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Haematology is a diverse specialty embracing clinical
and laboratory aspects of adult and paediatric disease,
both malignant and non-malignant. We describe here
some of the progress that has been made in diagnostic
and therapeutic strategies. Molecular advances are
continuing at a phenomenal rate (exceeding the rate of
progress in therapeutics), offering highly sensitive
methods for disease detection and, in some disorders,
prospects of cure through gene therapy.

Methods
We used information from recent key meetings,
including those of the British Society for Haematology
and the American Society of Hematology; leading arti-
cles in major haematology journals; and discussion
with colleagues. The choice of topics covered is largely
personal, and owing to space restrictions we have not
included every “advance” within the specialty.

Anaemias
Distinguishing between anaemia due to iron deficiency
and anaemia of chronic disease is a difficult but
common problem in medical practice. Anaemia of
chronic disease is complex and involves inflammatory
cytokines,1 reduced marrow response to erythropoi-
etin, reduced red cell life span, and impaired reuse of
iron.2 In typical, uncomplicated iron deficiency
anaemia the haemoglobin concentration, mean cell
volume, and serum ferritin and iron concentrations are
reduced with raised total iron binding capacity; unfor-
tunately cases are often not typical, and the results of
these tests may seem conflicting. Furthermore, if a
patient with anaemia of chronic disease is also iron
deficient, the parameters for diagnosing iron defi-
ciency are altered, making the diagnosis difficult; often
a bone marrow aspirate, stained for iron, is the only
method for accurately assessing iron status. This is
expensive, time consuming, and unpleasant for the
patient. Recently the serum transferrin receptor assay
has been developed, enabling more accurate assess-
ment of iron status in this group of patients.

Serum ferritin, a 480 kDa multisubunit protein,
represents the body’s iron storage pool. A reduced
serum ferritin concentration generally indicates deple-
tion of the iron stores. Ferritin, however, is an “acute
phase protein,” whose concentration is raised in
inflammatory disorders; in a patient with, for example,
active rheumatoid disease the ferritin concentration
may be normal (or even raised) even if the patient is

truly iron deficient. The transferrin receptor assay aims
to distinguish clearly between simple iron deficiency
and anaemia of chronic disease in most cases.

How does the transferrin receptor assay work?
Transferrin is a protein that carries plasma iron. Cells
that require iron express the transferrin receptor on the
cell surface.3 The receptor binds plasma transferrin with
bound iron atoms, after which the transferrin receptor-
transferrin complex is internalised (fig 1). After unload-
ing the iron atoms, the transferrin receptor-transferrin
complex moves back to the cell surface and dissociates,
leaving transferrin free to pick up further iron atoms. In
iron deficiency anaemia the number of transferrin
receptors increases (is upregulated),4 whereas in
anaemia of chronic disease the number of transferrin
receptors remains normal. Assays for transferrin recep-
tors may be performed on serum with an enzyme linked
immunosorbent assay (ELISA), allowing large numbers
of samples to be batch tested. According to available
data, the test seems as reliable as testing bone marrow
aspirate for diagnosing iron deficiency and should be
valuable in patients with rheumatology disorders and
others with inflammatory disorders.

Haemophilia
Haemophilias A (factor VIII deficiency) and B (factor
IX deficiency, Christmas disease) are X linked bleeding
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disorders affecting 1:10 000 and 1:60 000 males
respectively. Depending on the clotting factor concen-
trations, the disease is divided into mild ( > 5% factor),
moderate (2-5%), or severe ( < 2%). The cornerstone of
haemophilia management has been the replacement
of the deficient factor with purified concentrate of fac-
tor VIII or IX as home therapy. Treatment for patients
with mild haemophilia will tend to be given on
demand (on the evidence of a bleed), whereas patients
with severe haemophilia will receive prophylaxis from
the age of 1-2 years (this artificially converts the
haemophilia from severe to mild, resulting in a signifi-
cant reduction in arthropathy).5 Today, although
purified clotting factors are relatively safe with respect
to bloodborne viruses (hepatitis and HIV), the risk of
new variant Creutzfeldt-Jakob disease is indetermin-
able, and inhibitor development must also be
considered an important issue.

Until recently, most clotting factors used for
treating haemophilias A and B were obtained by the
extraction and purification of clotting factor from
pooled human plasma, with all the attendant risks this
brings—for example, transmission of HIV and hepatitis
C virus. Recombinant factor VIII concentrates were
developed during the 1980s after the structures of the
genes for factors VIII and IX were determined;
currently available recombinant factor VIII concen-
trates include Recombinate (expressed in Chinese
hamster ovary cells in culture), Kogenate (expressed in
baby hamster kidney cells), and Refracto (second gen-
eration recombinant factor VIII lacking part of the
gene, expressed in Chinese hamster ovary cells6). All
patients under 16 years are now being treated with
recombinant factor VIII. Recombinant factor IX will
also be available in the near future.7

Patients may still be exposed to viruses, however, as
the cells that express recombinant proteins (as
described above) may themselves harbour viruses. In
addition, the cells are grown in complex culture media
containing fetal calf serum, bovine serum albumin, and
other nutrients that may also harbour viruses. Finally,
many factor concentrates are stabilised with human
albumin, which may harbour viruses too. Third

generation products, available in the near future, will
have no added human or bovine protein.

