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ABSTRACT

Objective: cervical carcinoma is a HPV related, immunogenic type of  malignancy, 
in which escape of the tumor from the hosts’ immune response is thought to play 
an important role in carcinogenesis. The multifunctional cytokine Transforming 
Growth Factor-β1 (TGF-β1) is involved in immunosuppression, stroma and ECM 
formation and controlling (epithelial) cell growth. The plasminogen activating 
(PA) system plays a key role in the cascade of tumor-associated proteolysis lead-
ing to extracellular matrix degradation and stromal invasion. Changes in expres-
sion of components of this system, including Plasminogen Activator Inhibitor-1 
(PAI-1), have been associated with poor prognosis in a variety of solid tumors. The 
present study was undertaken to assess the role of both components on relapse, 
survival and other clinicopathological parameters in cervical cancer.
Methods: the expression of TGF-β1 mRNA in 108 paraffin embedded cervical car-
cinomas was detected by mRNA in situ hybridization. Immunohistochemistry was 
used to investigate the expression of PAI-1 protein. 
Results: the presence of cytoplasmatic TGF-β1 mRNA in tumor cells was not sig-
nificantly correlated with the other clinicopathological parameters investigated 
nor with a worse (disease free) survival. Expression of the PAI-1 protein in tumor 
cells was strongly correlated with worse overall and disease free survival, in addi-
tion to well known prognostic parameters like lymph node metastasis, depth of 
tumor infiltration, tumor size and vasoinvasion. In the multivariate analysis PAI-
1 turned out to be an independent, strong prognostic factor. In a subgroup of 
patients without lymph node metastases, PAI-1 was predictive for worse survival 
and relapse of disease, too. 
Conclusions: our results show that the enhanced expression of PAI-1 by carci-
noma cells is correlated with worse (overall and disease free) survival of patients 
with cancer of the uterine cervix. The expression of TGF-β1 in itself is not associ-
ated with worse survival in these patients. Although simultaneous presence of the 
two factors was observed in all tumors, induction of PAI-1 by TGF-β1 could not 
be demonstrated in our group of cervical carcinomas.
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INTRODUCT ION

Cervical cancer is the second leading cause of cancer death in women worldwide.1 

It is well established that chronic infection of keratinocytes with high risk human 
papilloma viruses (HPV) plays an important role in the pathogenesis of cervical 
cancer.2 The host cellular immune response is thought to be essential in control-
ling both HPV infections and HPV- related neoplasms.3-6 In previous studies we 
have shown that cervical carcinoma cells are capable of producing the multifunc-
tional cytokine TGF-β1 and that enhanced production is associated with a diminu-
tion of the tumor infiltrate and an increase in the amount of intra tumoral stroma 
in a group of patients with cancer of the uterine cervix.7,8 Besides in immunosup-
pression, this cytokine is in most cells involved in controlling cell proliferation by 
exerting a growth-inhibitory activity via a reversible G1 arrest.9,10 Furthermore, 
TGF-β1 induces angiogenesis, the formation of stroma and the deposition of extra 
cellular matrix (ECM) by stimulating fibroblasts and other cells to produce ECM 
proteins like collagens, fibronectin, vitronectin, laminin and proteoglycans.8,11,12 
Concomitantly, TGF-β1 down-regulates the expression of ECM-degrading pro-
teases and induces proteinase inhibitors like tissue inhibitor of metalloproteinase 
(TIMP) –1 and PAI-1.13-15 
PAI-1 is an important physiological regulator of ECM homeostasis and cell motil-
ity and induces angiogenesis. By inhibiting the activities of the serine proteases 
urokinase-type and tissue-type plasminogen activators (u-PA and t-PA) it controls 
the generation of  plasmin out of plasminogen. PAI-1 mediates cell adhesion and 
cell detachment to ECM components like vitronectin. Although PAI-1 is thought 
to protect the ECM from degradation by proteases, a crucial step for cancer inva-
sion, is the (enhanced) expression of this factor in many cancers associated with a 
worse survival rate.16,17 In vitro, PAI-1 is strongly and dose-dependantly induced 
by biologically active TGF-β1.

