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Fibrinogen Split Products, Antiproteases
and Granulocytic Elastase in Patients

with Lung Cancer
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Abstract—Fibrinogen degradation products (FDP) were found in the sera of 409%,
of patients with lung cancer before therapy. In patients with metastatic disease, 22 out
of 26 had FDP in the serum. There was no sign of general intravascular coagulation
and fibrinolysis. Plasminogen, antithrombin III and fibrinogen levels were normal or

higher.

The antiproteases o -antichymotrypsin,

inter-o-trypsin

inhibttor, and  ol5-

macroglobulin, were normal, but o -antitrypsin was found to be increased especially in
patients with metastatic disease. In these patients a granulocytic elastase (ELP) could
be demonstrated to be bound to ay-antitrypsin. This ELP which may be released from
granulocytes by circulating immune complexes, is able to digest fibrin andfor fibrinogen,
leading to the formation of split products similar o those induced by plasmin.
Furthermore, it is shown that the determination of FDP, ELP and o -antitrypsin
{0, — AT) may have a prognostic value in lung cancer patients.

INTRODUCTION

SEVERAL studies indicated an association be-
tween coagulation phenomena, tumor growth,
and the dissemination of cancer cells.
O’Meara [1] e.g., showed that extravascular
deposition of fibrin occurred in and around
the tumor mass. This precipitation was as-
sumed to be caused by a coagulative factor
released by the cancer cells. The formation of
this tumor matrix was believed to be nec-
essary for the growth and spreading of the
tumor. It has been reported that tumor di-
vision would not take place before tumor cells
stuck to the wall of the blood vessels causing
the subsequent formation of a fibrin clot {2].
Fibrinogen degradation products (FDP)
have been demonstrated in cancer patients by
several authors [3,4]. They occur pre-
dominantly in patients with metastases. The
presence of FDP in the serum of cancer
patients may be explained either by a break-
down of extra- and intravascular fibrinogen
and fibrin, by general fibrinolysis or by in-
travascular coagulation with secondary fibri-
nolysis in cancer patients. The purpose of this
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study was to investigate the incidence of in-
creased FDP in patients with lung cancer and

to find the reason for the occurrence of these
FDP.

MATERIJALS AND METHODS

Serum and plasma of lung cancer patients
with various histology were collected before
therapy and stored at —40°C. For the de-
termination of FDP in serum, 2 ml samples of
blood were collected in glass tubes containing
soy bean trypsin inhibitor (approximately
3600 NF units per tube) and bovine thrombin
(20NIH units per tube). In all patients the
extent of disease was determined by broncho-
and/or mediastinoscopy, by nuclear scans of
bone and liver, by chest and bone X-rays,
and by blood chemistries.

Determinations of FDP

FDP were determined in sera by the
Thrombo-Wellcotest  (Wellcome  Reagents
Limited, Beckenham, England). Antibodies
used in this test were produced by means of
highly purified preparations of human fibri-
nogen fragments D and E. After antibodies to
all other serum proteins had been removed by
solid-phase absorption, the specific antibody
globulin was extracted and used to coat by
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absorption a suspension of latex particles in
glycine saline buffer. The sensitivity of the
latex reagent is adjusted so that in the pre-
sence of FDP concentrations of at least 2 ug
(fibrinogen equivalent) per ml, the latex par-
ticles clump together giving macroscopic ag-
glutination. Degradation products were also
determined by one-dimensional immunoelec-
trophyoresis according to Laurell, employing
monospecific antisera against the human fibri-
nogen fragments D and E.

The plasma antiproteases o, -antitrypsin
(0¢y-AT),  a,-macroglobulin = (2,-M),  «,-
antichymotrypsin, and inter-a-trypsin inhi-
bitor, were determined by a radial immunod-
iffusion technique with monospecific antisera
(Behringwerke, Marburg, FRG).

An elastase-like protease (ELP) from hu-
man polymorphonuclear leukocytes was de-
termined in the plasma by one-dimensional
Laurell-electrophoresis  [5].  Complexes be-
tween ELP and «;-AT could be demonstrated
by two-dimensional immunoelectrophoresis
with monospecific antisera to %,-AT and ELP
as described previously [6].

