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Increased serum concentrations of tumour
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Abstract
Aims: Serum concentrations of tumour
necrosis factor-a (TNF) were determined
in Pi thalassemic patients before and after
bone marrow transplantation (BMT) to
evaluate whether changes in TNF concen-
trations after BMT were related to
immune mediated complications.
Methods: Serum TNF concentrations
were determined by enzyme linked
immunoassay (ELA) in paired samples
from 71 patients with p thalassemia
before and after BMT. Serial samples
from 13 patients were also studied for up
to six months after BMT. Forty one nor-
mal healthy children matched for sex and
age were studied as controls.
Results: I thalassemic patients had high
serum TNF concentrations before trans-
plantation compared with controls. These
were not related to sex, age, duration of
disease, number of blood transfusions,
transferrin concentrations or splenec-
tomy. DQwl positive patients showed sig-
nificantly lower TNF concentrations than
non-DQwl cases. Patients with severe
liver fibrosis had significantly higherTNF
concentrations. No correlation was found
between TNF values and BMT outcome
before transplantation but TNF a values
fell significantly after BMT. The decrease
persisted only in patients with successful
engraftment. In serial samples studied
for up to six months after BMT, TNF
values decreased but in four out of five
patients with graft rejection and in all five
with acute graft versus host disease
(GVHD) sharp increases occurred at the
time ofclinical symptoms. No correlation
was found between the degree of GVHD
and serum TNF-a concentrations nor be-
tween TNF-a concentrations after BMT
and the presence of bacterial, viral, and
fungal infections.
Conclusions: About 50% of fi thalassemic
patients have increased serum TNF, and
the changes after BMT are related to the
occurrence of immune mediate com-
plications. The persistence of low TNF
concentrations after successful engraft-
ment may be due to the preparative
regimen and the lack of adverse immune
reactions.

Tumour necrosis factor a/cachectin (TNF) is a
17 kilodalton cytokine that is synthesised by
monocytes/macrophages, natural killer cells/
large granular lymphocytes, and T lym-
phocytes subsets.' Its role in inflammation is
important, emphasised by the variety of infec-
tious and immunological stimuli which can
induce TNF synthesis and by the variety of
proinflammatory actions exerted by this cyto-
kine which include activation and degranula-
tion ofneutrophils, upregulation of surface cell
adhesion molecules expressed on neutrophils
and endothelial cells, induction of
procoagulant activity, synthesis of prostaglan-
din E2 and IL-I and fibroblast proliferation.2
High affinity membrane receptors for TNF can
be found in normal tissue including liver,
kidney, intestine and lung.34 All these proper-
ties make TNF a plausible candidate as a
mediator of the major adverse immunological
responses which can occur after bone marrow
transplantation (BMT)-namely, graft versus
host disease (GvHD) and graft rejection.
Antibodies toTNF have already been shown to
mitigate the effect of acute skin and bowel
lesions in the acute phase of GvHD' when
administered prophylactically to mice. Furth-
ermore, in addition to endotoxaemia and severe
infectious purpura,6 raised circulating TNF
concentrations were found during acute rejec-
tion episodes after kidney transplantation.7
Some immunological abnormalities have

been documented in thalassaemia major,8
including decreased natural killer cell and
macrophage activity, reduced mixed lym-
phocyte reaction, and increased numbers of
CD8 positive cells. Some of these changes can
be related to the number of transfusions the
patients received and others may be attributed
to the immunological effects of iron overload.9

Methods
From the series of 222 patients reported else-
where,"1-3 we randomly selected 71, classifying
them according to outcome of bone marrow
transplantation.'4 Nineteen had acute graft ver-
sus host disease (GvHD), 11 chronic GvHD, 23
had rejected the transplant and 18 were free of
disease.
Twenty four had received up to 100 trans-

fusions and 47 more than 100 transfusions. The
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spleens had been removed from 16 patients
before undergoing bone marrow transplanta-
tion. Patients were human leucocyte antigen
(HLA) typed for A, B, C, DR and 37 were
typed for DQw using standard techniques.'"16

Liver biopsy was performed in 60 patients as
part of liver disease assessment before trans-
plantation. The presence of siderosis and
fibrosis was evaluated by semiquantitative
scoring: absent, mild, moderate, severe. Fif-
teen patients presented with chronic active
hepatitis and 13 with chronic persistent
hepatitis; none had cirrhosis.
Serum samples were obtained from all

patients (mean 31 (SEM 6) days) before trans-
plantation and subsequently seven to 380 days
after transplantation. In patients with GvHD
or graft rejection the sample taken after trans-
plantation was obtained at the onset of trans-
plant complications. Serial serum samples were
obtained from 13 patients (three with success-
ful engraftment, five with graft rejection, and
five with acute GvHD) (three to seven samples
from each patient) during the first two to three
months after transplantation. Blood samples
were obtained from each patient between 0700
and 0900 hours and left to clot at room tem-
perature. Serum samples were stored at - 70'C
until analysis.
The preparative regimen for bone

marrow transplantation has been described
previously."

