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The potential of PAI-1 expression in needle biopsies 
as a predictive marker for prostate cancer
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Abstract: The relative abundance of urokinase plasminogen activator (uPA) and plas-
minogen activator inhibitor type-1 (PAI-1) in transurethral resections of the prostate 
(TURP) has been shown to correlate with disease state. The objective of this study 
was to assay for uPA and PAI-1 in prostate needle biopsies, and to test their potential 
as predictive markers for prostate cancer (PCa). uPA and PAI-1 levels were deter-
mined for 111 patients (55 PCa; 56 benign prostatic hyperplasia (BPH)), using the 
FEMTELLE enzyme-linked immunosorbent (ELISA) assay. The PAI-1 concentrations 
for PCa and BPH patients differed significantly (p = 0.0403) and a level of ≥ 4.5 ng/mg 
protein in men 60 years and older appears to be predictive of PCa, with a sensitivity 
of 63%. uPA plays a minor role as a potential marker in biopsy tissue, a feature noted 
in our recent TURP tissue studies, and elsewhere. The potential utility of the uPA/PAI-
1 ratio as a predictor of prostate disease, as previously suggested for TURP tissue, is 
not apparent in needle biopsy tissue. PAI-1 concentration in prostate biopsies could 
be a candidate marker for distinguishing between PCa and BPH in older patients.
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PUBLIC INTEREST STATEMENT
The specificity of PSA is limited by a frequency of 
falsely elevated values in benign prostatic hyperplasia 
(BPH), and approximately two-thirds of PSA values 
greater than 4 ng/ml in men over 50, are due to BPH. 
This leads to anxiety and over-treatment.

Our project aimed at developing a bioassay 
which would characterize the presence and 
severity of prostate disease. Tissue of defined 
pathology was homogenized, and proteins 
extracted. We analyzed the extract using 
an enzyme-linked immunosorbent assay to 
determine the concentration of the proteins in 
question. We tested the correlation between 
disease stage, PSA value, and age, with the 
abundance of protein under investigation. No 
relationship existed between PAI-1 concentration 
and PSA level or age, but tumor stage correlated 
with PAI-1, albeit not strongly.

Our findings suggest that PAI-1, and not uPA, 
levels in prostate biopsies from elderly patients 
might potentially be useful as a predictive marker 
for prostate disease.
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1. Introduction
Urokinase plasminogen activator (uPA) and plasminogen activator inhibitor type-1 (PAI-1) play an 
important role in tumor invasion and metastasis (Duffy, McGowan, Harbeck, Thomssen, & Schmitt, 
2014; Schmitt et al., 2011; Shariat et al., 2007). Optimized cut-off concentrations of >3 ng/mg protein 
and >14 ng/mg protein for uPA and PAI-1, respectively, are associated with tumor aggressiveness 
and a poor prognosis in node-negative breast cancer (Annecke et al., 2008; Harbeck et al., 1999). 
Overexpression of PAI-1 is associated with a poor prognosis in cervix, lung, kidney, colon, ovarian, 
non-small cell lung, and oral cancers (Abe et al., 1999; Gershtein & Kushlinskii, 2001; Hundsdorfer et 
al., 2005; Kobayashi, Fujishiro, & Terao, 1994; Ohba et al., 2005; Pavey et al., 1996; Werle et al., 2004). 
The clinical value of uPA and PAI-1 determination is, at present, still limited to breast cancer. To date, 
no Level 1 evidence of clinical usefulness has been demonstrated for these two markers in other 
malignancies.

Despite its widespread use, the prostate-specific antigen (PSA) test has several major limitations. 
In addition to being found in patients with prostate cancer (PCa), a raised PSA level may be found in 
individuals with BPH, inflammation of the prostate, or an infection. There is little correlation between 
PSA levels and tumor aggressiveness. The value of PSA screening in decreasing the mortality rate 
has been questioned by PCa screening studies (Andriole et al., 2009; Schröder et al., 2009).

