of these occurrences may be found on the 
worldwide web (http://www.bristol-inquiry.org.uk/ 
index.htm, http://www.rlcinquiry.org.uk/). They 
caused public outrage. It is important to understand 
the nature of the public’s anger; they objected not 
to the fact that tissue had been taken for research, 
but rather that there had been a lack of consulta-
tion; no parental or other permission had been ob-
tained or even sought. The initial result of this 
scandal was that every hospital in the UK in-
spected its own practices to see to what degree 

they were also guilty of such practices, and it 
emerged that few hospitals could confidently state 
that they had never taken human tissues for re-
search or other purposes without seeking consent 
from the donor or the donor’s next-of-kin.   
 
The Human Tissue Act 
The government was forced to act, and it did so by 
drafting a Human Tissue Bill (the Bill). It was un-
fortunate that the initial focus of the Bill appeared 
to be to restrict the ability of researchers to acquire 
and use human tissues for research purposes. The 
research community reacted by objecting strongly 
to the direction of the Bill, making it clear that it 
was not the use of human tissue that was the issue, 
but one of donor consent and formal ethical ap-
proval. In response, the Government made impor-
tant modifications, following which it was passed 
by parliament, and became the Human Tissue Act 
2004 (the Act, http://www.opsi.gov.uk/ acts/ 
acts2004/20040030.htm). The Act identified a 
range of purposes relating to human tissues that it 
intended to regulate, these were: 
 Anatomical examination 
 Determining cause of death 
 Establishing after a person’s death the effi-

cacy of any drug or other treatment adminis-
tered to him or her 

 Obtaining scientific or medical information 
about a living or deceased person which may 
be relevant to any other person (including a 
future person) 

 Public display 
 Research in connection with disorders or the 

functioning of the human body 
 Transplantation 
 Clinical audit 
 Education or training related to human health 
 Public health monitoring 
 Quality assurance 

Also of great importance to the way that the Act 
was to be applied was the issue of whether the tis-
sue had been removed from the body during life or 
after death. And finally, it defined which organs 
and tissues are regarded as relevant to the Act, de-
fining these as ‘material, other than gametes, 
which consists of or included human cells’. The 
reason for the exclusion of gametes was that these 
were already dealt with in earlier legislation.  
Thus, such material would include body parts, 
whole/part organs, biopsy samples, blocks and 
slides, fluids including blood CSF etc and foetal 
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tissue and products of conception. Importantly, it 
does not cover isolated proteins or nucleic acids.  
Despite the efforts that had gone into the initial 
drafting and all the subsequent modifications, the 
Act was still somewhat ambiguous in certain as-
pects, and the Government announced that it was 
to set up a body to be called the Human Tissue 
Authority (HTA) which would be responsible for 
drafting Codes of Practice that would govern how 
the Act would be implemented. 
 
The Human Tissue Authority 
The HTA (http://www.hta.gov.uk/aboutus/htact/) 
was established in early 2005, and comprised Bar-
oness Hayman and 13 members, of which 6 were 
medically or scientifically qualified, and 7 had no 
scientific or medical background, but had some 
interest or involvement in the field of human tissue.  
The role of the HTA was as a regulatory body for 
all matters relating to removal, retention, use and 
disposal of human tissue for specified purposes.  
The HTA was also responsible for issuing codes of 
practice giving practical guidance and laying down 
standards relating to the activities for which it was 
responsible. In July 2005, the HTA issued 5 draft 
codes of practice (http://www.hta.gov.uk/consult/ 
codes/), covering the following topics: 

1. Consent 
2. Donation of organs, tissues and cells for 

transplantation 
3. Post mortem examination 
4. Anatomical examinations 
5. Removal/collection, retention and disposal 

of human organs and tissue 
Following the publication of the draft codes, the 
HTA requested feedback from those working with 
human tissue, and also held a series of meetings 
with representatives of organisations representing 
those who work with human tissue, eg ABPI and 
the BIA, who had the opportunity of commenting 
on the strengths and weaknesses of the published 
codes.   
 

