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Abstract: Background: A non-invasive and sensitive biomarker for the detection of ovarian cancer
(OvCa) is lacking. We aim to investigate if urinary placental leucine aminopeptidase (P-LAP) can
serve as a reliable biomarker for OvCa. Methods: P-LAP activity was measured using a LAP assay kit
(Serotech Co., Ltd., Sapporo, Japan) in the urine of 22 patients with benign or borderline malignant
ovarian tumors and 18 patients with OvCa. In this assay, L-methionine was added at 20 mM because
P-LAP is functional, but other aminopeptidases are inhibited at this dose of L-methionine. Results:
The mean urinary P-LAP activity was significantly higher in the OvCa group than in the benign or
borderline malignant tumor group. When the cut-off value of P-LAP was determined as 11.00 U/L,
its sensitivity and specificity for differentiating invasive cancer were 77.8% and 95.5%, respectively.
Conclusion: Although the usefulness of this test should be confirmed in a larger cohort of cases and
controls, our study is the first to highlight the importance of urinary P-LAP as a biomarker for OvCa.

Keywords: leucine aminopeptidase; ovarian cancer; urine biomarker; placenta

1. Introduction

The identification of novel biomarkers has advanced ovarian cancer (OvCa) research
and definitively contributed to the treatment for the disease. Currently, blood biomarkers
are widely used for the diagnosis of ovarian cancer; however, these require an invasive
process for sample collection. Therefore, the discovery of non-invasive and sensitive
biomarkers used to detect OvCa is highly desirable.

Placental leucine aminopeptidase (P-LAP) (EC.3.4.11.3) is an endolysosomal enzyme
synthesized as a membrane-spanning cysteine aminopeptidase [1–3]. P-LAP is expressed
in various tissues, including the placenta. Notably, P-LAP is identical to insulin-regulated
membrane aminopeptidase [4], which colocalizes with glucose transporter type 4 in the
intracellular vesicles of fat and muscle cells. We found that P-LAP plays an important
role in regulating feto-placental circulation to maintain physiological maternal blood pres-
sure [5–7]. We also reported that P-LAP is expressed in the ovarian epithelium [8] and dys-
germinoma of the ovary [9] and that blood P-LAP levels increase in patients with different
types of gynecological malignancies [10]. P-LAP is present in endometrial adenocarcinoma
and participates in the regulation of endometrial cancer growth [11]. Furthermore, P-LAP
concentration assessed by immunohistochemical staining is associated with a poor progno-
sis in patients with endometrial adenocarcinoma [12]. On the other hand, P-LAP is also
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expressed in the kidney [13,14], and P-LAP activity increases in patients with high-grade
and advanced-stage clear cell renal carcinoma [15,16].

The significant increases in P-LAP levels and activity among patients with gynecologi-
cal and kidney malignancies prompted us to quantify P-LAP activity in the urine of patients
with OvCa. We report that urine P-LAP activity significantly and sensitively increases in
patients with OvCa compared with controls, which nominates urine P-LAP as a sensitive
and non-invasive biomarker for detecting OvCa.

2. Patients and Methods

Patients who visited our institution and were diagnosed with primary ovarian tumor
were included for this study. Written informed consent was received from all individuals
whose urine and blood were provided. We included patients who visited our hospital
from 2018 to 2020 with agreement for the study enrollment and excluded patients who had
severe organ failure.

Measurement of P-LAP activity: P-LAP activity was measured using a LAP assay
kit (Serotec Co., Ltd., Sapporo, Japan). In this assay, L-methionine was added at 20 mM
because P-LAP is functional while other aminopeptidases are inhibited at this dose of
L-methionine [17], allowing for the selective measurement of P-LAP activity even in the
presence of other aminopeptidases in the urine sample. The determination of the cancer
antigen 125 (CA125): Serum CA125 level was measured by an out-sourced institute. To
compare changes in the urinary P-LAP activity and serum CA125/CA19-9 levels, urine and
serum samples were collected from a patient (n = 1) with relapse before and after surgery.

