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SUMMARY The concentration of ferritin was measured in the pleural fluid of 108 patients with
pleural effusions. In all groups of patients the ferritin concentration was higher in pleural fluid
than in serum. The greatest differences, with up to 100 times more ferritin in the pleural fluid,
were found for patients with rheumatoid pleurisy, malignant effusions, and empyema. In patients
with non-malignant inflammatory pleural effusions the concentration of ferritin in pleural fluid
correlated significantly with other pleural fluid indices of inflammation: there was a positive
correlation with lactate dehydrogenase activity and a negative correlation with concentrations of
glucose and complement components C3 and C4. Ferritin was detected immunocytochemically
only in the macrophages found among the pleural fluid cells.
Our study shows that large amounts of ferritin accumulate locally in the pleural cavity in

certain types of pleural inflammation. The accumulation is probably partly the result of increased
local reticuloendothelial system activity. Determination of the concentration of ferritin in pleural
fluid may provide corroborative information for differential diagnosis and may further our under-
standing of the pathogenetic events that lead to the perpetuation of inflammatory activity in
pleural effusions.

Ferritin, an iron storage protein with a molecular
weight of about 450 000, in apoferritin form, is
found mainly in the liver and in cells of the
reticuloendothelial (mononuclear phagocyte) sys-
tem. In healthy adults the concentration of ferritin in
serum is positively correlated with the iron stores in
the body.'

Determination of serum ferritin is useful in the
diagnosis of iron deficiency anaemia and iron
overload-for example, haemochromatosis.
Increased serum concentrations of ferritin have
been found in patients with severe liver disease-for
example, patients with alcoholic liver disease,2 and
viral or drug induced hepatic necrosis.3 High con-
centrations of serum ferritin have also been reported
for patients with malignancies, particularly those
with cancer of the breast, lung, pancreas, or liver,
but also for some patients with leukaemia and
Hodgkin's disease.'4 In the inflammatory response
ferritin possibly behaves as an acute phase pro-
tein57'; in rheumatoid arthritis, concentrations of
ferritin in synovial fluid have been found to be
increased when compared with serum values.8
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This study was undertaken to determine the diag-
nostic value of measuring the concentration of ferri-
tin in the serum and pleural fluid of patients with
pleural effusions caused by different diseases.
Biochemical and immunological measurements of
inflammatory activity in the pleural cavity were cor-
related with the results of ferritin assays in order to
elucidate the pathogenetic events of pleural effu-
sions.

Patients and methods

One hundred and eight patients with pleural effu-
sion were studied. Paired samples of serum and
pleural fluid were collected from 70 patients, and for
the remainder only pleural fluid was studied. The
cause of the pleural effusion was determined for
each patient from clinical, laboratory, and radiologi-
cal findings. The patients were divided into groups
on the basis of their final diag oeis (Table 1).

Total and differential leucocyte counts, erythro-
cyte counts, lactate dehydrogenase activity, and
concentrations of total protein, glucose, and com-
plement components C3 and C4 were determined as
described previously.9
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Table 1 Groups ofpatients studied

No ofpatents Sex ratio (M:F) Age (yr) Mean (range) Diagnosis

5 5:0 61 (35-76) Parapneumonic effusion
5 5:0 71 (56-84) Bacterial empyema

12 10:2 57 (26-80) Tuberculous pleurisy*
9 8:1 54 (39-70) Rheumatoid arthritist
3 2:1 35 (18-51) Systemic lupus erythematosust

51 29:22 55 (33-84) Pleural effusions caused by cancer: 26 patients with
pulmonary carcinoma and 4 with malignant
mesothelioma; 12 patients with extrapulmonary
cancer; 9 patients with cancer and evidence of liver
metastases

4 0:4 77 (56-86) Transudative pleural effusions caused by congestive
heart failure

19 13:6 61 (32-83) Non-specific pleural effusions
Diagnosis was made after the above mentioned types of

pleurisy had been ruled out

*In seven patients the diagnosis was based on a positive culture of Mycobacterium tuberculosis or a pleural biopsy specimen compatible
with active tuberculosis. In five patients the diagnosis was based on clinical findings and a favourable response to specific antituberculous
treatment.
tDiagnosed according to criteria of the American Rheumatism Association.