14, 18-21 Although PAI-1 expression in vivo might be 
affected by several factors, a similar correlation between TGF-β1 and PAI-1 in 
different types of tissue samples has been demonstrated by several authors.22-25 
Together PAI-1 and TGF-β1 may play an important role in the control of cell 
growth, tissue remodelling, angiogenesis and cancer cell invasion.17,19 
Overproduction of both factors has been associated with poor survival in a large 
variety of cancers.26-38 Data on the role of these two factors in cervical carcino-
genesis are conflicting. Increases as well as decreases in TGF-β1 expression have 
been reported during malignant transformation. Studies on the significance of 
TGF-β1 as a clinical prognostic parameter for survival and relapse or the relation-
ship with other established prognostic parameters contradict each other too.39-46, 48  
Although there seems to be an association between increasing PAI-1 expression 
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and malignant transformation of cervical epithelium, literature on the prognostic 
consequence of PAI-1 in cervical cancer is scarce and conflicting.38,47

The goal of our study was to examine the significance of both factors for the 
clinical outcome of patients with cervical carcinoma. In a group of patients with 
comparable stages of disease we analysed the relationship of TGF-β1 and PAI-1 
presence in carcinoma cells with well established prognostic parameters such as 
FIGO stage, lymph node metastases, vasoinvasion, depth of infiltration and HPV 
status. Furthermore, the potential of both factors to predict survival rates and 
relapse of disease was evaluated.

MATER IALS  AND METHODS

Tissue samples
From 108 patients with carcinomas of the uterine cervix who underwent radi-
cal hysterectomy with lymphadenectomy between 1985 and 1995, formalin-
fixed paraffin-embedded tissue blocks were retrieved from the archives of the 
Department of Pathology, Leiden University Medical Center. None of the patients 
had received any therapy prior to surgery. For immunohistochemistry, paraffin 
blocks containing a representative part of the tumor were used. 

Histopathological and clinical features
Slides of all tumors were reviewed using conventional histologic sections 
stained with hematoxylin and eosin.49 Tumors were classified as squamous cell 
carcinoma, adenocarcinoma or adenosquamous carcinoma. Periodic acid-Schiff 
staining with diastase pretreatment and Alcian-blue staining was used to assign 
tumors with mucin production and squamous morphology to the adenosquamous 
category. By reviewing the slides the following data were obtained: tumor size, 
grade of differentiation, presence of vascular invasion, depth of tumor infiltration 
expressed in millimeters of tumor at right angle to the basement membrane, 
presence of tumor positive resection margins, parametrial involvement and lymph 
node involvement. The number of positive lymph nodes was specified. The size 
of the primary tumor was subdivided into categories of < 30 mm and > 30 mm; 
a second subdivision was made into < 40 mm and > 40 mm. Presence of vascular 
invasion was recorded. The depth of infiltration of the tumor was classed as < 15 
mm and > 15 mm.
The records of all women surgically treated for carcinoma of the uterine cervix 
at our hospital during the period of 1985 until 1995 were reviewed. The mean 
age of the patients was 45,4 years, with the youngest patient 26 and the oldest 
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80 years at time of the surgery. A radical hysterectomy type III with pelvic 
lymph node dissection had been performed by three gynecologic oncologists of 
the department of gynecology. The following data were collected for analysis 
from patients records: FIGO stage, tumor size, presence of distant metastases and 
whether or not postoperative radiotherapy was performed. Follow-up of patients 
until 2001 gave information concerning recurrence free interval and performance 
status at last time of follow-up.

RNA in situ hybridization
RNA in situ hybridization was performed on paraffin-embedded sections of the 
108 cervical tumors and carried out as previously described.50,51 In short, we 
used a SmaI-BamHI fragment of TGF-β1 complementary DNA (cDNA) cloned 
into pBluescript KS (Stratagene, La Jolla, CA). The specific copy RNA (cRNA) 
probes were labeled with digoxigenin following the manufacturer’s protocol 
(Boehringer, Mannheim, Germany). After pretreatment the tumor sections were 
hybridized with 10 ng TGF-β1 antisense riboprobe per slide for 16 h at 62 0C. 
Subsequently, sections were washed in 2x standard saline solution citrate (SSC) 
with 50% formamide at 50 0C, then in 0.1x SSC with 20 mM β-mercaptoethanol 
at 62 0C, and finally treated with 2 U/ml ribonuclease (RNAse) T1 (Roche, Basel, 
Switzerland) in 2x SSC plus 1 mM ethylenediaminetetraacetic acid (EDTA) at 37 
0C. Immunodetection of digoxigenin-labeled hybrids was done using nitro blue 
tetrazolium (NBT) as chromogen and bicholylindolyl phosphate (BCIP) as coupling 
agent (Roche). Blue staining of the cytoplasm indicated positivity for TGF-β1 
mRNA. To determine the level of nonspecific binding, adjacent tumor slides were 
hybridized with TGF-β1 sense riboprobes. These were included as negative controls 
and did not show staining. Normal kidney tissue served as a positive control. The 
specificity of the TGF-β1 probe has been thoroughly tested in our lab. The probe 
was sequenced to verify its sequence and by Northern blotting one specific band 
of the appropriate size was demonstrated. They detected high expression of TGF-
β1 mRNA in the distal tubuli of the kidney which was confirmed by quantitative 
real time PCR.50,51