Statistical analyses between two groups were performed using a Mann–Whitney U
test for continuous variables. The difference in ROC curves between the groups was
assessed by DeLong’s test. Significance was selected as two-sided with a p value < 0.05.
All statistical analyses were conducted using IBM SPSS Statistics, Version 26.0 (IBM Corp.,
Armonk, NY, USA).

3. Results

We measured urinary P-LAP activity and serum levels of CA125 in 22 patients with
benign or borderline malignant ovarian tumors and 18 patients with OvCa (Table 1).
In patients with benign or borderline malignant tumors, chocolate cysts were observed
in 11 patients (50%), and borderline malignant tumors were observed in three patients.
Among the patients with OvCa, seven had serous carcinoma and five had clear cell carci-
noma. In the benign/borderline malignant tumor group, the mean urinary P-LAP activity
was 6.59 ± 2.32 U/L. In the OvCa group, urinary P-LAP activity was 30.61 ± 29.55 U/L;
the value was significantly higher in the latter (p < 0.01; Mann–Whitney U test) (Figure 1).
When the cut-off value of P-LAP was determined as 11.00 U/L, its sensitivity and specificity
for identifying OvCa reached maxima of 77.8% and 95.5%, respectively. The area under the
curve (AUC) of the sensitivity vs. specificity plot of P-LAP was larger than that of CA125,
but the difference was not significant (p = 0.24; DeLong’s test) (Figure 2).
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Table 1. Urinary P-LAP levels and serum CA125 levels in ovarian tumor patients by histological
types and stages.

P-LAP (uU/mL) CA125 (U/mL)

Mean ± SD Mean ± SD

Benign and borderline (n = 22) 6.59 ± 2.32 32.32 ± 24.98
Histology Endometriotic Cyst (n = 11) 6.27 ± 1.68 30.64 ± 16.86

Mature Teratoma (n = 6) 5.67 ± 2.73 37.33 ± 40.47
Serous adenoma (n = 1) 12 56
Mucinous adenoma (n = 1) 5 11
Mucinous borderline (n = 2) 8.00 ± 0.00 37.00 ± 16.97
Granulosa cell tumor (n = 1) 9 9

Stage I (n = 3) 8.33 ± 0.58 27.67 ± 20.13

Malignant (n = 18) 30.61 ± 29.55 175.50 ± 256.32
Histology Serous Carcinoma (n = 7) 27.14 ± 17.56 94.43 ± 83.37

Clear Carcinoma (n = 5) 57.60 ± 41.84 416.20 ± 405.41
Endometrioid Carcinoma (n = 3) 12.67 ± 6.81 52.00 ± 38.20
Mucinous Carcinoma (n = 2) 7.00 ± 1.41 121.50 ± 47.38
Carcinosarcoma (n = 1) 21 18

Stage I (n = 6) 10.67 ± 5.20 81.17 ± 46.94
II (n = 7) 45.29 ± 39.08 297.43 ± 385.53
III (n = 5) 34.00 ± 19.96 118.00 ± 100.11

P-LAP-placental leucine aminopeptidase; CA-cancer antigen.

 

 

 

 

Figure 1. Box plot summary of P-LAP activity in the urine of 22 patients with benign or borderline
malignant ovarian tumors and 18 patients with OvCa.
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Figure 2. Receiver operating characteristics of urinary P-LAP and serum CA125.

In one patient, we observed changes in their P-LAP activity and serum CA125/CA19-9
levels during treatment. The patient was 53-year-old woman. She had ovarian clear cell
carcinoma with a maximum diameter of 12 cm and stage IIB ovarian cancer (FIGO 2014).
Surgery including total hysterectomy, bilateral salpingo-oophorectomy, omentectomy, and
lymph node biopsy, and two courses of paclitaxel and carboplatin therapy as postoperative
adjuvant therapy were performed. Three months after the end of treatment, recurrence
was confirmed by CT. Chemotherapy was not effective, and the patient died 9 months later.