Of particular relevance, then, is the need to identify additional reliable markers for prostate malig-
nancies. Such predictors should assist in reducing inadvertent incidences of under or overtreatment, 
in cases of false-negative and false-positives, respectively. Errors in identifying patients who could 
benefit from therapeutic interventions can impact negatively on treatment prognosis. In recent 
studies, we demonstrated that uPA/PAI-1 ratios derived from transurethral resection of the prostate 
(TURP) tissues from patients with PCa were significantly higher than those in their BPH counterparts 
(Akudugu, Serafin, & Böhm, 2015; Böhm et al., 2013). Although there is a strong correlation between 
prostate epithelial volumes derived from TURP and biopsy tissues (Fukatsu et al., 2003), the sole use 
of either tissue type for the prediction of PCa remains largely controversial (Epstein, 2000; Otto et al., 
2014; Puppo, Introini, Calvi, & Naselli, 2006; Zigeuner et al., 2003). Overall, prediction strength is 
strongly influenced by tissue site and size. It is, therefore, conceivable that the previously demon-
strated potential of the uPA/PAI-1 ratio in TURP tissue as a PCa marker (Akudugu et al., 2015; Böhm 
et al., 2013) may not emerge in needle biopsy tissue. Interrogation of the idea of using the uPA/PAI-1 
ratio in TURP tissue as a PCa marker is thus warranted in biopsy tissue.

In the following, we present data on uPA and PAI-1 levels in prostate biopsy samples taken from 
111 patients (56 BPH and 55 PCa). It is now shown that the potential utility of the uPA/PAI-1 ratio as 
a predictor of prostate disease, as previously suggested for TURP tissue (Akudugu et al., 2015; Böhm 
et al., 2013), is not apparent in core needle biopsy tissue. The data further demonstrate that a trend 
emerges in favor of PAI-1 acting possibly as a sole PCa biomarker, and suggest that a single biopsy 
might be adequate for assessing levels of the uPA and PAI-1 marker pair.

2. Materials and methods

2.1. Patients and samples
Core needle prostate biopsy tissue was obtained from 111 patients, after signed consent, according 
to ethical guidelines. Single biopsies weighing 5–9 mg were received from 35 patients, while 2–3 bi-
opsies (10–57 mg) were obtained from the remaining 76 patients. The patients were recruited from 
the Gatesville Medical Centre in Athlone and the Tygerberg Academic Hospital (Cape Town, South 
Africa). Of these, 56 patients were diagnosed as BPH and 55 patients as PCa using a scoring system, 
based on PSA, digital rectal examination (DRE), Gleason score and histopathology, as described pre-
viously (Böhm et al., 2013). Initial screening of patients was by PSA and DRE. An abnormal PSA and/
or DRE finding resulted in an 8-core transrectal prostate biopsy. A histology positive score was added 
to the PSA and DRE scores to obtain a 10-point final score. For example, patients with a negative 
DRE, a PSA value of 4 μg/L and one positive core (cT1) were given a rating of 1, indicating a low 
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probability of PCa and a high probability of BPH. A distinctly abnormal DRE with a PSA value of 
100 μg/L, and one or more positive cores received a rating of 10, indicating a high probability of PCa 
and a low probability of BPH. Due to the scoring system not being validated, only patients with a 
score of 8 or higher, in the PCa category, were included. In order to reduce errors, a second urologist 
reviewed the clinical data and scores of patients. The objective of the scoring system was to obtain 
a high level of certainty of PCa identification with a low probability of missing same.

The mean ages of the BPH and PCa groups were 62 years (range: 41–78 years) and 65 years (range: 
46–80  years), respectively. The corresponding PSA concentrations for the two groups of patients 
emerged as 11.6 ng/mL (range: 2.7–43.0 ng/mL) and 38.8 ng/mL (range: 0.67–246 ng/mL). The study 
was approved (reference N09/11/330) by the Ethics Committee of the Faculty of Medicine and Health 
Sciences, Stellenbosch University (South Africa), and was conducted in accordance with the Helsinki 
Declaration of 1975.

2.2. Sample preparation and measurement of uPA and PAI-1 content
For protein extraction, the deep frozen prostate biopsy tissue samples were placed in cold extraction 
buffer, composed of 240 μL pH 8.5 Tris-buffered saline and 10  μl of 25% Triton X-100 (Sekisui 
Diagnostics Product R22), at 4°C for 24 h on a rotating roller, followed by centrifugation at 20,000 × g 
for 20 min at 4°C. Aliquots of the extract were then subjected to the Pierce Bicinchoninic acid (BCA) 
protein assay (Thermo Scientific, Rockford, USA). Briefly, the total protein concentration is manifest 
by a color change of the sample solution from green to purple in proportion to protein concentration, 
which is then measured using a colorimetric technique. Determination of the uPA and PAI-1 content 
in the biopsy tissue samples was by the FEMTELLE enzyme-linked immunosorbent (ELISA) assay 
(Sekisui Diagnostics, LLC, Lexington, MA, USA), as described elsewhere (Jänicke et al., 1994). Total 
protein was expressed as mg/mL, while the content of uPA and PAI-1 was expressed in ng/mg total 
protein. To test the ability of the pair of markers to predict disease state as proposed previously for 
TURP tissue (Akudugu et al., 2015; Böhm et al., 2013), the uPA/PAI-1 ratio was calculated for each 
patient sample, and data for the PCa and BPH groups were compared.

