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Human recombinant tissue plasminogen activator (tPA), labeled with 131I(1.1 to 6.2 mCi) by

the iodogen method, was administered intravenously to 15 patients with various soft-tissue

malignant tumors after blocking of thyroidal radioiodine uptake. Gamma camera imaging was
performed 4 and 24 hr after injection; three patients were also imaged 5 days following
injection. We observed accumulation of radioactivity in primary and secondary lesions in 11
patients. In this preliminary study we did not detect any definite association between the
magnitude of uptake and type of tumor. Tumors were usually visualized already after 4 hr but
the uptake was more intense at 24 hr. The target-to-nontarget ratios at 24 hr, determined by

computer analysis of stored images, varied from <1.2 to 2.1. This is the first demonstration of
accumulation of radiolabeled tPA in malignant tissue. We do not know the mechanism of the
uptake but because tPA is known to be avidly bound to fibrin, a component of the stroma of
many malignant tumors, it is possible that [131l]tPA is bound to fibrin rather than taken up by

the malignant cell; various possible cell uptake mechanisms are discussed. Due to the
relatively early maximal uptake of this radiopharmaceutical it will be possible to substitute 123I
for1311,a possibility suggesting a potential clinical use of radioiodinated tPA for the detection

of malignant tumors of various origin.
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lignant tumors often contain more plasmino
gen activator activity than corresponding normal tissue
although the variation in this activity between histolog-
ically similar tumors is considerable (1,2). It is possible
that plasminogen activators participate in the regulation
of the extracellular proteolytic activities necessary for
the infiltration of malignant tumors through the base
ment membrane (3). However, there is some evidence
that only the urokinase-like and not the tissue-type
plasminogen activator possesses infiltration promoting
properties (4). After homogenization of tissues the tis
sue plasminogen activator (tPA) remains strongly
bound to cell particles and can only be solubilized using
chaotropic agents (5). It has a high binding affinity for
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fibrin (6), a component of the stroma of malignant
tumors (7). The N-terminal portion of tPA (A-chain)
contains fibrin binding activity and has a certain ho-
mology with epidermal growth factor (8). Since tumor
tissue generally produces more tPA than the corre
sponding normal tissue, these N-terminal sequences
might exert a positive feedback function in malignant
cells and even stimulate tumor growth (5). We have
therefore evaluated a new approach to the localization
of malignant tumors by radiolabeling recombinant tPA
for use as a tumor probe. In experiments using a human
adenocarcinoma cell line in the nude mouse we ob
served accumulation of radioiodinated tPA in the tu
mor (unpublished data). The aim of this study was
therefore to test if tPA labeled with radioiodine can be
used for the detection of malignant tumors.

PATIENTS AND METHODS

Tissue plasminogen activator (tPA) was obtained commer
cially (Boehringer Ingelheim International GmbH, FRG), and
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labeled with iodine-131 (13II) using the iodogen method.

Labeling efficiency was 60-70%, and the calculated specific
activity of [131I]tPA was 4-6 mCi/mg. Labeled tPA was

checked for residual fibrinolytic activity using a dual-isotope
technique (['25I]fibrin clot versus [131I]tPA or standard).

All patients examined had malignant tumors or metastatic
lesions verified histologically and radiologically (x-ray or com

puted tomography). There were 11 men and four women in
this series. The ages ranged from 32 to 82 yr (mean 58 yr).
The detailed description of the patient material is presented
in Table 1. The protocol of the study was approved by the
Ethical Committee of the Helsinki University Hospital and
was in accordance with the Declaration of Helsinki.

After blocking of thyroidal radioiodine uptake by oral
potassium iodide and perchlorate (daily dose 420 mg and 800
mg, resp., for 10 days) the patients received an intravenous
injection of ['31I]tPA. The administered dose of radioactivity

ranged from 1.1 to 6.2 mCi and the administered dose of
protein from 0.3 to 1.0 mg. The distribution of radioactivity
was studied 4 and 24 hr after the injection using a large field-
of-view gamma camera. In three cases, gamma camera imag

ing was repeated 2 and 5 days after the injection. Computer
analysis of images was performed for determination of target-
to-nontarget radioactivity ratios.

Tumor tissue perfusion was measured by a xenon washout
method (9,70) in two patients; four lesions were studied.

