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replacement for at least a year, and even then conventional
adult hormone replacement should not be contemplated for
at least another year. To move more quickly than this causes
development of the breasts which is almost entirely confined
to the nipple and areola-which causes great unhappiness.
Whether in such patients history can be rerun with advantage
is far from clear.
The problem with the medical care of patients in their

teens is that in the hospital service such patients fall between
the spheres of knowledge of physicians, including endocrin-
ologists and oncologists, of gynaecologists, and of paedia-
tricians. Family doctors may be more directly concerned, but
unfortunately the education which most of us had on this
difficult topic was woefully inadequate. Puberty is of such

great importance to patients that abnormalities of it deserve
early recognition and skilled, if not complex, management.

CHARLES G D BROOK

Consultant Paediatrician,
Middlesex Hospital,
London WIN 8AA

1 Marshall WA. Normal puberty. In: Brook CGD, ed. Clinical paediatric endocrinology. Oxford:
Blackwell Scientific Publications, 1981:193-206.

2 Bums EC, Tanner JM, Preece MA, Cameron N. Final height and pubertal development in 55
children with idiopathic growth hormone deficiency treated for between 2 and 15 years with
human growth hormone. Eurw7 Pediatr 1981;137: 155-64.

3 Boyar RM, Finkelstein R, Roffwarg H, Kapen S, Weitzman E, Hetlman L. Synchronisation of
augmented luteinising hormone secretion with sleep during puberty. N Engl3' Med 1972;287:
582-6.

4 Stanhope RS, Adams J, Jacobs HS, Brook CGD. The induction of puberty by low dose pulsatile
GnRH. Pediatr Res 1984;18:12 10.

Regular Review

Graft versus host diseases: new versions of old problems?

A M DENMAN

Bone marrow transplantation is now an accepted part of
medical treatment. For example, chemotherapy achieves
remissions in few adults with acute non-lymphocytic
leukaemia and in virtually none in relapse. In contrast, bone
marrow grafts from HLA compatible sibling donors have
substantially improved the outlook for such patients.' The
grafted cells take on the function of the recipient's own bone
marrow which has been destroyed by total body irradiation
and high dose cyclophosphamide. Bone marrow grafts are
also being used increasingly to replace the non-functioning
bone marrow of patients with aplastic anaemia. In addition,
marrow transplantation is the treatment of choice in severe
combined immunodeficiency and is being tried in other
forms of inherited defects of bone marrow function.2

Siblings who are HLA identical are still the preferred
donors, but unrelated donors are being selected more often,
usually with the proviso that at least they have one HLA
haplotype in common with the recipient and possess identical
HLA-D determinants. These grafts from imperfectly
matched donors require more immunosuppression to be
successful-and are more likely to induce graft versus host
disease.

Graft versus host disease has long been recognised as a
major obstacle to successful transplantation. Its acute form,
occurring within 100 days of transplantation and manifested
by rash, hepatitis, diarrhoea, and delayed restoration of
haemopoiesis and lymphopoiesis, was observed in 30-70% of
patients in early transplantation programmes. Several factors
have reduced its incidence, some concerned with the selec-
tion of donors and others with the management of the
procedure itself and the aftercare of patients. With growing
experience in ensuring the survival of grafts and in over-
coming acute graft versus host disease the chronic disease has
become increasingly common, with an incidence varying
between 15% and 40% in different centres.

The clinical and pathological features of graft versus host
disease are of interest not only for their practical importance
to transplantation practice but as models of immunopatho-
logical processes which may operate in several spontaneous
diseases of unknown aetiology. Indeed, this possibility was
foreseen in pioneering studies in animal models of graft
versus host disease in the 1960s.3

Chronic graft versus host disease appears between 70 and
400 days after transplantation and has well defined clinical
features. Skin lesions are almost invariably present. At first
these are inflammatory but later they take the form of
subcutaneous fibrosis with telangiectasia and joint contrac-
tures; oral lesions resembling lichen planus, oesophageal
strictures, and the sicca syndrome are common, while
polymyositis and serositis are occasionally encountered.45
Severe obstructive airways disease has also been reported.6
There are definite similarities with diseases such as sclero-
derma-but there are also differences and, in particular, a
virtual absence of renal abnormalities of the kind charac-
teristic of scleroderma and systemic lupus erythematosus.7

Detailed histological analysis has confirmed the clinical
distinction between the acute and chronic forms of graft
versus host disease.8 Many features of the lesions in the acute
form suggest that the target cells may be damaged by the
products ofdonor lymphocytes and by natural killer cells and
not simply by donor T lymphocytes. In contrast, chronic
graft versus host disease is marked by florid cellular infiltra-
tion and vascular reactions resembling the fesions of primary
connective tissue diseases.