Table 2 Median concentration ofserum ferritin for each group ofpatients

Diagnosis Men Women

Serum ferritin concentration No ofpatents Serum ferritin concentration No ofpatients
(pg/l) Median (range) (pgll) Median (range)

Inflammatory pleural effusion* 210 (50-1580) 31 138 (51-430) 7
Empyema 269 (55-1750) 5 - -
Congestive heart failure -- - 102 (50-840) 4
Cancer 230 (78-560) 12 165 (18-290) 8
(3 patients with liver metastases

were excluded)

*Tuberculosis, pneumonia, rheumatoid arthritis, systemic lupus erythematosus, and non-specific pleural effusions.

Pleural fluid was analysed cytologically and
stained and cultured for the presence of bacteria,
including M tuberculosis. For measurement of ferri-
tin concentration blood and pleural fluid were col-
lected on the same day. After centrifugation the
serum and pleural fluid were stored at - 20°C until
assayed. Ferritin was measured by an
immunoradiometric method (Ramco Laboratories
Inc, Houston, Texas)'"0 with human spleen ferritin
as the standard. Recovery of spleen ferritin added to
pleural fluid samples was 93-118%, mean 108%
(n = 6). Dilution curves of pleural fluid samples
paralleled those of the standards, which indicates
immunological identity of pleural fluid and spleen
ferritin in the assay. The reference values for the
concentration of ferritin in serum were 20-120 ,ug/l
for women and 40-240 ,ug/l for men. Because of
differences between men's and women's concentra-
tions of ferritin, the results are presented separately.
Immunocytochemical visualisation of ferritin in

pleural fluid cells was performed using an
immunoperoxidase technique.'2 Cytocentrifuged
pleural fluid cells were fixed in formol-calcium
(Baker's solution). The cells were then washed, and
endogenous peroxidase in the cells was inactivated
by treatment with methanol and hydrogen peroxide.

The cells were washed again in phosphate buffered
saline and then treated for 30 min in succession
with rabbit antihuman ferritin (dilution 1/200,
Dakopatts, Copenhagen, Denmark), sheep antirab-
bit gammaglobulin (1/20), and rabbit antihorserad-
ish peroxidase (1/150) Between each application of
antiserum the cells were washed twice for 5 min with
phosphate buffered saline. After incubation with
horseradish peroxidase the enzyme was identified by
the method of Graham and Karnovsky.'3 Control
staining was performed either with an antiserum
absorbed with ferritin (Sigma Chemical Company,
USA) or by omitting the primary antiserum.

Statistical significance was tested by Wilcoxon's
rank test and linear regression analysis.

Results

Table 2 gives the median concentration of ferritin in
serum for each group of patients. No significant dif-
ferences were found between the values.

Figs. 1 and 2 show the concentrations of ferritin in
the pleural fluid of patients with non-malignant dis-
eases and of patients with cancer, respectively.
Median values are given in Table 3. Significant dif-
ferences between the median values of ferritin in the
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Pneum Empyemac Tbc Non-specific RA SLE CHF
(5) (5) (10) (2) (13) (6) (8) (1) (2) (1) (4)

)00* 0

*0 0 0 0

Range M 540-1300
F

860-23 000 390- 2050 39-34 500 1420-72900 188-1750
- 440-1300 180-1290 - - 68-1700

Fig. 1 Concentrations offerritin in pleural fluid. Values for men (@) and women (0) are shown
separately. Pneum = pneumonia; Tbc = tuberculosis; RA = rheumatoid arthritis; SLE = systemic lupus
erythematosus; CHF = congestive heart failure.