Disorders associated with increased risk
of thrombosis
The term thrombophilia is used to describe inherited
or acquired disorders of blood coagulation that result
in an increased risk of thrombosis. The number of her-
itable disorders has grown considerably since the
discovery of antithrombin III deficiency in 1965.
Recently described inherited polymorphisms include
mutations of the factor V and prothrombin genes.
Of major interest is the recent finding that thrombo-
philia is associated with recurrent fetal loss and
pre-eclampsia.

Factor V mutations
Several hereditary causes for thrombosis have been
described (box), but there are still many cases of famil-
ial thrombotic disease for which the underlying cause
is not known. Major advances have been made,
however—notably, the discovery of the factor V
(Leiden) and prothrombin gene mutations. The factor
V Leiden mutation was described by Bertina and
coworkers8 after observations made by Dahlback et al
that in plasma samples from one family with
thrombotic tendency the effect of activated protein C
was reduced.9 Activated protein C is a key anticoagu-
lant that rapidly downgrades thrombin generation by
cleaving and inactivating phospholipid-bound acti-
vated forms of coagulation factors V and VIII (factors
Va and VIIIa). The inactivation takes place at three
sites: Arg506, Arg306, and Arg679. Resistance to activated
protein C, resulting in a poor anticoagulant response,
is present in 5-10% of normal subjects in Europe but is
virtually absent in Japanese and in Africans.10 11 Factor
V Leiden, first described in the Leiden thrombophilia
study,8 is a variant factor V caused by the substitution of
Gln at Arg506 and is responsible for 90% of the cases of
resistance to activated protein C. Recently, a new factor
V mutation associated with this resistance has been
described where the amino acid substitution is at Arg306

(factor V Cambridge).12 The factor V mutations are
associated with an estimated relative risk of venous
thrombosis of about 7 for heterozygotes12 13 and about
80 for homozygotes.14 The phenotype for resistance to
activated protein C is heterogeneous and influenced by
multiple genetic and environmental factors, such as
pregnancy, the contraceptive pill, and increased
concentrations of factor VIII.

Fig 1 Transferrin receptor expressed on cell surface binds transferrin
bound to two iron atoms. The transferrin receptor-transferrin
complex is internalised; iron dissociates and moves into cytosol; and
transferrin receptor-transferrin complex moves back to plasma
membrane and dissociates (TfR=transferrin receptor;
monoFeTf=transferrin bound to one iron atom; diFeTf=transferrin
bound to two iron atoms; apoTf=transferrin lacking bound iron;
H+=hydrogen ion)

Inherited disorders associated with
hypercoagulability
• Antithrombin (previously termed antithrombin III)
deficiency
• Protein C deficiency
• Protein S deficiency
• Resistance to activated protein C and factor V
Leiden mutation
• Prothrombin gene mutation
• Abnormalities of fibrinogen or plasminogen
• Factor XII deficiency
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Prothrombin gene mutation
Prothrombin is the precursor of thrombin, a key
enzyme in haemostasis and thrombosis. Poort and col-
leagues have examined the prothrombin gene in detail
using molecular techniques—for example, polymerase
chain reaction with DNA sequencing—in patients with
venous thromboembolism. Of these patients, 18% had
a G→A switch at nucleotide 20210 in the 3′
untranslated region of the gene15; this was found in
only 1% of normal control subjects.16 In a population
based, case-control study the researchers found that
this mutation increased the frequency of venous
thromboembolism threefold, with raised plasma
prothrombin concentrations in subjects with the
mutant allele. Other genetic disorders with increased
tendency to thromboembolic disease will be described
in the near future.

Homocysteinaemia and thrombotic disease
Homocysteine is a amino acid that contains sulphur,
and the homocysteine pathway involves enzymes that
require vitamin B-12, folate, and pyridoxine as
cofactors. High blood concentrations of homocysteine
are an independent risk factor for both venous and
arterial thrombosis. Abnormalities of homocysteine
metabolism may occur through inherited or nutri-
tional disorders (box). In nutritional deficiencies, frank
deficiency of vitamin B-12 or folate will lead to mega-
loblastic anaemia, and milder deficiencies are associ-
ated with a predisposition to thrombosis. In the
inherited form the high concentrations of homo-
cysteine directly damage the vascular system. Patients
homozygous for an inborn error of metabolism result-
ing in homocystinuria and hyperhomocysteinaemia
were first reported to be prone to precocious occlusive
vascular disease by McCully in 1969.17–19 The assay of
plasma homocysteine has now been added to the ever
growing number of procedures in screening for
thrombophilia.