Pathogenesis

In essence graft versus host disease in all its forms stems
from an attack on host cells by T lymphocytes in the donor
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marrow graft. The nature and intensity of this onslaught are
determined mainly by three interrelated factors which are
difficult to disentangle. Firstly, the character and distribu-
tion of the host antigens which provoke this attack are
complex and probably vary in different genetic combinations
of donor and host. Secondly, graft versus host disease itself
reinforces the immunosuppression induced by preparative
drug treatment. This immunosuppression interferes with
conventional antimicrobial immunity but, paradoxically, it
may in addition exaggerate the proliferation of B cells by
ablating immunoregulatory lymphocyte populations.
Thirdly, opportunistic infections not only threaten these
immunocompromised patients directly, but also some
viruses, notably cytomegalovirus, may initiate further T cell
attacks against infected cells thereby provoking additional
immunopathological damage.

Extensive studies in mice with experimental graft versus
host disease have thrown considerable light on the genetic
factors.9 In some combinations of donor and host acute graft
versus host is marked by sequential activation of helper T
and suppressor T lymphocytes of donor origin. Helper cells
fuel the initial immune onslaught, whereas the suppressor
cells later modify this process, albeit at the price of impeding
the generation of effective antimicrobial immunity. In some
mice, however, the subsequent loss of suppressor cells
provokes a chronic phase of immunoproliferative activity. In
other combinations donor suppressor cells fail to develop,
and the clinical picture is dominated throughout by chronic
immunoproliferative changes resembling systemic lupus
erythematosus. Though there are obvious dangers in extra-
polating too literally from experiments on mice to man these
observations point to the genetic factors which may deter-
mine the clinical outcome.
Judged by the results of laboratory work on the responses

of lymphocytes to mitogens, the absolute and relative
numbers of blood lymphocyte subpopulations displaying
distinctive OKT antigens as markers, and skin test reactions,
most patients remain at least partially immunosuppressed for
300-400 days after grafting.'0 " Indeed, a return to normal
immunological responsiveness may be delayed for up to four
years and is particularly retarded in patients who have
suffered either acute or chronic graft versus host disease.'2 13
Defective natural killer cell function has also been recorded. 14
These deficiencies largely account for the high risk of
opportunistic infections. In addition, decreased numbers in
the blood of helper T lymphocytes and increased numbers of
suppressor T lymphocytes are regularly observed, providing
additional evidence for the immunoregulatory abnormalities
which occur after grafting.3' There may also be subtle
disturbances in the control of immune responses in tissues
primarily affected by graft versus host disease. For example,
the antigen presenting cells normally present in skin
(Langerhans cells) are reduced in number and impaired in
function after marrow transplantation.'5 Yet in animals with
graft versus host disease skin keratinocytes acquire the Ia
antigens normally associated predominantly with immuno-
logically functional cells. 16

Opportunistic infections are a constant threat to the
recipients of marrow transplants and the risks are intensified
by the more profound immunosuppression consequent on
graft versus host disease.4 The agents presenting a particular
hazard differ at various stages after transplantation; patients
with graft versus host disease are especially vulnerable to
infections with cytomegalovirus, adenovirus, and Pneumo-
cystis carinii.2 Indeed, cytomegalovirus infections may
possibly be directly responsible for imbalance in lymphocyte

subpopulations and resulting immunoregulatory disturb-
ances. A Dutch group has noted that while such imbalances
develop in recipients of autologous as well as allogeneic bone
marrow transplants these may be prevented if care is taken
not to transfuse blood products carrying cytomegalovirus
into recipients previously free from infection.'7 The
frequency with which prolonged cytomegalovirus viraemia
follows transplantation of the marrow has been emphasised,'8
and this virus may induce both immunosuppression and
autoantibody production in experimental murine and natural
human infections. 19 20