EVALUATION AFTER TRANSPLANTATION
Infection was diagnosed on the basis of clinical
evaluation and blood cultures which were
drawn whenever the patients had a temperature
of 38'C or more. Oral cultures for herpes
simnplex virus and Candida were taken weekly.
Documented sepsis was defined as a positive
blood culture; a documented fungal infection
was defined by positive histological results or
positive cultures with appropriate clinical find-
ings. Viral infection was defined by a positive
blood culture or by a clinically important
increase in IgM class specific antibodies.

Acute and chronic GvHD was diagnosed and
graded according to established criteria.'7
Engraftment was evaluated according to /

globin chain synthesis or chromosomal
analysis, or both.
Serum samples were obtained from 41 nor-

mal healthy children matched for sex and age
attending the outpatient clinic at Pesaro hosp-
ital (seven cases) and at King's College Hosp-
ital, London (34 cases) for routine checks. No
significant difference has ever been found in
TNF serum concentrations between Italian
and British children.

TNF ASSAY

Circulating TNF was determined by an
enzyme immunoassay (EIA) with two mono-
clonal antibodies to TNF (T Cell Sciences,
Cambridge, Massachusetts). The first mono-
clonal antibody was adsorbed on to polystyrene
microtitre wells after 18 hours of incubation at
40C. After washing, serum samples were added
undiluted and incubated for two hours at 370C.
After washing, peroxidase conjugated anti-
TNF monoclonal antibody was added and
incubated for two hours at 370C. Finally, OPD
substrate was added and the reaction stopped.
The plates were read in an EIA reader (Bio
Rad), interfaced with an IBM personal com-
puter XT. Mean absorbance (at 492 nm) values
from patient samples were plotted on a stan-
dard curve obtained from reference standards
of 0, 40, 150, 500., 1000 pg/ml of recombinant
TNF. Standard curve coefficients of correla-
tion always exceeded 0-95: 1 mg of TNF used
as a standard is reported to be equivalent to 2 x
i0O' units of activity, as defined by actinomycin
treated L 929 cytotoxicity assay. The test is
reported to have a mean interassay coefficient of
variation of less than 8%. The optical density
units were converted into pg/ml by the Rio Rad
ELISA data analysis software.

Because of the skewed distribution of TNF
values, non-parametric tests were used to
analyse data: Wilcoxon's test for paired
observations, the Mann Whitney U test for
independent values. Kendall's coefficient of
correlation was used to compare TNF concen-
trations and the results of liver histology.
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Results
BEFORE TRANSPLANTATION
No'significant difference in cytokine concen-
trations among the pre transplant samples from

0*the four bone marrow transplantation outcome
groups was found. We therefore also con-

eoe
sidered the whole group of fi-thalassaemic

0. patients and compared them with the controls.
* ~~Beta thalassaemic patients had higher serum

TNF concentrations than controls (fig 1A).
* (8) TNF concentrations in /3 thalassaemic patients

were not related to sex, age, disease duration,
number of blood transfusions, splenectomy,

on-DQwl transferrin concentrations or drug treatment
Bitents for engraftment.
rients (A) Patients carrying the DQwl antigen showed
(SEM) significantly lower TNF concentrations com-

pared with those without (fig lB). No associa-
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Figure 2 Serum TNF
concentrations in fJ thalas-
saemic patients with
different degrees of liver
fibrosis. Mean (SEM)
values are presentedfor
each group.
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Figure 3 Serum TNF concentrations in thalassaenic patients before and after bone
marrow transplantation. (0) Bacterial infection; (0) fungal infection; (A) viral
infection; (A) bacterial andfungal infection. Mean TNFG concentations are presented
for each group.

tion was found between TNF concentration
and DR2, DR3, DR4, DR5, DRw6, and DR7
antigens. Patients were severe fibrosis had
significantly the higher TNF concentrations
compared with those with no, mild, or
moderate liver fibrosis (fig 2).
No relation was found between TNF con-

centrations and the presence of chronic persis-
tent or active heptatitis, and the degree of
siderosis (data not shown).

AFTER TRANSPLANTATION (FIG 3)
In patients who had a successful engraftment
TNF fell significantly. In contrast, in patients
with GvHD or rejection TNF concentrations
were no different from the concentration before
bone marrow transplantation.
No relation was found between TNF con-

centration and the presence of bacterial, viral,
and fungal infections after transplantation
(fig 3). TNF concentrations were > 10 pg/ml
in only eight of 24 patients with infections.

