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Summary Tissue factor (TF) is an initiator of the extrinsic cascade of blood coagulation. Although recent studies have revealed a relationship
between metastatic properties and TF expression in some neoplastic cells, the significance of TF in lung cancer, especially in non-small-cell
lung cancer (NSCLC), is still unclear. In this study, TF was detected in NSCLC cell lines by functional study, Western blot analysis and
immunocytochemical staining. TF levels in eight NSCLC cell lines were also quantitated by enzyme-linked immunosorbent assay (ELISA),
and TF expression was evaluated in 55 specimens of surgically resected NSCLCs. NSCLC cell lines derived from metastatic lesions
produced high levels of TF (48.3 ± 23.5 ng 10–6 cells, mean ± s.e.m.), whereas those derived from primary lesions produced low levels of TF
(0.2 ± 0.1 ng 10–6 cells). Immunohistochemical studies disclosed significantly stronger staining for TF in cells from NSCLC patients with
metastasis than in those without metastasis. Among the 28 patients with metastasis, ten were strongly positive, 16 were moderately positive
and two were negative for TF. In contrast, among the 27 patients without metastasis, only two were strongly positive, 18 were moderately
positive and seven were negative for TF. Therefore, malignant cells from patients with lung cancer produce various levels of TF, and TF may
play an important role in the metastatic process.
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TF and anti-TF antibodies
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Table 1 Levels of tissue factor in cell lines derived from human non-small-cell lung cancer

Characteristics of original tumour Tissue factor (ng 10–6 cells)

Histological Clinical Source Cell lysate Culture medium
type stage

Adenocarcinoma
PC-3 P/D Ad IV Lymph node 130.68 ± 11.06 6.70 ± 0.65
ABC-1 W/D Ad IV Pleural effusion 70.55 ± 5.00 8.69 ± 1.34
RERF-LC-OK Ad Pleural effusion 19.46 ± 0.94 0.82 ± 0.16
RERF-LC-MS Ad Pleural effusion 16.20 ± 1.06 1.44 ± 0.10
A549 W/D Ad I Primary lesion 0.10 ± 0.02 0.01 ± 0.01

Squamous cell carcinoma
EBC-1 P/D Sq IV Skin metastasis 4.52 ± 0.38 0.82 ± 0.05
LC1sq P/D Sq I Primary lesion 0.42 ± 0.04 0.12 ± 0.03
LK2 P/D Sq I Primary lesion 0.17 ± 0.01 0.04 ± 0.01

P/D, poorly differentiated; W/D, well differentiated; Ad, adenocarcinoma; Sq, squamous cell carcinoma; TF Ag in the cell lysates and soluble TF Ag in the culture
media were measured by ELISA. TF Ag level is expressed as mean ± s.d. See Materials and methods for details.

Table 2 Tissue factor expression in surgically resected non-small-cell lung
cancers

Characteristics Number of positive/total number tested

Total 46/55
Male 31/36
Female 15/19

Histological type
Adenocarcinoma 32/38

Well differentiated 10/12
Moderately differentiated 13/16
Poorly differentiated 9/10

Squamous cell carcinoma 12/15
Well differentiated 3/3
Moderately differentiated 2/2
Poorly differentiated 7/10

Large-cell carcinoma 2/2

Pathological stage
Stage I 17/24
Stage II 5/5
Stage IIIA 17/17
Stage IIIB 5/5
Stage IV 2/4
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Analysis of procoagulant activity in clotting assay
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Immunoblotting analysis
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Figure 1 Western blot analysis of lung cancer cells with anti-TF Ab.
Detergent-soluble protein samples of lung cancer cells were analysed on a
12.5% SDS-polyacrylamide gel using a mixture of mAbs against TF. The
molecular size markers used were β-galactosidase (126 kDa), bovine serum
albumin (71 kDa) and carbonic anhydrase (41.8 kDa). Positions of the
markers are indicated by arrows. The mixture of anti-TF mAbs identified the
reduced form of recombinant TF as multiple bands at approximately 36–46
kDa (lane 2) and placental TF at 48 kDa (lane 1). TF detected in PC-3 cells
producing high levels of TF on ELISA exhibited several intense bands
distributed from about 46–64 kDa (lane 3), whereas TF in ABC-1 was
determined as a doublet at approximately 46 kDa and 49 kDa (lane 4)

Figure 2 Immunocytochemical staining for TF in cultured human lung
cancer cell lines. Positive staining is indicated by the dark-brown reaction
products. The presence of TF along the cell membrane is clearly
demonstrated in adenocarcinoma cell line, ABC-1 (× 400)
Immunocytochemical staining of TF from cultured
human lung cancer cell lines
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Measurement of TF antigen in cell lysates and culture
media
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Figure 3 Immunohistochemical staining for TF in surgically resected lung cancer tissues. (A) Large cell carcinoma. All tumour cells stain brightly, and this case
is graded as strongly positive (++) (× 84). (B) Poorly differentiated adenocarcinoma. In this case, a heterogeneous pattern of staining is observed. This case is
graded as moderately positive (+) (× 72). (C) Moderately differentiated squamous cell carcinoma. This case is graded as moderately positive (+). TF-positive
staining among the squamous cell carcinoma cells is apparent in mature central keratinized areas (× 36). (D) Specificity control, the same case as Figure 3 (C).
The specificity of the staining was verified by blocking this reaction by pre-absorption of the probe with purified placental TF (× 36)
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Procoagulant activity of lung cancer cells and
neutralization test
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Western blot analysis of lung cancer cell lysates with
anti-TF Ab
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Metastasis (+)
(n  = 28)

Metastasis (–)
(n  = 27)

Strongly positive (++), the percentage of positive neoplastic cells was over 90%.
Moderately positive (+), the percentage of positive neoplastic cells was under 90%.
Negative (–), completely negative.

0 50 100%
(P < 0.05)

Figure 4 Comparison of TF expression between groups with and without
metastasis. TF expression is significantly different between the groups
(P < 0.05)
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TF Ag in cell lysates and culture media of lung cancer
cell lines
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       
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