Plasminogen, fibrinogen and antithrombin
IIT (AT III) levels were determined by
radial-immunodiffusion  with  monospecific
antisera (Behringwerke, Marburg, FRG). AT
IIT was also determined using chromogenic
enzyme substrates (Coatest™/Antithrombin,
Kabi Diagnostika, Stockholm, Sweden). In
this test AT IIl activity in plasma is mea-
sured in the presence of an excess of heparin.
Test plasma not defibrinated, is diluted in
buffer containing EDTA and heparin.
Thrombin is added in excess and the mixture
left to incubate at 37°C for 1 min. An amount
of thrombin is inhibited by the "AT III-
heparin complex in proportion to the amount
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all patients

without metastases

to AT 11I. After neutralisation of the heparin
with polybrene, the remaining amount of th-
rombin splits the p-nitroaniline (pNA) from
the substrate. The release of pNA is allowed
to continue for a certain period of time and
then stopped with acetic acid. The absor-
bance of the free pNA measured at 405 nm,
decrcases linearly with increasing concen-
trations of AT III in the 25-123%; range of
normal plasma. The concentration of AT 111
is read from a standard curve prepared from
human normal plasma dilutions.

In all patients platelets, partial prothrom-
bin time, thromboplastin time and factor
VIII activity and factor VIII associated anti-
gen were determined. Circulating immune
complexes were measured by the Cj,-
deviation test as described previously [7]. All
sera were also tested for the presence of
endotoxin using the Limulus test [7]. In ad-
dition factor XIII activity was determined in
the plasma of all patents by a radioactive
method by incorporation of '*C-labelled put-
rescin into casein [8].

RESULTS

Tests for FDP in 55 patients with lung
cancer before therapy showed that no FDP
could be found in the serum of the 29 patents
without metastases. FDP could, however, be
demonstrated in 22 out of 26 patients with
metastases (Fig. 1). Immunologically in these
patients fibrinogen fragments D and E could
be shown by Laurell-electrophoresis. A com-
parison of the fibrinogen levels of patients
without and with metastases showed a dis-
tinctly higher amount of fibrinogen in the
plasma of the latter (Fig. 2). Plasminogen and
AT 111 as determined by radial immunodif-

—

with metastases

Fig. 1. Fibrinogen split producls in patients with lung cancer without and wilh
metastases.
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Fig. 2. Fibrinogen levels in patients with lung cancer without

and with metastases.

fusion were normal in all patients with lung
cancer. Similar results were obtained when
chromogenic substrates were used for assaying
AT III: three patients showed activities be-
tween 60 and 709, five between 70 and 809,
while the majority had more than 809%,. No
abnormal levels of the plasma protease in-
hibitors a,-antichymotrypsin, inter-o-trypsin
inhibitor, and a,-macroglobulin could be
seen. o;-AT, however, was increased in most
patients with metastatic disease (Fig. 3).
Results obtained with two-dimensional
Laurell-electrophoresis are shown in Fig. 4.
When normal plasma was separated by two-
dimensional electrophoresis using monospecific
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Fig. 3. oy-Antitrypsin levels in patienis with lung cancer

without and with metastases.

antisera to a-A'T, a;-AT appeared as a rapid
migrating symmetrical peak (Fig. 4d). The
same procedure was then followed with a
number of sera of patients with metastatic
carcinoma of the lung, with the result that an
additional slowly migrating peak appeared
(Fig. 4b). This additional peak could be iden-
tified using an antiserum against the granu-
locytic elastase-like protease (ELP) for the
second dimension (Fig. 4a). The anti-ELP se-
rum peak corresponded precisely with the
slowly migrating peak which had been de-
tected using an antiserum to o;-AT. These a,-
AT-ELP complexes could not be shown in
normal plasma (Fig. 4c), but have been de-
scribed previously in patients with acute leu-
cemia and septicemia [6,7]. The amount of
ELP in plasma of patients with metastatic
disease could be measured routinely by one-
dimensional electrophoresis using a standard
curve obtained after addition of different
amounts of ELP to normal plasma (Fig. 3).
By this method, ELP could be detected in the
plasma of 19 out of 40 patients with metas-
tatic lung! cancer, but in none of the patients
with localized cancer. The amount of ELP
read from standard curves in one-dimensional
electrophoresis, ranged from 0.2 to 1.5 ug/ml.
They showed a surprising correlation to FDP
levels in the serum of these patients: patients
(Fig. 6) with high ELP levels also had high
amounts of FDP in their serum. All these
patients had metastases. ELP and FDP were
not demonstrable in patients without metas-
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Fig. 6. Correlation between FDP and ELP levels in patients

with metastatic lung cancer.
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tases. When ELP levels and immune com-
plexes were compared in the same patients a
strong correlation existed between these two
parameters (Fig. 7). Endotoxin could not be
detected in any of the patients’ sera. The
factor XIII activity was lower than 509 in
13, between 30 and 1009, in 18, and more
than 1009, in 19 out of 52 patients. The
lowest factor XIII activity was found in pa-
tients with positive ELP in the plasma.
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Fig. 7. Correlation between levels of ELP and circulating
immune complexes (measured as %, inhibition of G, -uptake) in
patients with metastatic lung cancer. :