3. Statistical analysis
Statistical analyses were performed using the GraphPad Prism computer program (GraphPad 
Software, San Diego, CA, USA). To compare two data-sets, the unpaired t test was used. The P values 
and the coefficients of determination, R2, were calculated from two-sided tests. A P value of < 0.05 
indicates a statistically significant difference between the data-sets. The predictive power of the 
PAI-1 and uPA parameters was assessed using receiver operating characteristic (ROC) analysis. 
Briefly, a cut-off point was chosen within the range of each endpoint above which patients would 
have PCa. By moving the cut-off point across the data range, an array of true positive rates (sensitiv-
ity) and corresponding false positive rates (1-specificity) was generated from which the ROC curves 
were constructed. The accuracy of a test was measured by the area under the ROC curve (the c-in-
dex). An area of 1.0 represents a perfect test, while an area of 0.5 represents a non-discriminating 
test.

4. Results

4.1. uPA and PAI-1 expression in core needle biopsies of the prostate
Figure 1 shows the recovery of both markers from biopsies of the two groups of patients. The mean 
uPA concentration emerged as 0.22 ± 0.02 ng/mg protein for the BPH patients and 0.30 ± 0.09 ng/
mg protein for PCa patients, showing no significant difference (p = 0.3367; R2 = 0.0085). The corre-
sponding ranges of uPA content were found to be 0–0.74 ng/mg protein and 0–3.58 ng/mg protein. 
On the other hand, PAI-1 concentrations for the BPH and PCa groups were 3.52  ±  0.41 and 
5.98 ± 1.12 ng/mg protein, respectively, and were significantly different (p = 0.0403; R2 = 0.0380), 
with corresponding ranges 0.17–17.30 ng/mg protein and 0.26–40.28 ng/mg protein. In general, for 
patient groups, PAI-1 concentrations were 12–16 times higher than uPA concentrations.
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4.2. Relative abundance of uPA and PAI-1 in prostate biopsies and disease state
The data presented in Figure 2 show similar uPA/PAI-1 ratios of 0.08 ± 0.01 and 0.07 ± 0.01 for the 
BPH and PCa groups, respectively (p = 0.4582; R2 = 0.0051). When marker concentration was plotted 
against patient age (grouped in 10-year intervals), uPA expression in both groups of patients fol-
lowed a similar pattern, with no distinguishing features (Figure 3(A)). For PAI-1, a clear trend 
emerged for patients older than 60 years with marker concentration in PCa patients increasing with 

Figure 1. Comparison of marker 
concentration in BPH and PCa 
biopsy tissues: (A) uPA and (B) 
PAI-1.

Note: Horizontal lines 
represent the mean marker 
concentration in each group of 
patients.

Figure 2. Comparison of uPA/
PAI-1 ratios in BPH and PCa 
biopsy tissues.

Notes: Horizontal lines 
represent the mean uPA/
PAI-1 ratio in each group of 
patients. Arrows represent the 
maximum marker levels in 
TURP tissue [2] and [5].

Figure 3. Plot of marker 
concentration in BPH and PCa 
biopsy tissues against mean 
age of patients grouped in 10-
year intervals: (A) uPA and (B) 
PAI-1.

Notes: Numbers in parentheses 
and square brackets represent 
the size of each patient 
subgroup in each age interval 
for BPH and PCa, respectively. 
Horizontal dashed-dotted line 
indicates the cut-off PAI-1 level 
above which patients older 
than 60 years may likely have 
prostate cancer.
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age (Figure 3(B)). In PCa patients over 60 years of age, the average PAI-1 level ranged from 4.5 to 
9 ng/mg protein. On average, PAI-1 concentrations for all BPH patients were below 4.5 ng/mg pro-
tein (Figure 3(B)). Due to the overlap in the data (Figure 1 and 3), it is difficult to assess the utility of 

Figure 4. ROC curve of the 
predictive power of uPA and 
PAI-1 markers of disease state 
(BPH or PCa) in biopsy tissues.

Note: PAI-1 expression 
may have a better ability to 
correctly classify patients with 
prostate disease than uPA 
expression.