Interestingly, no code of practice on the use of 
human tissues was issued; it is left up to ethical 
review bodies to decide what is acceptable and 
what is not. The codes of practice most relevant to 
drug researchers are the first and the fifth. As lack 
of consent was the main charge against the Bristol 
and Liverpool hospitals, whose actions had stimu-
lated the public outcry that led to the establishment 
of the Act, consent was seen as a key element in all 
acquisition of human tissues for future use. Once 

consent had been secured, then the next question is 
how can the acquisition, retention, use and disposal 
of consented tissues be regulated? All further con-
sideration in this article will refer to human tissues 
taken for research purposes. 
 
Consent 
It was decided that for the retrieval of tissues for 
research purposes the issue of consent would be 
affected by whether the donor was living or dead.  
For retrieval of tissue from the dead, consent from 
the donor’s representatives (or the donor himself, if 
consent sought prior to death) would be mandatory 
in all cases. In contrast, when acquiring tissues 
from living donors, where such tissues were being 
removed as a part of a necessary surgical proce-
dure, and where they would otherwise simply be 
destroyed as clinical waste, as long as the re-
searcher had no access to the identity of the donor 
(donor anonymity), consent was not felt necessary. 
Despite these considerations, it is important to un-
derstand that no research work can be conducted 
on human tissues, irrespective of whether consent 
is required, without approval from an independent 
ethics review body of the research activities to be 
performed on those tissues. The issue of who 
should be qualified to act as representative for the 
donor in giving consent is an important point, and 
it was decided that there should be a hierarchy, 
taking account of how close an individual was to 
the donor, with those closer having a greater say 
than those more distant. Furthermore, the wishes of 
the donor him or herself would always take prece-
dence, even if close relatives objected. However, 
despite this, there is no obligation upon medical 
staff to act upon the wishes of the donor if it is im-
practical to do so, or if they feel that it would result 
in excessive upset to surviving family members. 
 
Acquisition, retention and disposal of human 
organs and tissue 
It is important to understand that human tissue 
cannot be regarded as a saleable commodity, and 
must always be regarded as a gift, thus there can be 
no element of reward, monetary or otherwise, for 
such donation. It is however understood that the 
process of making tissue available to researchers 
involves costs, and the Act makes it clear that re-
imbursement for the costs of retrieval is acceptable.  
The Act makes no stipulation as to the time for 
which samples may be held prior to being used for 
their particular purpose, so some samples may be 
held for years before being used if that is appropri-
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ate. However, when tissue or tissue products are 
disposed of, that disposal must be performed in a 
respectful manner. 
 
Licensing 
One of the first responsibilities of the HTA is to 
establish a system of licensing for those acquiring, 
retaining and disposing of human tissues. It is im-
portant to stress that no distinction will be made 
between those working in the academic and com-
mercial sectors. Licenses will be granted to spe-
cific establishments, and to specific individuals 
within those establishments, and the HTA will run 
a system of inspection to ensure compliance with 
the regulations. The first licences will be issued in 
April of 2006, in line with the European Tissue and 
Cells Directive, which deals with the use of cells 
and tissues for transplant and medical devices, and 
for which the HTA has the responsibility of im-
plementation in the UK. The more general system 
for licensing will become operational in September 
2006. It will be the responsibility of the licence 
holder to ensure that all human cell and tissue ac-
quisition, retention, use and disposal are performed 
in line with the HTA’s published codes of practice. 
Elements that feature highly in these codes are as-
surance of appropriate donor anonymity, formal 
ethics committee approval for the uses of tissue, 
respectful disposal of surplus or used tissue and 
traceability of all tissues acquired.  The directive 
relating to traceability will oblige those acquiring 
human tissues to ensure that they keep a full record 
of the source of those tissues, and their fate, 
whether they were used, whether there are still 
being held or whether they were disposed of. 
 
The practicalities of using human tissue 
The practicalities of working with human tissue 
within the licensing system are still under consid-
eration, however, the system applied by Pharma-
gene (now Asterand) for its in-house research work 
performed for clients is consistent with the devel-
oping regulations, and is summarised schemati-
cally in Figure 1.  
 