Immunohistochemistry
Immunohistochemistry on the whole series in one experiment was performed on 
4 μm sections using aminopropylethoxysilane (APES) coated slides. Paraffin 
sections were deparaffinized and rehydrated, and endogenous peroxidase was 
quenched with 0.3 % H2O2 in methanol for 20 min. Monoclonal antibodies directed 
against PAI-1 were used in a 1:500 solution and supplied by American Diagnostics 
Greenwich, CT. Phosphate buffered saline (PBS) containing 1% bovine serum albu-
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mine (BSA) was used as diluent for the antibodies. Incubations were performed 
at room temperature. Washing in between incubations was performed 3 times for 
5 min each in PBS. After washing in PBS, slides were incubated overnight with 
the specific primary antibodies. Biotin-labeled rabbit anti mouse immunoglobu-
lins and a biotinylated horseradish peroxidase (HRP)-Streptavidin complex (both 
DAKO) were subsequently applied for 30 min each. To visualize immune com-
plexes a 0.05% solution of diaminobenzidine (Sigma) containing 0.0018% H2O2 in 
a 0.05 M Tris-HCl buffer (pH 7.6) was applied. Mayer’s Hematoxylin was used for 
counterstaining of the slides. 
Brown staining of cytoplasm indicated positivity for PAI-1 in tumor cells. 
Brownstaining of ECM components indicated positivity for PAI-1 in stroma. 
Mouse IgG1 (10 μg/ml) and PBS/BSA 1% on serial slides were used as a nega-
tive control. A breast carcinoma was used as positive control and sections were 
stained simultaneously. 

Immunohistochemical evaluation
Staining for TGF-β1 mRNA and PAI-1 protein in tumor cells was scored 
semiquantitatively according to a system proposed by Ruiter et al.52 The slides 
were independently scored by two of us. When slides were scored differently by 
the two observers, which occurred in a few cases, they were evaluated again by the 
two observers simultaneously until consensus was reached. Scores representing 
the percentage of tumor cells stained positive were as follows: 0 (no positive 
tumor cells); 1 (1-5%); 2 (6-25%); 3 (26-50%); 4 (51-75%); and 5 (76-100%). 
Intensity of tumor cell staining was scored as 0 (no staining); 1 (+, weak); 2 (++, 
clear); and 3 (+++, bright). A final, total, score was calculated by adding the scores 
for percentage and intensity, resulting in scores of 0 to 8. A total score of 0 was 
deemed negative; 2-4 was considered weak, 5-6 was considered moderate and 7-8 
was considered strong. 

PAI-1 staining of the tumor stroma was scored at the tumor-stromal border as 
sporadic, local or diffuse.52

HPV detection and typing
All 108 samples were tested and subtypes were determined as described before.49

Statistics
Statistical analysis was performed using the SPSS 11.0 software package. 
Associations between TGF-β1 mRNA expression and PAI-1 expression and clinico-
pathological parameters were evaluated using the Fisher Exact test, and where 



Prognostic relevance  of TGF-β1 and PAI-1

87

appropriate the Chi-squared test. Univariate analysis of overall 5 year and disease 
free 5 year survival was performed using the Kaplan-Meier method, the log 
rank test and the Cox proportional hazard models. The latter was also used for 
multivariate analysis. All tests were two-sided and the significance level was set 
to 5 %, corresponding to 95 % confidence intervals (CI).

RESULTS

Assessment of the slides
TGF-β1 mRNA expression was examined in the cytoplasm of cervical carcinoma 
cells. As a quality control for the integrity of the mRNA samples were excluded 
in which inflammatory cells, known to produce TGF-β1 as well, did not stain 
positively (9 cases) or in which the RNA in situ hybridization with the household 
gene β-actin showed no signal (2 cases). In these cases (11 out of 108) it was 
assumed that the RNA quality of the specific tumor was decreased, probably due 
to too long fixation in the formalin. Of the remaining 97 tumors (85 squamous 
carcinomas, 6 adenocarcinomas and 6 adenosquamous carcinomas), total TGF-β1 
mRNA expression (i.e. sum of percentage positive cells and intensity of staining) 
in malignant epithelial cells was weak (score 0,2-4) in 11 cases, moderate (score 
5-6) in 38 cases and strong (score 7-8) in 48 cases. Normal cervical epithelial 
cells, present in the majority of the tissue slides, demonstrated moderate to strong 
staining, as did the inflammatory cells in the tumor infiltrate.
 