Figure 5. Correlation of the 
marker pair, uPA and PAI-1, in 
PCa and BPH biopsy tissues in 
relation to PSA values.
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PAI-1 and uPA levels as predictive markers. Consequently, we examined the data for patients older 
than 60 years of age using ROC analysis (Figure 4). The data indicate that PAI-1 expression may have 
a better ability than uPA expression to correctly classify patients with and without prostate disease. 
The c-indices were 0.63 and 0.42, respectively. No relationship is noted between PSA level and the 
marker pair uPA and PAI-1, for either BPH or PCa (Figure 5). A positive trend, however, exists for PAI-1 
and tumor grade, albeit not strongly (Figure 6).

5. Discussion
We previously demonstrated that the uPA/PAI-1 ratio in transurethral resections of the prostate 
(TURP) is significantly higher for PCa patients than for BPH patients, and hence may be a useful indi-
cator of prostate disease (Akudugu et al., 2015; Böhm et al., 2013). Establishing a differential in the 
uPA/PAI-1 ratio in less invasive needle biopsies of the prostate from BPH and PCa patients might 
have significant clinical implications. The current study evaluated uPA and PAI-1 marker levels in 
core needle biopsies from a cohort of 111 prostate patients, of which 56 were BPH and 55 were PCa. 
It must be emphasized that the new data on uPA and PAI-1 are not in conflict with previous meas-
urements in TURP samples, a major difference being the large number of BPH samples in the previ-
ous study, and the equal numbers of PCa and BPH samples in the present study. Unlike tissue from 
transurethral resections, prostate biopsy samples are of small mass and quantification of uPA and 
PAI-1 protein levels can be challenging. Due to tumor heterogeneity, there are concerns that certain 
biopsies might miss malignant tissue and would not be representative of an entire tumor (Epstein, 
2000; Otto et al., 2014; Puppo et al., 2006; Zigeuner et al., 2003). To address the problem, Thomssen 
and colleagues compared uPA and PAI-1 values in breast tumor tissue from needle biopsies (weigh-
ing 10–30 mg) with those in samples of a larger size (weighing 90–300 mg), and found that their 

Figure 6. Correlation of the 
marker pair, uPA and PAI-1, in 
PCa and BPH biopsy tissues in 
relation to tumor grade.

Figure 7. Comparison of: (A) uPA 
and (B) PAI-1 concentrations 
in prostate biopsy tissues from 
111 patients (56 BPH; 55 PCa), 
in relation to biopsy size.

Note: All samples < 10 mg were 
single biopsies. Horizontal lines 
represent the mean marker 
concentration in each group of 
patients.
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mean levels were strongly correlated (Thomssen et al., 2009). This study demonstrated that uPA and 
PAI-1 in needle biopsies can reliably be used to predict primary breast cancer, provided more than 
one biopsy is assessed to cater for tumor heterogeneity. In contrast, the prostate data presented in 
Figure 7 demonstrate that prostate biopsy size and number do not seem to impact negatively on 
uPA and PAI-1 recovery. In fact, the efficiency of marker recovery was similar in single (<10 mg) and 
multiple (≥10 mg) biopsies (Figure 7(A) and (B)). uPA concentrations from BPH tissue show no mean 
significant difference, while the statistical difference seen for PCa tissue is likely due to a few outliers 
(Figure 7(A)). PAI-1 concentrations from BPH and PCa tissues, too, show slight mean differences, due 
to outliers (Figure 7(B)).

Although a very strong correlation has been shown between prostate epithelial volumes obtained 
from needle biopsies and TURP tissue (Fukatsu et al., 2003), no data exist demonstrating a relation-
ship for uPA and PAI-1 protein levels in prostate tissue types. Here, it is shown that the ranges of uPA 
and PAI-1 levels in needle biopsy tissue were comparable to those seen in TURP tissue (Akudugu et 
al., 2015; Böhm et al., 2013), except for three PCa samples that yielded significantly higher levels 
(Figure 1(A)). Similarly, the PAI-1 ranges were consistent with those previously reported (Akudugu et 
al., 2015; Böhm et al., 2013), except for levels in only one BPH and three PCa samples falling above 
those for TURP tissue (Figure 1(B)). With regard to uPA/PAI-1 ratios in biopsies, the ranges were much 
wider than for TURP tissue (Akudugu et al., 2015; Böhm et al., 2013). In fact, in as many as 25 biop-
sies, the ratios were higher than the maxima observed for TURP tissue (Figure 2). This translated into 
a significant increase in the mean uPA/PAI-1 ratio for the BPH group, thereby nullifying the separa-
tion seen between uPA/PAI-1 ratios for BPH and PCa in our previous studies on TURP tissue (Akudugu 
et al., 2015; Böhm et al., 2013). Also, no link was seen between uPA/PAI-1 ratio and age in PCa pa-
tients as previously observed for TURP tissue (Akudugu et al., 2015).