The urinary P-LAP activity and serum CA125/CA19-9 levels were determined during
treatment (Figure 3). Both values were high before surgery but decreased after surgery,
suggesting that these parameters were responsive to treatment. The rate of decrease in the
urinary P-LAP activity was greater than that of the serum CA125 and CA19-9 levels. In
addition, there were increases in the serum CA125 and CA19-9 levels, which were possibly
related to tumor relapse after surgery. However, the rate of increase in the urinary P-LAP
activity was greater than that of the serum CA125 and CA19-9 levels.
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4. Discussion

Serum CA125 is often measured in cases of ovarian cysts to exclude their malignancy.
However, because of its low specificity and increased levels in different physiological
states, serum CA125 is not a good biomarker for OvCa [18]. Several benign conditions
can cause elevations in CA 125, including pregnancy, uterine fibroids (benign tumors),
normal menstruation, and pelvic inflammatory disease. CA 125 levels can also be elevated
in endometriosis, a common disease in women of reproductive age and characterized by
ovarian cysts. However, these cysts are usually benign and, only in some cases, can undergo
malignant transformation. Therefore, the discovery of specific biomarkers is necessary to
enable the early diagnosis of OvCa.

Cellular transformation has long been associated with increased secretion of lysosomal
enzymes, a process that has been proposed to play a role in cancer growth and metasta-
sis [19,20]. P-LAP is synthesized and localized as a lysosomal enzyme [1,3,21]. However,
the mechanisms by which urinary P-LAP levels increase in patients with OvCa are largely
unknown. There seem to be two possibilities: (1) P-LAP may be derived from malignant
cancer cells, and (2) P-LAP may be derived from the kidney through communication by
cancer cell-derived mediators. In the former case, during progression from benign to
malignant characteristics, secretory characteristics of lysosomal P-LAP from tumor cells
may be sensitively changed, which eventually results in an increase in urine P-LAP. On
the other hand, P-LAP is abundantly expressed in various organs, including renal tubules
and collecting tubules in the kidneys [13,14] and can be selectively released in response to
a tumor at a distant site.

Exosomes are a subset of extracellular vehicles that originate from the endosomal
system and are released in the extracellular milieu [22]. Considering recent advances in our
understanding of the vital roles of exosomes in systemic communication between tumor
cells and other organs, exosome-mediated communication between malignant ovarian
tumor cells and host renal cells may potentially influence the secretory processes of P-LAP
from renal cells [23–27].

Proteomic analysis of vesicles isolated from urine has identified numerous components
of multivesicular bodies, which are a subset of endosomes that contain membrane-bound
intraluminal vesicles as well as aminopeptidases such as aminopeptidase N and A [28].
Follow-up studies are needed to examine if proteins from such vesicles in patients’ urine
can serve as robust biomarkers for other diseases.

One limitation of our study is that our sample size was small; therefore, patients with
borderline ovarian tumors were included in the control group. However, P-LAP activity
still differentiated between the control group, including non-invasive borderline cases, and
patients with OvCa with high sensitivity and specificity. This highlights the superiority of
this test for identifying the change from borderline to cancer. In addition, the size of the
tumor was missing, which might affect the level of P-LAP. Furthermore, urine is a more
favorable body fluid for biomarker detection because of its ease of collection, available
volume, and protein profile that is less complex than that of plasma or serum.

To our knowledge, this study is the first to test and identify urine P-LAP activity as a
biomarker for OvCa. The robustness and effectiveness of P-LAP activity as a biomarker
should be assessed in larger validation cohorts in the future.

5. Conclusions

In conclusion, this study found that P-LAP activity may serve as a potential urine
biomarker for detecting OvCa.

Author Contributions: Conceptualization, S.M., K.M., Y.K. and H.K. methodology, T.M.; software,
T.M.; validation, M.Y., T.M. and S.M.; formal analysis, T.M.; investigation, T.M.; resources, K.S.; data
curation, T.M.; writing—original draft preparation, T.M.; writing—review and editing, K.M., Y.K. and
H.K.; visualization, M.Y.; supervision, S.M.; project administration, H.K.; funding acquisition, K.S.
All authors have read and agreed to the published version of the manuscript.