Malignant disorders
There have been few recent major haematological
advances in malignant disorders, and most work on
acute and chronic leukaemias has focused on refining
treatment protocols through ongoing clinical trials.
New agents, including the purine analogues (such as

fludarabine and 2-chlorodeoxyadenosine), have
proved useful for treating chronic lymphoid malig-
nancies, including chronic lymphocytic leukaemia and
hairy cell leukaemia, and specialists are keen for oral
preparations of these drugs to be developed for use in
outpatients.

Herpes virus and multiple myeloma
The bone marrow microenvironment has been shown
to be important in the pathogenesis of multiple
myeloma, and non-malignant cells in the marrow may
promote the growth of malignant cells.20–22 Recently a
human herpesvirus, originally described in patients
with Kaposi’s sarcoma and termed KS-associated
herpesvirus, has been found in bone marrow dendritic
cells of patients with myeloma (although not found in
malignant plasma cells themselves).23 This herpesvirus
has been found in 25% of patients with monoclonal
gammopathy, a disorder that may transform to
myeloma in a small proportion of cases.24 Through in
situ hybridisation, KS-associated herpesvirus was
found in 18 of 21 patients with myeloma but not in
patients with other haematological malignancies or in
normal subjects. In addition, the myeloma dendritic
cells were found to transcribe viral interleukin 6, the
human homologue of which is a growth factor for
myeloma cells. No clear evidence exists yet for the
direct role of KS-associated herpesvirus in the
development of myeloma, but the circumstantial
evidence does seem to support its importance. The
results of current studies are awaited.

The future
Screening for specific mutations
Most molecular tests—for example, Southern blotting,
polymerase chain reaction, DNA sequencing—are
labour intensive, expensive, and suitable for testing
relatively small numbers of samples. New, DNA based
chip technology may speed up this process, allow
larger numbers of samples to be tested simultaneously,
and reduce the cost. The US company Affymetrix has
designed GeneChip probe arrays, in which glass wafers
are covered with lawns of short oligonucleotides of
known sequence (fig 2).25 The chip is encased in plastic,
and all reactions take place in a closed system. Test

Causes of hyperhomocysteinaemia

Inherited
Enzyme deficiencies
Cobalamin coenzyme synthesis
Methionine synthase
Others

Transport defects
Transcobalamin II deficiency

Acquired
Vitamin B-12 deficiency
Folate deficiency
Pyridoxine deficiency
Chronic renal disease
Hypothyroidism
Folate antagonists—for example, methotrexate
Vitamin B-12 antagonists—for example, nitrous oxide

Other advances in haematology
• Stimulation of fetal haemoglobin production to
ameliorate sickling disorders
• Transplantation through the umbilical cord,
including bone marrow transplantation from
unrelated donors
• Arsenic for treatment of acute promyelocytic
leukaemia (M3)
• Bisphosphonates shown to be of value in myeloma
bone disease
• Low molecular weight heparins for treatment of
thrombosis
• Identification and mapping of hereditary
haemochromatosis mutation
• DNA vaccine trial for treatment of lymphomas and
other haematological cancers
• Modification of drug resistance in tumour cells
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DNA binds with complementary sequences on the
chip. The resultant geometric pattern of sequences
defines the nature of the underlying mutation in the
test sample. Manufacturing involves a photolitho-
graphic process in which a mask is used to selectively
activate synthesis regions on the chip. One expression
chip can analyse hundreds of different genes, while the
p53 (tumour suppressor gene) chip analyses all known
mutations in the p53 gene.

Gene chip technology promises to be a powerful
approach for parallel analysis of hundreds of
thousands of distinct sites in the genome. The technol-
ogy is currently being used in the fields of genomics,
disease management, and genotyping—and perhaps
eventually will be used for diagnosis. It will allow
diseases to be linked to specific mutations and will
enable analysis at population level. Such technology
should link in well with the human genome project, the
goal of which is to sequence the entire human genome
and establish physical and genetic maps. Other
technologies that will have a major impact over the
next few years include real time polymerase chain
reaction analysis (for accurate quantitation of specific
DNA sequences) and spectral (colour based) karyotyp-
ing for use in accurate detection of structural chromo-
some abnormalities.

Molecular therapeutics
Molecular therapeutics is an exciting area, and
worldwide trials of the many potential applications are
under way. Major molecular strategies include anti-
sense therapy, whereby short oligonucleotides are con-
structed that bind to target mRNA, preventing its
processing and translation (and hence protein produc-
tion).26 Molecular targets include BCR-ABL in chronic
myeloid leukaemia27 and oncogenes such as c-myc, ras,
and cyclin D, which are overexpressed in several
haematological malignancies.28 An alternative strategy
involves ribozyme technology, in which small RNA

molecules are engineered that bind to target RNA spe-
cies, causing their cleavage and destruction.29
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Fig 2 GeneChip array (Affymetrix), a closed system containing many oligonucleotides on a
lawn to which test DNA is added, has potential to screen for large numbers of mutations.
Figure shows the closed chip, the lawn to which test samples hybridise, and magnified view
of result for p53 analysis
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