The higher uPA levels seen in needle biopsies relative to that observed in TURP tissue (Akudugu et 
al., 2015; Böhm et al., 2013) favored biopsies from both BPH and PCa patients, while that for PAI-1 
favored only biopsy samples from PCa patients (Figure 1). In fact, the net concentration of uPA in 
needle biopsies from BPH patients was much lower than that found in TURP samples. This suggests 
that PAI-1 levels in biopsies might be a more reliable determinant of prostatic disease. To interro-
gate this assertion, marker levels were plotted against patient age, as illustrated in Figure 3. It is 
apparent that uPA plays a minor role as a potential marker in prostate biopsy tissue, a feature noted 
in our recent TURP tissue studies, and elsewhere (Akudugu et al., 2015; Böhm et al., 2013; Plas et al., 
2001). Consistent with previous data for TURP, uPA levels did not appear to be influenced by age. On 
the other hand, PAI-1 levels were found to be age-dependent (Figure 3(B)). A PAI-1 value of ≥ 4.5 ng/
mg protein in men of 60 years and older appears to be moderately predictive for PCa, with a sensitiv-
ity of 63% (Figure 4). In men below the age of 60 years, no difference in PAI-1 values exists between 
PCa and BPH patients (Figure 3). However, individuals in this age bracket with PAI-1 values lower 
than 4.5 ng/mg protein are more likely to have BPH. This analysis furthermore shows that regardless 
of age, men with a PAI-1 value of less than 4.5 ng/mg protein fall into the BPH category.

6. Conclusions
These findings suggest that PAI-1 levels in core needle biopsies of the prostate from elderly patients 
might potentially be useful as a predictive marker for prostate disease. Recruitment of a larger pa-
tient cohort across different age groups would be needed to further elucidate the role of age in the 
PAI-1 marker expression. The data further suggest that a single prostate biopsy of about 5 mg may 
be sufficient for assessing uPA and PAI-1 levels.

Acknowledgments
We thank Professor A. van der Merwe, and the medical 
registrars of the Urology Department, University of 
Stellenbosch, and Dr. N.A. Aziz of the Gatesville Medical 
Centre, Athlone, SA for prostate biopsy samples, and Dr  
M. Vetter for advice on the utilization of the FEMTELLE assay.

Funding
This research was funded by Cancer Association of South 
Africa (CANSA) to Antonio Serafin, and the National 
Research Foundation of South Africa (NRF) [grants number 
85703] and [grant number 92741] to John Akudugu.



Page 8 of 9

Serafin et al., Cogent Medicine (2016), 3: 1183275
http://dx.doi.org/10.1080/2331205X.2016.1183275

Competing interests
The authors declare no competing interests.

Author details
Antonio Serafin1

E-mail: ts@sun.ac.za
Lothar Böhm1

E-mail: lbohm@telkomsa.net
Pedro Fernandez2

E-mail: pf3@sun.ac.za
ORCID ID: http://orcid.org/0000-0002-8728-9032
Daniel Achel1,3

E-mail: gachel@gmail.com
John Akudugu1

E-mail: jakudugu@sun.ac.za
1  Division of Radiobiology, Faculty of Medicine and Health 

Sciences, Department of Medical Imaging and Clinical 
Oncology, Stellenbosch University, Tygerberg 7505, South 
Africa.

2  Faculty of Medicine and Health Sciences, Department of 
Urology, University of Stellenbosch, Tygerberg, South Africa.

3  Applied Radiation Biology Centre, Radiological and Medical 
Sciences Research Institute, Ghana Atomic Energy 
Commission, Accra, Ghana.

Citation information
Cite this article as: The potential of PAI-1 expression 
in needle biopsies as a predictive marker for prostate 
cancer, Antonio Serafin, Lothar Böhm, Pedro Fernandez, 
Daniel Achel & John Akudugu, Cogent Medicine (2016), 3: 
1183275.