Total PAI-1 staining ((i.e. sum of percentage positive cells and intensity of stain-
ing)  of the malignant epithelial cells was weak (score 0,2-4) in 4 cases, moderate 
(score 5-6) in 30 cases and strong (score 7-8) in 62 cases. Subdivision of the total 
score into the percentage of PAI-1 positive cells and the intensity of staining 
showed the following results: one case no PAI-1 positive tumor cells, 3 cases 26-
50% PAI-1 positive tumor cells, 8 cases 51-75% tumor positive tumor cells and 
84 cases 76-100% PAI-1 positive tumor cells; one case no staining of the tumor 
cells, 30 cases weak (1+) staining intensity of the tumor cells, 52 cases clear (2+) 
intensity of the tumor cells and 13 cases bright (3+) intensity of the tumor cells.  
Normal cervical epithelial cells and inflammatory cells, especially eosinophilic 
granulocytes, showed positive staining for PAI-1 as well. 

PAI-1 staining of the stroma at the tumor-stromal border was sporadic in 39 
cases, local in 36 cases and diffuse in 21 cases.
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Patients
Adjuvant radiotherapy was given either when lymph nodes, parametria or resec-
tion margins were tumor positive or when there was a combination of 2 or more 
of the following unfavorable prognostic factors: depth of infiltration ≥ 15mm, 
tumor size ≥ 40 mm and vasoinvasion. Of the total group of 99 patients, 3 patients 
were diagnosed as FIGO stage IA2, 60 as stage IB1, 12 as stage IB2 and 24 as 
stage II. 48 patients received postoperative radiotherapy and 30 patients suffered 
recurrent disease. By 2001, the authors’ cut off date for follow-up, 69 patients 
were alive, 23 patients had died of disease, 7 patients suffered from a recurrence 
and 7 patients had died of causes unrelated to the primary disease and showed no 
evidence of disease as recorded in the clinical chart.
The mean time of disease free survival was 66 months with a minimum and 
maximum time of 0 and 184 months. The mean time of follow-up was 76 months 
ranging from 0 to 185 months. 13 patients were lost for follow-up

Association of the staining results with clinicopathological parameters
Strong expression of total TGF-β1 mRNA (score 7 or 8) and strong staining of total 
PAI-1 protein (score 7 or 8) were correlated with FIGO stage, presence of tumor 
positive lymph nodes, distant metastases, recurrent disease, tumor size, presence 
of vasoinvasion, depth of infiltration, presence of tumor in the parametria, pres-
ence of tumor in the surgical margins, histology and HPV status. Table 1 shows 
the results of the correlation of total TGF-β1 mRNA expression and total PAI-1 
protein staining with these clinicopathological parameters. No statistically sig-
nificant correlations could be detected between TGF-β1 mRNA expression and any 
of the other clinicopathological parameters, although there was a trend towards 
relationship between strong TGF-β1 mRNA expression and the adeno (-squamous) 
histologic tumor type (46% vs 75%, p 0.06).

Strong total PAI-1 staining statistically significantly correlated with FIGO stage (p 
0.04),  distant metastases (p 0.01), recurrent disease (p 0.01) and the squamous cell 
carcinoma histologic type (p 0.03). A positive correlation between TGF-β1 mRNA 
expression and PAI-1 protein staining in tumor cells was observed (Fig.1). No 
TGF-β1 positive /PAI-1 negative of TGF-β1 negative/PAI-1 positive tumors were 
detected. However, semiquantitatively, the amount of TGF-β1 and PAI-1 expressed 
in tumor cells did not demonstrate a statistically significant relationship.

Association of the staining results and clinicopathological parameters with overall 
and disease free survival
The survival curves for overall and disease free survival were calculated accord-



Prognostic relevance  of TGF-β1 and PAI-1

89

Total
FIGO stage
IA + IB1
IB2
II

Lymph node
positive
negative

Metastases
present
not present

Recurrent disease
yes
no

Tumor size
< 30 mm
≥ 30 mm

Vasoinvasion
present
not present

Depth of infiltration
< 15 mm
≥ 15 mm

Parametia
tumor positive
tumor negative

Surgical margins
tumor positive
tumor negative

Histology
squamous
adenosquamous
adeno

Histology
squamous
adeno (-squamous)

HPV
negative
16
other

PAI-1 tumor cells
weak/moderate
strong

97

62
12
23

26
71

23*
73

29*
67

40*
52

52*
43

63*
27

16*
80

20*
76

85
6
6

85
12

10*
62
22

33*
61

48

30  (48) 
 6  (50)
12  (52)