J. Clin. Med. 2022, 11, 222 6 of 7

Funding: This study was supported by the Research Foundation of Showakai, no. 2019.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of Fujita Health University
Bantane Hospital (protocol code HM20-231 and 17 September 2020 of approval).

Informed Consent Statement: Written informed consent was obtained from all individuals whose
urine and blood were collected.

Data Availability Statement: Data are available from the authors upon reasonable request and with
permission by Fujita Health University Bantane Hospital.

Acknowledgments: We express our appreciation to all collaborating institutions that contributed to
the present study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Oya, M.; Wakabayashi, T.; Yoshino, M.; Mizutani, S. Subcellular Distribution and Electrophoretic Behavior of Aminopeptidase in

Human Placenta. Physiol. Chem. Phys. 1976, 8, 327–335.
2. Rogi, T.; Tsujimoto, M.; Nakazato, H.; Mizutani, S.; Tomoda, Y. Human Placental Leucine Aminopeptidase/Oxytocinase. A New

Member of type II Membrane-Spanning Zinc Metallopeptidase Family. J. Biol. Chem. 1996, 271, 56–61. [CrossRef]
3. Mizutani, S.; Matsumoto, K.; Kato, Y.; Mizutani, E.; Mizutani, H.; Iwase, A.; Shibata, K. New Insights into Human Endometrial

Aminopeptidases in Both Implantation and Menstruation. Biochim. Biophys. Acta Proteins Proteomics 2020, 1868, 140332. [CrossRef]
4. Keller, S.R.; Scott, H.M.; Mastick, C.C.; Aebersold, R.; Lienhard, G.E. Cloning and Characterization of a Novel Insulin-Regulated

Membrane Aminopeptidase from Glut4 Vesicles. J. Biol. Chem. 1995, 270, 23612–23618. [CrossRef]
5. Mizutani, S.; Tomoda, Y. Effects of Placental Proteases on Maternal and Fetal Blood Pressure in Normal Pregnancy and Preeclamp-

sia. Am. J. Hypertens. 1996, 9, 591–597. [CrossRef]
6. Mizutani, S.; Naruse, K.; Hattori, A.; Tsujimoto, M.; Kobayashi, H. Physiological and Pathophysiological Roles of Placental

Aminopeptidase in Maternal Sera: Possible Relation to Preeclampsia and Preterm Delivery. Expert Opin. Med. Diagn. 2009, 3,
479–491. [CrossRef] [PubMed]

7. Mizutani, S.; Tsunemi, T.; Mizutani, E.; Hattori, A.; Tsujimoto, M.; Kobayashi, H. New Insights into the Role of Aminopeptidases
in the Treatment for Both Preeclampsia and Preterm Labor. Expert Opin. Investig. Drugs 2013, 22, 1425–1436. [CrossRef] [PubMed]

8. Shibata, K.; Kajiyama, H.; Mizokami, Y.; Ino, K.; Nomura, S.; Mizutani, S.; Terauchi, M.; Kikkawa, F. Placental Leucine
Aminopeptidase (P-LAP) and Glucose Transporter 4 (GLUT4) Expression in Benign, Borderline, and Malignant Ovarian Epithelia.
Gynecol. Oncol. 2005, 98, 11–18. [CrossRef] [PubMed]

9. Sakura, H.; Kobayashi, H.; Tsuruta, S.; Mizutani, S. Oxytocinase-Like Enzyme in an Ovarian Dysgerminoma: A Placenta-Specific
Protein. Biochem. Med. 1985, 34, 195–202. [CrossRef]

10. Kobayashi, H.; Sakura, H.; Kurauchi, O.; Mizutani, S. The Significance of Serum Leucine Aminopeptidase (P-LAP) Determination
in the Gynecological Malignancies. Nihon Sanka Fujinka Gakkai Zasshi 1985, 37, 696–702. [CrossRef]