References
Abe, J., Urano, T., Konno, H., Erhan, Y., Tanaka, T., Nishino, N., … 

Nakamura, S. (1999). Larger and more invasive colorectal 
carcinoma contains larger amounts of plasminogen 
activator inhibitor type 1 and its relative ratio over 
urokinase receptor correlates well with tumor size. 
Cancer, 86, 2602–2611. 
http://dx.doi.org/10.1002/(ISSN)1097-0142

Akudugu, J., Serafin, A., & Böhm, L. (2015). Further evaluation 
of uPA and PAI-1 as biomarkers for prostatic diseases. 
Journal of Cancer Research Clinical Oncology, 141, 
627–631. 
http://dx.doi.org/10.1007/s00432-014-1848-3

Andriole, G. L., Crawford, E. D., Grubb, R. L., 3rd, Buys, S. S., Chia, 
D., Church, T. R., … Reding, D. J. (2009). Mortality results 
from a randomized prostate-cancer screening trial. New 
England Journal of Medicine, 360, 1310–1319. 
http://dx.doi.org/10.1056/NEJMoa0810696

Annecke, K., Schmitt, M., Euler, U., Zerm, M., Paepke, D., Paepke, 
S., … Harbeck, N. (2008). uPA and PAI-1 in breast cancer: 
Review of their clinical utility and current validation in the 
prospective NNBC-3 trial. Advances in Clinical Chemistry, 
45, 31–45. 
http://dx.doi.org/10.1016/S0065-2423(07)00002-9

Böhm, L., Serafin, A., Akudugu, J., Fernandez, P., Van der Merwe, 
A., & Aziz, N. A. (2013). uPA/PAI-1 ratios distinguish benign 
prostatic hyperplasia and prostate cancer. Journal of 
Cancer Research Clinical Oncology, 139, 1221–1228. 
http://dx.doi.org/10.1007/s00432-013-1428-y

Duffy, M. J., McGowan, P. M., Harbeck, N., Thomssen, C., & 
Schmitt, M. (2014). uPA and PAI-1 as biomarkers in breast 
cancer: Validated for clinical use in level-of-evidence-1 
studies. Breast Cancer Research, 16, 428. 
http://dx.doi.org/10.1186/s13058-014-0428-4

Epstein, J. I. (2000). Gleason score 2-4 adenocarcinoma of the 
prostate on needle biopsy: A diagnosis that should not be 
made. The American Journal of Surgical Pathology, 24, 477–
478. http://dx.doi.org/10.1097/00000478-200004000-00001

Fukatsu, A., Ono, Y., Ito, M., Yoshino, Y., Hattori, R., Gotoh, M., & 
Ohshima, S. (2003). Relationship between serum prostate 
specific antigen and calculated epithelial volume. Urology, 
61, 370–374. 
http://dx.doi.org/10.1016/S0090-4295(02)02159-3

Gershtein, E. S., & Kushlinskii, N. E. (2001). Urokinase and 
tissue plasminogen activators and their inhibitor PAI-1 
in human tumors. Bulletin of Experimental Biology and 
Medicine, 131, 67–72. 
http://dx.doi.org/10.1023/A:1017542915662

Harbeck, N., Thomssen, C., Berger, U., Ulm, K., Kates, R. E., 
Höfler, H., … Schmitt, M. (1999). Invasion marker PAI-
1 remains a strong prognostic factor after long-term 
follow-up both for primary breast cancer and following 
first relapse. Breast Cancer Research and Treatment, 54, 
147–157. 
http://dx.doi.org/10.1023/A:1006118828278

Hundsdorfer, B., Zeilhofer, H. F., Bock, K. P., Dettmar, P., Schmitt, 
M., Kolk, A., … Horch, H. H. (2005). Tumour-associated 
urokinase-type plasminogen activator (uPA) and its 
inhibitor PAI-1 in normal and neoplastic tissues of 
patients with squamous cell cancer of the oral cavity—
clinical relevance and prognostic value. Journal of Cranio-
Maxillofacial Surgery, 33, 191–196. 
http://dx.doi.org/10.1016/j.jcms.2004.12.005

Jänicke, F., Pache, L., Schmitt, M., Ulm, K., Thomssen, C., Prechtl, 
A., & Graeff, H. (1994). Both the cytosols and detergent 
extracts of breast cancer tissues are suited to evaluate 
the prognostic impact of the urokinase-type plasminogen 
activator and its inhibitor, plasminogen activator inhibitor 
type 1. Cancer of Research, 54, 2527–2530.