RESULTS

The results of [n'I]tPA scintigraphy performed in 15

patients with primary malignant tumors and/or mÃ©tas
tases are presented in Table 1. In 11 patients accumu
lation of radioactivity was observed in at least one

TABLE 1
Accumulation of 131l-Labeled Tissue Plasminogen Activator in Various Malignant Primary and Secondary Tumors

Case
no.Age/sex1

38/F2

66/M3

65/M4

73/M5
32/M6

70/M7

82/F8

69/M9

37/M10
81/M11

36/MDose(mCl)1.14.95.42.44.24.71.86.24.95.15.0DiagnosisBreast

cancerProstatic

cancerSmall

cell lungcancerHypemephromaMelanomaBronchial

adenocarcinomaUrinary

bladdercancerSmall

cell lungcancerNeuroepitheliomaHistiocytomaGastric

adenocarcinomaLocation

oflesionRight

breastLiver,
ovarianmetsRecurrency

(RT)'Pelvic,

lumbarandclavicular
metsLeft
lungBrain
metLung
metsBrain
metBrain
metSubcutaneous
metsLeft

hilus +regionalmets
(RT)Brain
metUrinary

bladder(RT)Liver
metsDiffuse

lungmetsRight
lung(RT)Brain

metLiver

metsRecurrency
inneckRight

pleuraThoracic
wallmetMets

in liver, para-Size

of
lesion(cm)5<313<242.5<3.53.52.5<162.54<3<133<67123<2ScanfindingNegNegNegNegPosPosNegPosPosNegNegPosNegNegNegNegPosPosPosPosPosNegTarget-to-nontargetratioâ€”â€”â€”â€”<1.2(24hr)1

.3 (4, 24hr)â€”1

.5 (24hr)1

.5 (24hr)â€”â€”1.3(4hr)â€”â€”â€”â€”1

.4 (4hr)1

.7 (24hr)<1

.2 (24hr)1.4(4hr)1.2(24hr)<1

.2 (24hr)â€”

12 47/F 6.2 Melanoma

13 48/M 5.0 Esophageal squamous
cell cancer

14 63/M 5.0 Epidermoid lung cancer

15 65/F 5.8 Adenocarcinoma of rec
tum

aortic and clavicular
areas
Thoracic wall met 6 Pos
Subcutaneous mets <2 Neg
Met in left neck 3 Pos

(RT)
Mets in left neck <1 Neg

(RT)
Met in left arm 6 Pos

Thoracic wall and 1.5 Pos
brain mets

Met in right lung 5 Pos
Bilateral lung mets <2 Neg

1.3 (4, 24 hr)

1.8 (24 hr)

1.4(4hr)
2.1 (24 hr)
1.2(24hr)

1.2 (24 hr)

' Radiotherapy administered before scintigraphy.
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lesion. Scintigrams from patients with positive findings
are presented in Figure 1-4.

Four patients had no uptake of [l3'I]tPA in malignant

lesions. Three of these patients received doses of radio
activity ranging from 1.1 to 2.4 mCi, whereas patients
with positive findings were administered doses of 4.2 to
6.2 mCi. One patient with a negative finding (Case 2)
received 4.9 mCi of labeled substance. In this case the
tumor had been irradiated before scintigraphy. Nonvis-
ualization of irradiated primary lesions was also re
corded in Cases 6, 7, and 8. However, in Case 13 an
irradiated metastatic lesion was found to accumulate
[131I]tPA.

When irradiated tumors are excluded a clear associ
ation between size of lesion and uptake of [131I]tPAcan

be observed from data presented in Table 1. Positive
tumors varied in size from 2.5 to 12 cm (maximal
diameter reported), except for the 1.5 cm or smaller
metastatic lesions in Case 14. Negative tumors had a
diameter varying from <1 to 5 cm. There was no
apparent association between scintigraphic findings and
location of tumor in this initial series of patients.

All accumulations of [131I]tPAobservable 24 hr after

injection were also visualized after 4 hr, except for two
lesions, showing that uptake of this radiopharmaceuti-
cal is usually quite rapid. The target-to-nontarget radio
activity ratios at 24 hr varied from < 1.2 to 2.1. Three
lesions with a ratio < 1.2 (ratios lower than 1.2 could
not be accurately determined) were detected by inspec
tion of the scintigrams. The uptake of radioactivity

a^&fc

FIGURE 1
Accumulation of 131l-labeled tissue plasminogen activator
([131l]tPA) in brain metastasis of lung carcinoma (Patient

8).

FIGURE 2
Concentration of [131l]tPA in metastasis of lung carcinoma

in left upper arm (Patient 14).

observed in all three patients studied also 5 days after
the injection indicates that release of radioactivity from
lesion is slow.

Tumor blood perfusion was studied in two patients
tissue. In Case 12 the perfusion rate was 30 ml/min/
100 g in a 2-cm metastasis in the abdominal wall, and
60 ml/min/100 g in a 6-cm metastasis in the thoracic
wall. In Case 14 the perfusion rate was 11 ml/min/100
g in a 1.5 cm subcutaneous metastasis in the thoracic
area, and 28 ml/min/100 g in a 6-cm metastasis in the
left upper arm.