11. Shibata, K.; Kajiyama, H.; Ino, K.; Nawa, A.; Nomura, S.; Mizutani, S.; Kikkawa, F. P-LAP/IRAP-Induced Cell Proliferation and
Glucose Uptake in Endometrial Carcinoma Cells via Insulin Receptor Signaling. BMC Cancer 2007, 7, 15. [CrossRef] [PubMed]

12. Shibata, K.; Kikkawa, F.; Suzuki, Y.; Mizokami, Y.; Kajiyama, H.; Ino, K.; Nomura, S.; Nagasaka, T.; Mizutani, S. Expression of
Placental Leucine Aminopeptidase Is Associated With a Poor Outcome in Endometrial Endometrioid Adenocarcinoma. Oncology
2004, 66, 288–295. [CrossRef]

13. Nagasaka, T.; Nomura, S.; Okamura, M.; Tsujimoto, M.; Nakazato, H.; Oiso, Y.; Nakashima, N.; Mizutani, S. Immunohisto-
chemical Localization of Placental Leucine Aminopeptidase/Oxytocinase in Normal Human Placental, Fetal and Adult Tissues.
Reprod. Fertil. Dev. 1997, 9, 747–753. [CrossRef] [PubMed]

14. Kobayashi, H.; Nomura, S.; Mitsui, T.; Ito, T.; Kuno, N.; Ohno, Y.; Kadomatsu, K.; Muramatsu, T.; Nagasaka, T.; Mizutani, S.
Tissue Distribution of Placental Leucine Aminopeptidase/Oxytocinase During Mouse Pregnancy. J. Histochem. Cytochem. 2004,
52, 113–121. [CrossRef] [PubMed]

15. Larrinaga, G.; López, J.I.; Casis, L.; Blanco, L.; Gil, J.; Agirregoitia, E.; Varona, A. Cystinyl Aminopeptidase Activity Is Decreased
in Renal Cell Carcinomas. Regul. Pept. 2007, 144, 56–61. [CrossRef] [PubMed]

16. Larrinaga, G.; Blanco, L.; Sanz, B.; Perez, I.; Gil, J.; Unda, M.; Andrés, L.; Casis, L.; López, J.I. The Impact of Peptidase Activity on
Clear Cell Renal Cell Carcinoma Survival. Am. J. Physiol. Ren. Physiol. 2012, 303, F1584–F1591. [CrossRef]

17. Mizutani, S.; Yoshino, M.; Oya, M. Placental and Non-Placental Leucine Aminopeptidases during Normal Pregnancy.
Clin. Biochem. 1976, 9, 16–18. [CrossRef]

18. Grayson, K.; Gregory, E.; Khan, G.; Guinn, B.-A. Urine Biomarkers for the Early Detection of OvCa—Are We There Yet?
Biomark. Cancer 2019, 11, 1179299X19830977. [CrossRef]

19. Fennelly, C.; Amaravadi, R.K. Lysosomal Biology in Cancer. Methods Mol. Biol. 2017, 1594, 293–308.

http://doi.org/10.1074/jbc.271.1.56
http://doi.org/10.1016/j.bbapap.2019.140332
http://doi.org/10.1074/jbc.270.40.23612
http://doi.org/10.1016/0895-7061(96)00016-7
http://doi.org/10.1517/17530050903074556
http://www.ncbi.nlm.nih.gov/pubmed/23495979
http://doi.org/10.1517/13543784.2013.825248
http://www.ncbi.nlm.nih.gov/pubmed/23931642
http://doi.org/10.1016/j.ygyno.2005.03.043
http://www.ncbi.nlm.nih.gov/pubmed/15907336
http://doi.org/10.1016/0006-2944(85)90111-5
http://doi.org/10.2169/naika.74.696
http://doi.org/10.1186/1471-2407-7-15
http://www.ncbi.nlm.nih.gov/pubmed/17233921
http://doi.org/10.1159/000078329
http://doi.org/10.1071/R97055
http://www.ncbi.nlm.nih.gov/pubmed/9733056
http://doi.org/10.1177/002215540405200111
http://www.ncbi.nlm.nih.gov/pubmed/14688222
http://doi.org/10.1016/j.regpep.2007.06.002
http://www.ncbi.nlm.nih.gov/pubmed/17692401
http://doi.org/10.1152/ajprenal.00477.2012
http://doi.org/10.1016/S0009-9120(76)80004-5
http://doi.org/10.1177/1179299X19830977