Kobayashi, H., Fujishiro, S., & Terao, T. (1994). Impact of 
urokinase-type plasminogen activator and its inhibitor 
type 1 on prognosis in cervical cancer of the uterus. 
Cancer of Research, 54, 6539–6548.

Ohba, K., Miyata, Y., Kanda, S., Koga, S., Hayashi, T., & Kanetake, 
H. (2005). Expression of urokinase-type plasminogen 
activator, urokinase-type plasminogen activator receptor 
and plasminogen activator inhibitors in patients with 
renal cell carcinoma: Correlation with tumor associated 
macrophage and prognosis. The Journal of Urology, 174, 
461–465. 
http://dx.doi.org/10.1097/01.ju.0000165150.46006.92

Otto, B., Barbieri, C., Lee, R., Te, A. E., Kaplan, S. A., Robinson, 
B., & Chughtai, B. (2014). Incidental prostate cancer in 
transurethral resection of the prostate specimens in 
the modern era. Advances in Urology, PMID: 24876835. 
doi:10.1155/2014/627290

Pavey, S. J., Marsh, N. A., Ray, M. J., Butler, D., Dare, A. J., & 
Hawson, G. A. (1996). Changes in plasminogen activator 
inhibitor-1 levels in non-small cell lung cancer. Bollettino 
della Società italiana di biologia sperimentale, 72, 
331–340.

Plas, E., Carroll, V. A., Jilch, R., Simak, R., Mihaly, J., Melchior, 
S., … Pflüger, H. (2001). Variations of components of the 
plasminogen activation system with the cell cycle in 
benign prostate tissue and prostate cancer. Cytometry, 
46, 184–189. 
http://dx.doi.org/10.1002/cyto.v46:3

Puppo, P., Introini, C., Calvi, P., & Naselli, A. (2006). Role of 
transurethral resection of the prostate and biopsy of 
the peripheral zone in the same session after repeated 
negative biopsies in the diagnosis of prostate cancer. 
European Urology, 49, 873–878. 
http://dx.doi.org/10.1016/j.eururo.2005.12.064

Schmitt, M., Harbeck, N., Brünner, N., Jänicke, F., Meisner, C., 
Mühlenweg, B., … Thomssen, C. (2011). Cancer therapy 
trials employing level-of-evidence-1 disease forecast 
cancer biomarkers uPA and its inhibitor PAI-1. Expert 
Review of Molecular Diagnostics, 11, 617–634. 
http://dx.doi.org/10.1586/erm.11.47

mailto:ts@sun.ac.za
mailto:lbohm@telkomsa.net
mailto:pf3@sun.ac.za
http://orcid.org/0000-0002-8728-9032
mailto:gachel@gmail.com
mailto:jakudugu@sun.ac.za
http://dx.doi.org/10.1002/(ISSN)1097-0142
http://dx.doi.org/10.1002/(ISSN)1097-0142
http://dx.doi.org/10.1007/s00432-014-1848-3
http://dx.doi.org/10.1007/s00432-014-1848-3
http://dx.doi.org/10.1056/NEJMoa0810696
http://dx.doi.org/10.1056/NEJMoa0810696
http://dx.doi.org/10.1016/S0065-2423(07)00002-9
http://dx.doi.org/10.1016/S0065-2423(07)00002-9
http://dx.doi.org/10.1007/s00432-013-1428-y
http://dx.doi.org/10.1007/s00432-013-1428-y
http://dx.doi.org/10.1186/s13058-014-0428-4
http://dx.doi.org/10.1186/s13058-014-0428-4
http://dx.doi.org/10.1097/00000478-200004000-00001
http://dx.doi.org/10.1016/S0090-4295(02)02159-3
http://dx.doi.org/10.1016/S0090-4295(02)02159-3
http://dx.doi.org/10.1023/A:1017542915662
http://dx.doi.org/10.1023/A:1017542915662
http://dx.doi.org/10.1023/A:1006118828278
http://dx.doi.org/10.1023/A:1006118828278
http://dx.doi.org/10.1016/j.jcms.2004.12.005
http://dx.doi.org/10.1016/j.jcms.2004.12.005
http://dx.doi.org/10.1097/01.ju.0000165150.46006.92
http://dx.doi.org/10.1097/01.ju.0000165150.46006.92
http://10.1155/2014/627290
http://dx.doi.org/10.1002/cyto.v46:3
http://dx.doi.org/10.1002/cyto.v46:3
http://dx.doi.org/10.1016/j.eururo.2005.12.064
http://dx.doi.org/10.1016/j.eururo.2005.12.064
http://dx.doi.org/10.1586/erm.11.47
http://dx.doi.org/10.1586/erm.11.47


Page 9 of 9

Serafin et al., Cogent Medicine (2016), 3: 1183275
http://dx.doi.org/10.1080/2331205X.2016.1183275

© 2016 The Author(s). This open access article is distributed under a Creative Commons Attribution (CC-BY) 4.0 license.
You are free to: 
Share — copy and redistribute the material in any medium or format  
Adapt — remix, transform, and build upon the material for any purpose, even commercially.
The licensor cannot revoke these freedoms as long as you follow the license terms.