Table 3 Median concentration offerritin in pleural-fluid for each group ofpatients

Diagnosis Men Women

Pleural feuid ferritin No ofpatients Pleural flid ferritin No ofpatients
concentration (g/lt) Median concentration (pgll) Median

Pneumonia 915 5 -
Empyema 7000 5 -

Tuberculosis 1685 10 870 2
Non-specific pleural effusions 780 13 350 6
Rheumatoid arthritis 5390 8 1800 1
Systemic lupus erythematosus 970 2 1450 1
Congestive heart failure - - 1265 4
Pulmonary carcinoma 1765 22 1200 8
Extrapulmonary carcinoma 3900 2 585 10
Cancer and evidence of liver 7900 5 1895 4

metastases
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Extra
Pulmonary pulmonary Liver
carcinoma carcinoma metastases
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Range 355-3675 61-1790 610-10700 230-5700 1750-6050 2715-9550

Fig. 2 Concentration offerritin in the pleural fluid ofmen (X) and women (0) with cancer. The median
concentration is indicated by the bar and the range is seen below the figure.
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pleural fluid were as follows: men with rheumatoid
arthritis had significantly higher concentrations than
men with non-specific pleural effusions (p < 0 05)
or pneumonia (p < 0-01); men with empyema had
significantly higher concentrations than men with
non-specific pleural effusions (p < 0.05); and men
with cancer and signs of liver metastases had
significantly higher concentrations than men with
non-specific pleural effusions (p < 0-05), tuber-
culosis (p < 0-001), pneumonia (p < 0.05), or
cancer of the lung without liver metastases
(p < 0-05).

Table 4 shows the clinical data, serum and pleural
fluid ferritin concentrations, and other indices of
inflammatory activity in the pleural fluid of nine
patients with rheumatoid arthritis. High pleural fluid
ferritin concentrations are associated with increased
lactate dehydrogenase values and low concentra-
tions of complement components in the pleural
fluid.

Table 5 shows the relation between the ferritin
concentrations in pleural fluid and other laboratory
indices of pleural inflammation in men with non-
malignant inflammatory pleural effusions-that is,
patients with tuberculosis, pneumonia, rheumatoid
arthritis, systemic lupus erythematosus, and non-
specific pleural effusions. There was a highly
significant correlation (p < 0.001) between the con-
centration of ferritin and lactate dehydrogenase
activity and an inverse correlation between the con-
centrations of ferritin and complement component
C3.
Immunocytochemical staining of ferritin in

pleural fluid cells showed strong positive staining in
vacuolated macrophages (Fig. 3a), whereas
mesothelial cells, granulocytes, and lymphocytes
were not stained for ferritin. Fig. 3b shows the
absence of specific staining in a cell preparation in
which primary rabbit antiferritin antiserum was
replaced with an antiserum absorbed with purified
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Table 4 Clinical data for nine patients with seropositive rheumatoid arthritis and pleural effusion

Sex Age (yr) Serum ferritin Pleural fluid

Ferritin Leucocyte count Protein Glucose Lactate dehydrogenase C3 (gll) C4 (gll)
(pglI) (x I04/l) (gll) (mmolll) (U/1)

M 51 388 27500 0-62 76 0-1 6472 0-05 0 01
F 62 51 1800 1-25 34 0 3776 0 04 0-02
M 54 81 1495 1-70 39 0 3 944 0-16 0-01
M 70 120 9000 0-57 35 0-2 2016 0 05 0-02
M 39 859 72900 ND 54 0-1 ND ND ND
M 55 195 1420 3 90 57 1-1 891 0-22 0 03
M 51 189 1626 4-20 49 1-2 1316 0 34 0-02
M 44 50 35900 0 55 67 0 3925 0-05 0-02
M 58 1580 1775 ND ND 0-6 ND ND ND

M = men, F = women.
ND = not done.

Table 5 Relation between the concentrations ofpleural
fluid ferritin and pleural fluid indices ofdisease activity in
men with non-malignant inflammatory pleural effusions

Correlation (r) Significance (p)

Absolute leucocyte count -0-05 NS
(n = 31)

Total protein (n = 29) 0-33 NS
Glucose (n = 29) -0-51 <0-01
Lactate dehydrogenase 0-71 <0-001

(n = 29)
C3 (n = 31) -0-56 <0-001
C4 (n = 31) -0-42 <0.05

NS = not significant.

human ferritin.