14  (54)
34  (48)

12  (53)
35  (48)

15  (52)
32  (48)

21  (53)
25  (48)

30  (58)
17  (40)

30  (48)
13  (48)

 7  (44)
40  (50)

12  (60)
36  (47)

39  (48)
 5  (83)
 4  (67)

39  (46)
 9  (75)

 3  (30)
28  (45)
15  (68)

18  (55)
30  (49)

0.95

0.60

0.72

0.72

0.67

0.08

0.96

0.65

0.32

0.14

0.06

0.08

0.62

96

60
12
24

27
69

23*
72

30*
65

38*
52

53*
41

62*
27

17*
78

20*
75

83
6
7

83
13

9*
62
23

62

33  (55)
10  (83)
19  (79)

18  (67)
44  (64)

20  (87)
41  (57)

25  (83)
36  (55)

27  (71)
31  (60)

38  (72)
23  (56)

37  (60)
20  (74)

11  (65)
51  (65)

16  (80)
45  (60)

57  (69)
 4  (67)
 1  (14)

57  (69)
 5  (38)

 7  (78)
38  (61)
16  (70)

0.04

0.79

0.01

0.01

0.26

0.12

0.19

0.96

0.10

0.02

0.03

0.54

TABLE  1 - Association of strong TGF-β1 expression and strong PAI-1 staining with clinicopathological 
parameters.

  TGF-β1 strong   PAI-1 strong
 n n (%) p-value n n (%) p-value

In case of statistical significant correlations, p-values are bold. 
* The number of cases reported is affected by incidental missing cases.
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ing to Kaplan Meier and results are shown in Table 2. The assumed proportional 
Hazard Risks with confidence intervals are listed in Table 3, calculated by the uni-
variate model of Cox’s regression model. As expected, the presence of tumor posi-
tive lymph nodes (p<0.001) (Fig.2) and a depth of infiltration ≥ 15 mm (p<0.001) 
were highly significant predictors for a shorter duration of disease free and overall 
5 year survival. The presence of vasoinvasion (p 0.02), a tumor size > 30 mm (p 
0.01) and FIGO stage IB2 and higher (p 0.05) also were significant predictors for 
both. When the cut off point for tumor size was chosen at 40 mm, associations 
with (disease free) survival were weakened. Patients with the adenosquamous car-
cinoma histologic type had a remarkable shorter 5 year overall survival (40%) vs 
squamous carcinoma (78%) and adenocarcinoma (100%)(p 0.04), but the groups 
were quite diverging in size. The presence of strong TGF-β1 mRNA expression 
by tumor cells was not predictive for a worse overall or disease free survival (p 
0.31/p 0.26). However, patients with strong staining for PAI-1 protein did have a 
worse overall and disease free survival (p 0.01/ p 0.01) (Fig.3). Also the prognostic 
value of the staining intensity and the percentage of positive cells of which the 
total PAI-1 score is composed was evaluated. The more intense the staining of the 
tumor cells was, the worse the overall and disease free survival was (p 0.03/0.04). 
The percentage of PAI-1 positive tumor cells in itself was not statistically signifi-
cantly related to worse overall and disease free survival (p 0.20/0.36), although 
a trend could be observed (5 yr overall survival 92% vs 76% and disease free 
survival 92% vs 74%). However, when combined with the intensity of staining, 

A B

F IGURE 1  – TGF-β1 mRNA expression in cervical tumor cells and corresponding PAI-1 protein expression in 
the same tumor. mRNA was detected by RNA in situ hybridization with an anti-sense riboprobe for TGF-β1 and 
PAI-1 protein was detected by immunohistochemistry as described in material and methods. 
(Magnification: x 200).

A. Expression of TGF-β1 mRNA in the cytoplasm of cervical tumor cells (Tu). TGF-β1 is visualized by a blue color. 
B. Staining of PAI-1 protein in the cytoplasm of cervical tumor cells (Tu). PAI-1 expression is visualized by a brown color.
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Total
FIGO