Under the following terms:
Attribution — You must give appropriate credit, provide a link to the license, and indicate if changes were made.  
You may do so in any reasonable manner, but not in any way that suggests the licensor endorses you or your use.  
No additional restrictions  
You may not apply legal terms or technological measures that legally restrict others from doing anything the license permits.

Cogent Medicine (ISSN: 2331-205X) is published by Cogent OA, part of Taylor & Francis Group. 
Publishing with Cogent OA ensures:
• Immediate, universal access to your article on publication
• High visibility and discoverability via the Cogent OA website as well as Taylor & Francis Online
• Download and citation statistics for your article
• Rapid online publication
• Input from, and dialog with, expert editors and editorial boards
• Retention of full copyright of your article
• Guaranteed legacy preservation of your article
• Discounts and waivers for authors in developing regions
Submit your manuscript to a Cogent OA journal at www.CogentOA.com

Schröder, F. H., Hugosson, J., Roobol, M. J., Tammela, T. L., 
Ciatto, S., Nelen, V., Denis, L. J. (2009). Screening and 
prostate-cancer mortality in a randomized European 
study. New England Journal of Medicine, 360, 1320–1328. 
http://dx.doi.org/10.1056/NEJMoa0810084

Shariat, S. F., Roehrborn, C. G., McConnell, J. D., Park, S., Alam, 
N., Wheeler, T. M., & Slawin, K. M. (2007). Association 
of the circulating levels of the urokinase system of 
plasminogen activation with the presence of prostate 
cancer and invasion, progression, and metastasis. Journal 
of Clinical Oncology, 25, 349–355. 
http://dx.doi.org/10.1200/JCO.2006.05.6853

Thomssen, C., Harbeck, N., Dittmer, J., Abraha-Spaeth, S. R., 
Papendick, N., Paradiso, A., … Vetter, M. (2009). Feasibility 
of measuring the prognostic factors uPA and PAI-1 in core 

needle biopsy breast cancer specimens. Journal of the 
National Cancer Institute, 101, 1028–1029. 
http://dx.doi.org/10.1093/jnci/djp145

Werle, B., Kotzsch, M., Lah, T. T., Kos, J., Gabrijelcic-Geiger, D., 
Spiess, E., … Luther, T. (2004). Cathepsin B, plasminogen 
activator inhibitor (PAI-1) and plasminogen activator-
receptor (uPAR) are prognostic factors for patients with 
non-small cell lung cancer. Anticancer Research, 24, 
4147–4161.

Zigeuner, R., Schips, L., Lipsky, K., Auprich, M., Salfellner, M., 
Rehak, P., … Hubmer, G. (2003). Detection of prostate 
cancer by TURP or open surgery in patients with 
previously negative transrectal prostate biopsies. Urology, 
62, 883–887. 
http://dx.doi.org/10.1016/S0090-4295(03)00663-0

http://dx.doi.org/10.1056/NEJMoa0810084
http://dx.doi.org/10.1056/NEJMoa0810084
http://dx.doi.org/10.1200/JCO.2006.05.6853
http://dx.doi.org/10.1200/JCO.2006.05.6853
http://dx.doi.org/10.1093/jnci/djp145
http://dx.doi.org/10.1093/jnci/djp145
http://dx.doi.org/10.1016/S0090-4295(03)00663-0
http://dx.doi.org/10.1016/S0090-4295(03)00663-0

	Abstract: 
	1.  Introduction
	2.  Materials and methods
	2.1.  Patients and samples
	2.2.  Sample preparation and measurement of uPA and PAI-1 content

	3.  Statistical analysis
	4.  Results
	4.1.  uPA and PAI-1 expression in core needle biopsies of the prostate
	4.2.  Relative abundance of uPA and PAI-1 in prostate biopsies and disease state

	5.  Discussion
	6.  Conclusions
	Acknowledgments
	References