J. Clin. Med. 2022, 11, 222 7 of 7

20. Kallunki, T.; Olsen, O.D.; Jäättelä, M. Cancer-associated lysosomal changes: Friends or foes? Oncogene 2013, 32, 1995–2004.
[CrossRef]

21. Ito, N.; Nomura, S.; Iwase, A.; Ito, T.; Ino, K.; Nagasaka, T.; Tsujimoto, M.; Kobayashi, M.; Mizutani, S. Ultrastructural Localization
of Aminopeptidase A/Angiotensinase and Placental Leucine Aminopeptidase/Oxytocinase in Chorionic Villi of Human Placenta.
Early Hum. Dev. 2003, 71, 29–37. [CrossRef]

22. Buratta, S.; Tancini, B.; Sagini, K.; Delo, F.; Chiaradia, E.; Urbanelli, L.; Emiliani, C. Lysosomal Exocytosis, Exosome Release and
Secretory Autophagy: The Autophagic- and Endo-Lysosomal Systems Go Extracellular. Int. J. Mol. Sci. 2020, 21, 2576. [CrossRef]

23. Dobrossy, L.; Pavelic, Z.P.; Vaughan, M.; Porter, N.; Bernacki, R.J. Elevation of Lysosomal Enzymes in Primary Lewis Lung Tumor
Correlated With the Initiation of Metastasis. Cancer Res. 1980, 40, 3281–3285.

24. Gal, S.; Gottesman, M.M. The Major Excreted Protein of Transformed Fibroblasts Is an Activable Acid-Protease. J. Biol. Chem.
1986, 261, 1760–1765. [CrossRef]

25. Gal, S.; Gottesman, M.M. The Major Excreted Protein (MEP) of Transformed Mouse Cells and Cathepsin L Have Similar Protease
Specificity. Biochem. Biophys. Res. Commun. 1986, 139, 156–162. [CrossRef]

26. Prence, E.M.; Dong, J.M.; Sahagian, G.G. Modulation of the Transport of a Lysosomal Enzyme by PDGF. J. Cell Biol. 1990, 110,
319–326. [CrossRef]

27. Métayé, T.; Kraimps, J.L.; Goujon, J.M.; Fernandez, B.; Quellard, N.; Ingrand, P.; Barbier, J.; Bégon, F. Expression, Localization,
and Thyrotropin Regulation of Cathepsin D in Human Thyroid Tissues. J. Clin. Endocrinol. Metab. 1997, 82, 3383–3388. [CrossRef]
[PubMed]

28. Pisitkun, T.; Shen, R.F.; Knepper, M.A. Identification and Proteomic Profiling of Exosomes in Human Urine. Proc. Natl. Acad. Sci. USA
2004, 101, 13368–13373. [CrossRef] [PubMed]

http://doi.org/10.1038/onc.2012.292
http://doi.org/10.1016/S0378-3782(02)00112-3
http://doi.org/10.3390/ijms21072576
http://doi.org/10.1016/S0021-9258(17)36004-0
http://doi.org/10.1016/S0006-291X(86)80093-6
http://doi.org/10.1083/jcb.110.2.319
http://doi.org/10.1210/jcem.82.10.4298
http://www.ncbi.nlm.nih.gov/pubmed/9329373
http://doi.org/10.1073/pnas.0403453101
http://www.ncbi.nlm.nih.gov/pubmed/15326289

	Introduction 
	Patients and Methods 
	Results 
	Discussion 
	Conclusions 
	References