IA + IB1
IB2
II

FIGO2

IA + IB1
IB2 + II

Lymph node
positive
negative

Tumor size
< 30 mm
≥ 30 mm

Depth of infiltration
< 15 mm
≥ 15 mm

Vasoinvasion
present
not present

Histology
squamous
adenosquamous
adeno

HPV
negative
16
other

TGF-β1

weak/moderate
strong

PAI-1 (total)
weak/moderate
strong

% PAI-1-positive
    tumor cells

≤ 75%
≥ 76%

PAI-1 intensity
    tumor cells

weak
clear/bright

99

63
12
24

63
36

27
72

41*
52

65*
27

53*
44

86
6
7

10*
63
24

49
48

34*
62

12
84

31
65

78

85
51
69

81
64

57
85

90
68

88
59

72
88

79
40
100

90
76
79

82
75

93
69

92
76

93
70

0.08

0.05

<0.001

0.01

<0.001

0.02

0.04

0.50

0.33

0.01

0.20

0.03

77

85
39
69

85
60

57
83

90
66

86
59

70
87

78
40
100

90
74
79

80
75

93
67

93
68

93
68

0.08

0.06

0.001

0.01

<0.001

0.02

0.15

0.86

0.23

0.01

0.36

0.04

TABLE  2 - Association of clinicopathological parameters and TGF-β1 mRNA expression/PAI-1 protein  staining 
with overall and disease free 5-years survival.

  Survival,  Disease-free
 n 5 years p-value 5-year survival p-value
  (%)  (%)

In case of statistical significant correlations, p-values are bold. 
* The number of cases reported is affected by incidental missing cases.
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F IGURE  2  – Kaplan-Meier curves for (A) overall survival (p < 0.001) and (B) disease free survival (p 0.001) in 
patients with tumor positive lymph nodes (n=27) and without tumor positive lymph nodes (n=72).

F IGURE 3  – Kaplan-Meier curves for (A) overall survival (p 0.01) and (B) disease free survival (p 0.01) in 
patients with weak/moderate PAI (n=34) and strong PAI-1 staining patterns (n=62).

A.  Overall survival B.  Disease free survival
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LN neg (n=72)

LN pos (n=27)

         Follow-up (months)                                                                      Follow-up (months)

p<0.001 p = 0.001

A.  Overall survival B.  Disease free survival
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(n=34)

Strong PAI-1 n=62)

Weak/mod PAI-1
(n=34)

Strong PAI-1 n=62)

         Follow-up (months)                                                                      Follow-up (months)

p = 0.01 p = 0.01
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Lymph nodes 
positive

FIGO stage
IA + IB1
IB2 + II

Tumor size
< 30 mm
≥ 30 mm

Depth of infiltration
< 15 mm
≥ 15 mm

Vasoinvasion 
present

TGF-β1 
weak/moderate
strong

Total PAI-1 
weak/moderate
strong

% PAI-1 pos. t.c.
≤ 75 %
≥ 76 %

Intensity PAI-1 
weak
clear/bright

4.34 (1.91-9.87)

2.24 (0.99-5.10)

3.32 (1.22-9.0)

5.25 (2.03-13.57)

3.11 (1.15-8.44)

1.52 (0.66-3.52)

4.3 (1.28-14.5)

3.39 (0.46-25.16)

3.64 (1.08-12.26)

< 0.001

  0.05

  0.01

  0.001

  0.03

  0.33

  0.02

  0.23

  0.04

3.22 (1.54-6.72)

1.96 (0.95-4.05)

2.95 (1.25-6.94)

3.60 (1.63-7.92)

2.68 (1.14-6.30)

1.56 (0.75-3.27)

3.16 (1.20-8.29)

1.93 (0.46-8.16)

2.68 (1.02-7.04)

0.002

0.47

0.01

0.002

0.02

0.24

0.02

0.37

0.05

TABLE  3  - Hazard ratio with 95% confidence interval and p- value for clinicopathological parameters and 
TGF-β1 and PAI-1 staining in tumor cells as calculated by univariate analysis with Cox proportional hazard 
model. T.c.= tumor cells. 

 Overall-survival HR  Disease-free survival
 (955 Cl) p-value HR (95% Cl) p-value

Statistical significant p-values are bold.

the percentage positive tumor cells clearly reinforced the statistical significance 
of total PAI-1. Subsequently, multivariate analysis was performed using the Cox’s 
regression model on the strongest prognostic factors according to univariate 
analysis (Table 4) and on bothe the investigated factors (Table 5). Included in the 
multivariate analysis for disease free and overall survival were lymph node status, 
depth of infiltration, tumor size, FIGO stage and PAI-1 staining in tumor cells. 
PAI-1 staining was demonstrated to be an independent factor predicting worse 
overall (HR 8.89; p 0.04) and worse disease free (HR 4.68; p 0.02) survival, just like 
the depth of infiltration (HR 3.12; p 0.02 respectively HR 2.36; p 0.04) and lymph 
node status (HR 2.66; p 0.05 respectively HR 2.31 / p 0.06). 