For the purpose of obtaining information on biodis-
tribution tPA labeled with 131I(5.1 mCi) was injected
intravenously into a 22-yr-old male patient with treated
low-grade astrocytoma (patient not included among the
15 cases presented in the table). Dynamic measurement
of radioactivity in the liver, spleen and heart was started
immediately after the injection. In the liver maximal
radioactivity was reached after 15 min and in the spleen
after 9 min (Fig. 5). After reaching maximum 20% of
the radioactivity in the liver and 10% of radioactivity
in the spleen was eliminated during the next 15 min.
After 24 hr the radioactivity in the liver was 2% and in
the spleen <1% of maximum.

No adverse reactions towards radiolabeled tPA were
observed.

DISCUSSION

Human tPA is a single-chain polypeptide consisting
of 527 amino acids. Its apparent molecular weight has
been reported to range from 66,000 to 72,000 depend-
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FIGURE 3
Uptake of [131l]tPA in metastasis of esophagus carcinoma in left neck. A = anterior view, B = lateral view (Patient 13).

ing on its source. The N-terminal portion of the tPA-
molecule contains two structures which are similar to
the "kringles" found in plasminogen and prothrombin
and a region which shows homology with the "finger-
like" structure in fibronectin (11,12). The carboxy-

terminal portion of tPA shows considerable homology

with other serine proteases (13). After binding to fibrin
tPA divides into two parts, an A-chain and a B-chain;
the proteolytic activity of the B-chain is over 100 times
that of the original molecule. Besides the kringles and

m
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FIGURE 5
FIGURE 4 Time-activity curves of liver, heart, and spleen after intra-
Accumulation of [131l]tPA in two brain mÃ©tastasesof malig- venous injection of 131l-labeled tissue plasminogen activa-

nant melanoma (Patient 5). tor (5.1 mCi) in male patient.
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the finger-like structure, there is a growth factor domain
in tPA showing homology with epidermal growth factor
(EOF). Plasminogen activator mediated events may
also initiate inactivation of EOF receptors (14). tPA is
also an estradiol-inducible protein and therefore a po
tential marker for functional estrogen and progestin
receptors, at least in breast cancer (75). In contrast,
neither total plasminogen activator activity nor uroki-
nase-like activity showed any significant correlation
with either estrogen or progestin receptors. Dexameth-
asone and transforming growth factor beta (TGF/3)have
similar effects on tPA; both cause a significant decrease
in total plasminogen activator activity. The effect is
mainly due to the rapid synthesis of plasminogen acti
vator inhibitors in the cells and not an inhibition of
tPA synthesis. EGF antagonizes the inhibitory effects
of TGF/3 by enhancing synthesis of plasminogen acti
vator. Thus, steroid hormones and growth factors mod
ulate the proteolytic balance of the cell (16,17).

Solid tumors are composed of malignant cells inter
mingled with stroma. Our results show that radioiodi-
nated tPA accumulates in malignant tumors. The ra
dioactivity might therefore be located in the stroma and
not in the malignant cell. Small lesions were usually
not detected and cases with negative findings usually
received smaller doses of radioactivity and protein than
cases with positive findings. It is therefore apparent that
lesion size and dose of radioactivity or protein admin
istered are factors influencing the detectability of tu
mors. In this initial series of patients we did not discover
any clear association between the magnitude of uptake
and type or locale of tumor. Neither was there evidence
of a relationship between the degree of uptake and the
vascularity of the tumor; the highest perfusion rate, 60
ml/min/100 g, was observed in a lesion with a target-
to-nontarget ratio of only 1.3, whereas in a lesion with
an uptake ratio of 1.8 the perfusion rate was 28 ml/
min/100 g. Importantly, this also shows that [131I]tPA

accumulation is not dependent on necrosis or throm
bosis of the tumor.

Radiation therapy can cause fibrosis and it is there
fore possible that radiation could enhance accumula
tion of tPA in the tumors. However, in Case 14 uptake
of ['3lI]tPA in the upper arm metastasis was actually

lower in a second imaging study performed after radia
tion therapy, and in Cases 2, 6, 7, and 8 previously
irradiated tumors did not accumulate tracer. Because
radiation therapy seems to decrease or even prevent
uptake of [131I]tPA,scintigraphy should be performed

before such therapy is administered.
In conclusion, this is the first demonstration of ac

cumulation of radiolabeled tissue plasminogen activa
tor in malignant tumors. At this stage, we do not know
the mechanism of the uptake of this bioactive protein
but because it is avidly bound to fibrin, a component
of the stroma of malignant tumors, it is possible that it

is bound to fibrin rather than to the malignant cell,
although a close association between tPA activity and
estrogen receptor function as well as growth factor
activity has been established. Due to the relatively early
maximal uptake of tissue plasminogen activator it will
be possible to substitute 123Ifor 131I,a possibility sug

gesting a potential clinical use of radioiodinated plas
minogen activator for the detection of tumors of various
origin and monitoring their response to therapy.
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