Discussion

Determination of biochemical, immunological, and
cellular variables in pleural fluid has helped in both
the diagnosis and understanding of the pathogenetic
events of exudative pleural effusions.'4 In the pres-
ent study the concentration of ferritin was higher in
pleural fluid than in serum for all the groups of
patients, including patients with transudative effu-
sions caused by congestive heart failure. The con-
centrations of ferritin in the pleural fluid were four
to one hundred times higher than values in the
blood, the greatest difference being for patients with
empyema, cancer, or rheumatoid arthritis. Although
there are reports of increased serum ferritin con-
centrations in patients with some types of cancer, 4

we did not find significantly higher values in patients
with cancer of the lung when compared with patients
who had inflammatory lung diseases. Measurement
of ferritin concentration in pleural fluid, however,
gave some hint of the diagnosis of malignant pleural
effusion. Patients with cancer but without liver
metastases had high concentrations of ferritin
(above 1000 ,ug/l) in pleural fluid; such high values
were found for two thirds of the men and one third
of the women. Furthermore, patients with cancer
and with liver metastases had even higher ferritin

concentrations in pleural fluid.
The turnover and metabolism of ferritin in effu-

sions is poorly understood. A delayed diffusion of
locally produced, high molecular weight ferritin
from pleural fluid into the circulation could account
for the high ferritin concentrations. In acute infec-
tions and inflammatory conditions the redistribution
of iron from plasma and red blood cell compart-
ments may result in an increased synthesis of ferritin
by the stimulated reticuloendothelial cells. In addi-
tion, ferritin may function as an acute phase reactant
that mirrors disease activity independently of the
metabolism of iron.5 '5 The mononuclear phagocytes
of pleural fluid may have reticuloendothelial system
activity within the pleural cavity aside from the poss-
ible reticuloendothelial like function of the pleural
membrane. Of all blood cells, monocytes have the
highest concentration of ferritin'6; macrophages
were the only cells in pleural fluid in which we
detected ferritin immunocytochemically.
Human leucocytes contain different ratios of

isoferritins.'' Because our assay measures only the
spleen type ferritin, total pleural fluid ferritin con-
centrations have probably been underestimated.

In patients with cancer and liver metastases both
the release of liver cell ferritin and the possibly
reduced liver parenchymal cell clearance of ferritin
may be responsible for the increased ferritin con-
centrations in body fluids.' Besides local tissue nec-
rosis, the production of isoferritins by malignant
cells may increase the ferritin concentration in
pleural fluid.' Iron released into the pleural cavity
even during minor bleeding may also stimulate the
local synthesis of ferritin.'8 Phagocytic events close
to the tumour may stimulate the local release of
ferritin from mononuclear phagocytes, which contain
and synthesise it. It is even possible that ferritin
released from liver cells due to liver cell damage
ultimately reaches the pleural cavity. Fluid passes
from the peritoneal to the pleural space by means of
the abundant lymphatics in the diaphragm. Observa-
tions of the flow routes of particles and proteins
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Fig. 3 Specific immunoperoxidase staining offerritin in pleural fluid macrophages (a) and absence of
staining in control smears (b).
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have suggested that the diaphragmatic lymphatic
system plays the most important part in the absorp-
tion of peritoneal accumulations of fluid.'9

According to the hypothesis presented by Blake et
al, free iron and ferritin are implicated in the
inflammation of joints in rheumatoid arthritis.20
High concentrations of ferritin and ferric iron have
been found in the synovial fluid of patients with
rheumatoid arthritis.5 The phagocytic lining cells of
the synovial membrane have many of the features of
a reticuloendothelial organ.2' In rheumatoid arth-
ritis many of the biochemical changes noted in the
synovial fluid correspond with those seen in the
pleural fluid-for example, decreased concentra-
tions of glucose and complement components (C3
and C4) and increased concentrations of protein and
lactate dehydrogenase activity.9 In rheumatic
exudates the increased concentration of proteins
such as lysozyme, fibronectin, and ferritin-all sub-
stances produced by activated mononuclear
phagocytes-may reflect saturation and defective
function of the reticuloendothelial system in
rheumatoid arthritis.22 In fact, the suggestion of
Blake et a120 that in men with rheumatoid arthritis
the greater iron stores are likely to cause severe

complications and maintain the local inflammatory
process agrees well with the known fact that
rheumatoid pleural effusion is seen mainly in men.

This study was supported by grants from the Sigrid
Jusdius Foundation and Finska Liikaresiillskapet
Helsinki, Finland.
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