The staining of total PAI-1 was also evaluated in a subgroup of patients without 
tumor positive lymph nodes (n=69). After 5 years, the survival rate for weak/mod-
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erate staining vs strong staining was 96% vs 78% (p 0.04) and the disease free 
survival rate 96% vs 75% (p 0.03) respectively, indicating that also in the lymph 
node metastasis negative group PAI-1 was a prognostic parameter for worse sur-
vival (Fig.4). 

TABLE  4 - Hazard ratio with 95% confidence interval for strongest prognostic factors for overall and disease 
free survival as calculated by multivariate analysis with Cox proportional hazard model. 

 Overall survival HR  Disease-free survival
 (95% Cl) p-value HR (95% Cl) p-value

Lymph node positivity 2.66 (1.01-7.0) 0.05 2.31 (0.998-5.44) 0.06
Total PAI-1  8.9 (1.16-67.91) 0.04 4.68 (1.36-16.13) 0.02
Depth of infiltration ≥15 mm 3.12 (1.16-8.38) 0.02 2.36 (1.04-5.34) 0.04

Statistical significant p-values are bold.

TABLE  5 - Hazard ratio with 95% confidence interval for PAI-1 and TGF-β for  overall and disease-free 
survival as calculated by bivariate analysis with Cox proportional hazard model. 

 Overall survival HR  Disease-free survival
 (95% Cl) p-value HR (95% Cl) p-value

PAI-1 tumor cells 3.95 (1.17-13.37) 0.03 2.92 (1.11-7.69) 0.03
TGF-β1 tumor cells 1.37 (0.59-3.18) 0.46 1.37 (0.66-2.86) 0.40

Statistical significant p-values are bold.

F IGURE 4  – Kaplan-Meier curves for (A) overall survival (p 0.04) and (B) disease free survival (p 0.03) in 
patients with weak/moderate PAI-1 and strong PAI-1 staining patterns in a  subgroup of patients without 
tumor positive lymph nodes (n=72).
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DISCUSS ION

We have investigated the expression of TGF-β1 and PAI-1 by carcinoma cells in 
a group of patients with cervical cancer FIGO stage IA to IIB and examined the 
relationship with survival, recurrent disease and other clinicopathological param-
eters.
Our results show that strong staining of PAI-1 by cervical carcinoma cells is a sig-
nificant, independent predictor for worse overall and worse disease free survival, 
even after including other well established prognostic factors like tumor positive 
lymph nodes, depth of infiltration, tumor size and vasoinvasion in the multivari-
ate analysis. In a subgroup of patients containing lymph node metastasis nega-
tive individuals only, PAI-1 is also predictive for worse overall and disease free 
survival. Furthermore, we found  strong PAI-1 staining by carcinoma cells to be 
statistically significantly related to FIGO stage, with a remarkable high percent-
age of strong PAI-1 staining tumors in the FIGO IB2 group, the group that also 
has the worst (disease free) survival rate. In addition, strong staining of PAI-1 
was related to the presence of distant metastases and to recurrence of disease. 
According to our results, the staining of PAI-1 by stromal cells like fibroblasts was 
not associated with a worse (disease free) survival rate nor was it related to other 
clinicopathological parameters.
There are only few reports on the prognostic importance of PAI-1 in cervical 
cancer. Kobayashi et al. investigated PAI-1 expression using immunohistochem-
istry as well as by ELISA in the supernatant of tissue extracts. After comparing 
both methods the authors  concluded that immunohistochemistry enabled semi-
quantitative determination of PAI-1 expression. In a group of 62 FIGO stage II 
patients these authors found the overall and progression-free survival rate to be 
worse in patients with strong PAI-1 staining in tumor nests compared to patients 
with a weak or no PAI-1 staining, which is in agreement with our findings.47 