Discussion
The main results of this study are: (1) an

A

Days

-10 BMT 10 20 30
Days

Figure 4 (A) Sequential serum TNF concentrations in
three thalassaemic patients with successful engraftment.
(B) Sequential serun TNF concentrations infive thalas-
saemic patients with graft rejection. Arrows indicate the
day rejection was diagnosed.

increase in TNF in thalassaemia; (2) a corre-
sponding decrease after bone marrow trans-
plant; (3) an increase during immunological
complications. The broad distribution ofTNF
concentrations accords with the significant
differences among individuals in the levels of
TNF synthesis by stimulated mononuclear
cells observed by Jacob and coworkers'8 in
healthy subjects.
We found that substantial increases in TNF

occur in about 50% of f thalassaemic patients.
It is noteworthy that the patients from our
series with the highest TNF concentrations
(> 100 pg/ml) did not present with symptoms
or signs related to TNF associated syndromes
(endotoxic shock or cachexia). Indeed, the
immunoassay we used may detect TNF
molecules without biological activity. Other
investigators have found high TNF concentra-
tions in healthy subjects.'920 We suggest that
the lack of systemic harmful effects may be
related to regulatory factors, such as autoan-
tibodies2' or soluble cytokine receptors22 23
which may modulate the systemic biological
activity of the cytokine. TNF is probably
increased as a consequence ofrepeated immune
stimulation. Thalassaemic patients are gen-
erally prone to several antigenic stimulations
such as repeated blood transfusions and infec-
tions. In our study we used a crude evaluation
of the transfusion received by the patients. The
immunogenicity of blood transfusion also
varies in different patients according to their
blood groups; thus the lack of a relation bet-
ween TNF concentrations and the number of
transfusions is not surprising.
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Figure 5 Sequential serum TNF concentrations infive thalassaemic patients with
GVHD. Solid bars indicate clinical manifestation of acute GVHD. Four out offive
patients were typedfor DQw antigen. ND=DQw typing not done.

We observed that DQwl positive patients
had significantly less circulating TNF before
bone marrow transplantation than DQwl
negative patients. The follow up study of
patients with GvHD also confirms the relation
between TNF synthetic capacity and DQwl
positivity. Our finding is in keeping with the
previous report by Jacob and coworkers,'8 who
found that DQwl positivity was associated
with a low TNF production in mitogen
stimulated mononuclear cells from normal
subjects. We did not find any association bet-
ween TNF concentration and other HLA class
II antigens in contrast to Jacob et al,'5 who
found increased TNF production by DR3 and
DR4 positive subjects and, conversely,
decreased TNF production by DR2 positive
subjects.

In our study high TNF concentrations
before bone marrow transplantation were also
associated with the presence of severe liver
fibrosis. This is of particular interest as one of
the best characterised properties ofTNF is its
growth promoting activity on fibroblast cell
lines.24 25 Furthermore, Piguet and coworkers26
showed that TNF has a central role in the
pathogenesis ofexperimental lung fibrosis. Our
results may suggest that TNF is also involved
in the pathogensis of thalassaemia associated
liver fibrosis.

After bone marrow transplantation, patients
with successful engraftment showed a sig-
nificant decrease in TNF concentrations,
probably as a consequence of the preparative
drug regimen for GvHD prophylaxis and the
lack of immunological complications. A tem-
porary fall in TNF concentrations was also
observed during the immediate period after
transplantation in patients with acuteGvHD or
rejection, but sharp increases in TNF concen-
trations were shown when these complications
arose. Because of our sampling procedure we
were unable to show an early TNF increase
before the clinical manifestation of GvHD or

rejection. An early TNF increase before these
episodes was documented by Holler et al,27 who
suggested a prognostic value for TNF. TNF
also seems to be relevant in the pathogenesis of
bone marrow transplantation complications.

Evidence in support of this hypothesis has
been produced by Piguet et al,5 who showed the
effect of anti-TNF in skin and gut lesions of
acute GvHD in mice. Surprisingly, these auth-
ors did not detect any TNF activity in the sera
of transplanted mice. This discrepancy could
be due to the different sensitivities ofthe assays
used or, more probably, to the presence of
TNF inhibitors interfering in the bioassay.'

In conclusion, our study documents a fur-
ther immunological abnormality in thalas-
saemia major and suggests that there is a role
for TNF in the hepatic fibrogenic process
which occurs in this disorder. After bone
marrow transplantation, in absence of the
vigorous immune stimulations of GvHD and
rejection, TNF falls to low levels. TNF pertur-
bations inGvHD and rejection probably reflect
the activation of monocytes/macrophages and
lymphocyte subsets which occur during the
immunological complications of bone marrow
transplantation.'
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