DISCUSSION

FDP were found in the sera from 40°; of
patients with lung cancer at the time of
diagnosis. It is noteworthy that in 22 out of
26 patients with metastases, FDP could be
demonstrated. The occurrence of FDP in can-
cer patients may be due to disseminated in-
travascular coagulation which has been re-
ported by Davis [7] in cancer patients after
chemotherapy. In our patients, who were all
investigated before therapy, no signs of ge-
neral intravascular coagulation (low fibri-
nogen, low platelets, low plasminogen, low
antithrombin III, low factor VIII) could be
shown. These findings are in agreement with
studies of Hedner ef al. [3] and Carlson [4].
These authors had found FDP in the serum of
patients with various malignancies but could
not demonstrate any general intravascular
coagulation disorder. They suggested that the
FDP in those cases may derive from extravas-
cular breakdown of fibrin by malignant cells.
On the basis of our study we suggest another

explanation for the occurrence of FDP in lung
cancer patients. We could demonstrate in the
plasma of these patients a granulocytic
elastase-like protease (ELP) which is bound to
o,-AT. This ELP is known to be able to
digest fibrin and fibrinogen, and to generate
fibrinogen split products [8]. Furthermore,
this ELP has been found in patients with
acute leucemia and septicemia (but not in
normal controls) who showed increased amou-
nts of FDP without signs of disseminated
intravascular coagulation [8]. Our data there-
fore suggest that FDP in the serum of lung
cancer patients is caused by the digestion of
fibrin and fibrinogen by ELP, a granulocytic
protease which cannot be demonstrated in
lung tumor extracts or lung tumor cell lines.
Already in 1950, Tagnon et al. [9] demon-
strated in mammalian tssues a factor, which
could activate plasminogen to plasmin.
Although in our patients normal plasminogen
levels were measured at this time, it cannot
completely be excluded that elevated FDP
levels in lung cancer patients may also derive
from digestion of fibrinogen or fibrin by plas-
min. In our laboratory a radio-immunoassay
is under investigation which specifically mea-
sures FDP which derive from ELP digestion.
This radioimmunoassay will give additional
information of the origin of the FDP in our
patients. As FDP were present only in patients
with metastatic lung cancer the determination
of these split products seems to be of pro-
gnostic value.

Fibrinogen levels were normal or (especially
in patients with metastases) elevated. The
raised fibrinogen levels may be explained as a
response to accelerated turnover. The higher
o;-AT levels in these patients may be ex-
plained in the same way, namely as a re-
sponse to the accelerated clearance of the
antiprotease by release of ELP. The very low
activity of factor XIII in 15 out of 32 patients
i1s also well explained by the destruction of
factor X111 by ELP. This has been shown in
a previous study [10].

The cause of ELP release from granulocytes
in patients with lung cancer is unknown. In
patients with acute leucemia or septicemia it
has been shown that the release of granulo-
cytic protease may be induced by endotoxin,
severe fever, or by antigen—antibody com-
plexes [11]. Because endotoxin could be ex-
cluded and severe fever was the exception in
our patients at the time of diagnosis, the
release of ELP by antigen—antibody complexes
seems to be the most likely explanation. All
sera of patients with lung cancer were neg-
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Fig. 4. Two-dimensional Laurell-electrophoresis using monospectfic antisera to o -antitrypsin.

(b) plasma of a lung cancer patient; (d) plasma of a normal control and
monospecific antisera to ELP; (a) plasma of a lung cancer patient; (c) plasma of a
normal control.
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Fig. 5. One-dimensional Laurell-electrophoresis of plasma of two patients with lung cancer (on the right) using antisera lo

ELP (standard curve on the left).
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ative for endotoxin but in previous studies as
well as in this study we could show that
circulating immune complexes are present in
a high frequency especially in lung cancer
patients with metastases [12].

As there exists a strong correlation between
the amount of circulating immune complexes
and the levels of ELP and fibronogen split

products in our patients we believe that ELP
is released by immune complexes. The release
of ELP is then followed by the degradation of
fibrinogen to FDP. Because fibrinogen split
products can suppress immune reactions [13]
and so may enhance tumor spread our results
may contribute to the knowledge of tumor
growth.
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12.

13.
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