The association they found between high PAI-1 levels and a higher percentage 
of  lymph node metastasis could not be confirmed by us, although we detected 
a comparable relationship between strong PAI-1 staining and the presence of 
distant metastases. Because all the patients in their group were of a FIGO stage 
II of disease, comparisons between stages could not be made, neither was the 
relationship with other parameters evaluated. In another study by Horn et al., 
PAI-1 expression in 114 cervical cancer patients (FIGO stage I to III) was evalu-
ated and, corresponding with our study, elevated PAI-1 levels were demonstrated 
to be positively correlated with advanced tumor stage.38 However, after including 
other prognostic parameters in their multivariate analysis, PAI-1 failed to give 
additional prognostic information regarding survival rates, which is in contrast 
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to our findings. Two studies on PAI-1 expression in CIN and invasive carcinoma 
versus normal epithelium reported an increase in expression during the multistep 
process of cervical carcinogenesis and also an increase with advancing disease 
stage, suggesting that this component plays a role in invasion and metastasis.53,54 
A relationship with HPV status was examined but, as in our study, not detected. 
Although literature about the consequence of PAI-1 in cervical cancer is scarce, 
in a variety of solid tumors, i.e. breast, endometrium, stomach, colon, kidney and 
lung, PAI-1 has been associated with aggressiveness too and may serve as an 
independent prognostic factor in these diseases.32-34,38,54,55 Some studies propose 
that the deposition of PAI-1 by stromal cells instead of malignant epithelial cells 
would be more of consequence for cancer cell invasion and angiogenesis and 
that tumor cells might recruit stromal cells to produce proteases thus facilitating 
tumor cell invasion, while others hypothesize that  PAI-1 production by tumor 
cells serves to protect cancer tissue against the proteolytic degradation which the 
tumor imposes upon the surrounding normal tissue and adds to poor prognosis 
in that way.56,33,47 
However, all these studies focus on the role of PAI-1 and the PA system in cancer, 
and do not involve the role of TGF-β1. This multifunctional cytokine, among 
others, tightly regulates the production of PAI-1 and together they may cooperate 
in control of cell growth, tissue remodelling, angiogenesis and cancer cell inva-
sion.17,19 According to our results, TGF-β1 was expressed by most tumor cells, but 
strong TGF-β1 expression by tumor cells was not associated with worse survival 
rates, recurrent disease or any of the other clinicopathological parameters, except 
for histology. TGF-β1 was more expressed by adeno and specificly adenosquamous 
carcinomas than by squamous carcinomas, which is in agreement with Santin et 
al.57 In addition, Farley et al. reported an increase in TGF-β1 protein and recep-
tor expression during malignant transformation from endocervical epithelium to 
adenocarcinoma, which is in contrast to findings in squamous cell carcinogenesis 
and raises the question whether TGF-β1 plays a different role in adeno (-squa-
mous) carcinoma than in squamous cell carcinoma.44 The lack of relationship 
between enhanced TFG-β1 expression by (mostly squamous cell) carcinomas and 
poor survival we demonstrated, lends support to previous studies, which demon-
strated that loss of TFG-β1 expression was an early event in the neoplastic trans-
formation of (squamous) cervical epithelia.41,42,48,58,59 
However, although not directly, TGF-β1 indirectly may affect the clinical course in 
cervical cancer via induction of PAI-1 in tumor cells and stromal cells. A quanti-
tative relationship between TGF-β1 expression and PAI-1 staining in tumor cells 
could not be detected, but it was notably that all TGF-β1 positive cells produced 
PAI-1 too, while no TGF-negative/PAI-1 positive tumor cells were detected. Fifty-
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eight out of 99 patients demonstrated local or diffuse stromal PAI-1 staining (data 
not shown). We hypothesize that cervical tumor cells protect themselves from 
degradation by PAI-1. PAI-1 may be induced by autocrine TGF-β1 expression 
or acquired from the environment, which would help to explain the decreased 
survival rates observed in highly PAI-1 expressing tumors. Via paracrine TFG-β1 
production tumor cells are able to attract fibroblasts and to stimulate these cells to 
produce PAI-1, which might help facilitating invasion of cancer cells. This mecha-
nism would suggest that the transcriptional response to TGF-β1 remains conserved 
in cervical carcinomas, as is earlier demonstrated by Kang et al.60 Whether, despite 
conserved transcription, the tumor cells lose their growth sensitivity to TGF-β1, as 
was earlier demonstrated for cervical carcinoma cells in vitro, and whether that is 
due to TGF-receptor mutations, downregulations or SMAD4 mutations is an inter-
esting subject for further research.60-66 More research on the relationship between 
TGF-β1 and PAI is required in this type of cancer and especially on protein level 
to affirm the above proposed hypothesis.
With respect to the observation that the enhancement of TGF-β1 in itself does 
not seem to influence the clinical course of cervical cancer, cervical carcinoma 
distinguishes it self from many other types of cancer, where elevation of TGF-β1 

production is associated with poor survival.

In conclusion, we have demonstrated co localization of TGF-β1 and PAI-1 in cer-
vical carcinoma cells. Enhanced presence of PAI-1 in these tumor cells appears 
to be a strong, independent predictor for worse overall and disease free survival 
and may be partly induced by autocrine TGF-β1, which expression in itself is not 
associated with poor survival rates. In future PAI-1 might be a helpful factor in 
estimating a patient’s prognosis and deciding on what therapy might be best.
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