Human tissue in drug research in the 21st 
Century 
The value of human tissue in drug discovery and 
development is now well established, but its use is 
still optional. In view of the failure of the pharma 
industry to improve its success record in bringing 
safe and effective drugs to market, it could be ar-
gued that the role of human tissue should be more 

 

Figure 1. This represents the case where tis-
sue is acquired from a Source (Supplier) by
the end user (Researcher) solely for his/her
own research purposes.  It depends upon
donor anonymisation, donor consent for re-
search, approval to supply from an independ-
ent ethics committee, and a legal agreement
between Supplier and Researcher (or their
respective organisations).  Even then, the
Researcher would be obliged to obtain ap-
proval from an independent ethics committee
for the required research use(s) before the
tissue could be used. All of these stages are
open to independent audit, but it is not certain
that this will be mandatory under the provi-
sions of the Act.  Failure to achieve any one
of these requirements would disqualify the
tissue from progression to its required re-
search use. 
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strongly encouraged, and for certain applications, 
even made mandatory. Many uses of human tissue 
in both drug discovery and development have al-
ready been extensively described (Coleman et al, 
2001; Palfreyman, 2002; Callagy et al, 2003; 
Coleman & Clark, 2003), but the relative difficulty 

of acquiring and performing experiments upon 
human tissue when compared to performing the 
same studies in non-human tissues still leads many 
scientists to choose the non-human option. One 
area in which human tissue use is becoming a key 
component in regulatory approval is in the anti-

 

 

Figure 3a. Representative sections from a frozen TMA showing specific antibody staining.
Panel A. staining of smooth muscle actin (SMA) in left ventricle; Panel B. staining of SMA
in a cerebral blood vessel. Within each panel, upper - 10x magnification; lower - 40x magni-
fication, and from the left, antibody, IgG control, and no primary Ab control. 

Figure 2. A prototype frozen TMA incor-
porating the 30 of the 32 tissues recom-
mended by the FDA, plus a control tissue 
(renal cortex), with 2 punches per tissue. 

 

A. 

B. 
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body cross reactivity studies now recommended by 
the FDA (http://www.fda.gov/cber/gdlns/ptc_mab. 
pdf) in their document ‘Points to Consider in 
Manufacture and Testing of Monoclonal Antibody 
Products for Human Use’. The purpose of this is to 
ensure that antibodies intended for therapeutic use 
do not bind unexpectedly to tissues other than 
those expressing the protein against which they are 
directed. The FDA currently recommends testing in 
a panel of 32 diverse tissues from throughout the 
body, although it is of course possible that this list 
will be expanded in the future.   

 
The use of tissue microarrays (TMAs), which 

enable high throughput histological evaluation 
(Callagy et al, 2003; Braunschweig et al, 2004; 
Howat et al, 2005) is growing rapidly, but is based 

mainly on formalin-fixed, wax embedded tissue 
cores, which are not suitable for FDA-type cross 
reactivity studies, for which frozen tissues are re-
quired. More recently, TMA technology has been 
successfully applied to frozen tissues (Fejzo & 
Slamon, 2001; Braunschweig et al, 2004), which 
while technically considerably more difficult to 
prepare, are a suitable high-throughput approach to 
the assessment of off-target antibody binding.  
The attraction of TMAs for this purpose is that a 
single antibody can be screened over the full FDA 
tissue set arrayed on a single slide, or multiple an-
tibodies can be assessed at the same time without 
greatly increasing the scale of the assay. TMAs can 
also be used to provide a simple comparison of 
animal v man in order to identify a suitable species 
for further development work. 

 C. 

D. 

Figure 3b. Representative sections from a frozen TMA showing specific antibody
staining.  Panel C. staining of SMA in gastrointestinal smooth muscle; Panel D. stain-
ing of pancytokeratin in gastrointestinal mucosa. Within each panel, upper - 10x magni-
fication;  lower - 40x magnification, and from the left, antibody, IgG control, and no
primary Ab control. 
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General Conclusions 
The role of donated human tissue in drug discov-
ery and development is due to expand, but before 
that, a generally accepted ethical and legal frame-
work for its acquisition, use and disposal need to 
be established. The UK government has taken a 
lead in this important field through publication of 
its Human Tissue Act 2004 and establishment of a 
Human Tissue Authority to manage its enactment.  
This should provide a model for all those wishing 
to utilise this important experimental resource in 
the most legally and ethically appropriate manner.  
The existence of such a framework will enable 
human tissue testing to become a key element in 
the regulatory process controlling the introduction 
of new therapeutic entities. 
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