Prevention

These factors have an important bearing on devising
measures likely to prevent or reverse graft versus host
disease. Obviously the simplest means of protection is to
develop forms of treatment which avoid the need for marrow
transplantation altogether. Marrow aplasia is a good example
of this therapeutic dilemma. Undoubtedly marrow grafting
has improved the outlook for patients with this disorder,
which carries a 75% mortality with supportive care alone.
The measures taken to reduce the risk of graft rejection,
however, have also increased the risks of opportunistic
infections and graft versus host disease.2 By contrast, inten-
sive immunosuppression and notably antilymphocyte
globulin have induced recovery of the bone marrow without
resorting to transplantation.2' Since many factors such as age
and associated disease affect the outcome with any form of
treatment comparative trials of different regimens are
mandatory-and are now appearing.22
Another way of avoiding the risks of graft versus host

disease implicit in allogeneic grafts is to increase the scope for
autologous transplantation. For example, the leukaemic cells
may be eliminated with chemotherapy and bone marrow
function may then be restored with the patient's own stored
marrow cells-provided that the graft can be cleared of
leukaemic cells. Monoclonal antibodies reacting specifically
with leukaemic cells are one possible approach which is being
explored.23 Most programmes remain dependent on allo-
geneic marrow grafts, however, and there is intense interest
in procedures for selectively removing the T lymphocytes
which initiate graft versus host disease while preserving
pluripotential stem cells. (The lymphocyte progeny of the
grafts are thought to be made tolerant to host antigens.) Some
methods such as counterflow centrifugation exploit physical
differences among cell types.24 Other investigators have
explored the possibility that a period of laboratory culture
might allow the selective survival of progenitor cell popula-
tions.25 More specific means ofremovingT lymphocytes have
been subjected to clinical trial. One group has achieved this
by agglutinating these cells with soybean or forming rosettes
with sheep red cells.26 Several laboratories have devised
techniques based on monoclonal antibodies specific for T
lymphocytes either singly,27 in combination,28 or by linking
the antibody to the toxin ricin.29'0 All these procedures are
technically impressive and clinically promising in terms of
avoiding graft versus host disease, but few reports have
appeared describing reasonable numbers ofpatients followed
up for adequate periods of time.
The prospects for preventing graft versus host disease by

immunosuppressive treatment immediately after grafting
have been greatly improved by the introduction of cyclo-
sporin A.3' The side effects of this drug still cause concern.
Cyclosporin A causes gingival hyperplasia and hypertrichosis
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in the recipients of bone marrow.32 As in renal transplanta-
tion the drug is nephrotoxic, and the renal damage may prove
irreversible.33 The oncogenic potential of cyclosporin A may
have been exaggerated since the lymphoproliferative changes
observed in some recipients of organ transplants commonly
remit when the drug is withdrawn.34 Nevertheless, the long
term risks of malignant disease are unknown, particularly
with respect to lymphomas induced by Epstein-Barr virus.
Contrary to earlier reports cyclosporin A does not interfere
with T lymphocyte activation.35 Nor does immunological
competence return earlier in patients treated with this drug
as prophylaxis against graft versus host disease than in
patients receiving methotrexate for this purpose.36 Thus the
risks of infection are not reduced on this score.

Treatment

Established acute graft versus host disease is difficult to
reverse. It is particularly responsive to high dose corti-
costeroids, alone37 or in combination with antilymphocyte
globulin38 or methotrexate, but overall mortality has been
little reduced. Neither cyclosporin A nor selective mono-
clonal antilymphocyte antibodies have been properly
assessed in these circumstances.2 Immunosuppressive drugs,
particularly corticosteroids and azathioprine, arrest the pro-
gression of chronic graft versus host disease in one third of
patients, but a quarter of patients die from infections.4 The

scleroderma like features are said to respond to penicilla-
mine.39

Graft versus host disase is one of the most important
obstacles to safe, reliable transplantation programmes.
Careful, long term trials of competing regimens are essential
and should be carried out by units handling adequate
numbers of patients. Only trials of this nature will show the
extent of unexpected problems, such as the development of
myasthenia gravis in one marrow recipient mediated by the
donor cells.'" Continuing analysis of the cellular mechanisms
which induce this complication should lead to more subtle
methods of avoiding it. Possibly some T lymphocytes
transferred in the marrow or maturing after grafting react
with host antigens; others may react with cells infected with
viruses, and yet other populations with abnormally pro-
liferating or frankly leukaemic cells.24 Chimerism may
persist more commonly than has been suspected, the
surviving host haemopoietic cells introducing further com-
plexities in the interpretation of events.41 Techniques are
available for identifying and deleting lymphocytes specific-
ally mediating graft versus host disease and of encouraging
the proliferation of populations which benefit the host. The
therapeutic value of such advances may prove relevant to a
much wider range of disorders.
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