
Endoglin (CD105) as a Urinary and Serum Marker of Prostate
Cancer

Kazutoshi Fujita, Charles M. Ewing, David Y. S. Chan, Leslie A. Mangold, Alan W. Partin,
William B. Isaacs, and Christian P. Pavlovich

Abstract
We have previously shown that endoglin (CD105) is upregulated in prostatic fluid of men with large
volume prostate cancer. We chose to assess endoglin levels in urine and serum from men with prostate
cancer or at increased risk for the disease: Urine samples were collected after DRE from 99 men
whose cancer status was confirmed by biopsy, and serum samples were collected from 20 men
without prostate cancer at low risk for the disease, and from 69 men diagnosed with prostate cancer
that subsequently underwent radical prostatectomy (30 pT2, 39 pT3). Endoglin levels were assessed
by ELISA. Urinary endoglin was elevated in men with biopsy-positive prostate cancer compared to
biopsy-negative men (p=0.0014). Urinary endoglin levels in men with prostate cancer correlated with
radical prostatectomy tumor volume. The area under the receiver-operator characteristics (ROC)
curve was 0.72 for urinary endoglin and 0.50 for serum prostate-specific antigen PSA (sensitivity
for cancer detection 73%, specificity 63%). There were no differences in serum endoglin between
normal and cancer cases, but there were increases in serum endoglin in non-organ confined (NOC,
pT3+) vs. organ-confined (OC, pT2) cases (p=0.0004). The area under the ROC curve was 0.75 for
serum endoglin and 0.63 for PSA for predicting NOC status, with a sensitivity of 67% and a specificity
of 80%. In conclusion, elevations in post-DRE urinary endoglin suggest there may be value in further
studying endoglin as a urinary biomarker of prostate cancer. Endoglin levels in both urine and serum
may aid in prostate cancer detection and prognostication.
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Introduction
Prostate cancer is known to be clinically heterogeneous, with some cases presenting in an
indolent fashion and others widely metastatic at diagnosis. Prostate-specific antigen (PSA),
digital rectal examination (DRE) and biopsy Gleason score are the three clinical tools typically
used to stratify newly diagnosed men into low, intermediate, or high-risk prognostic groups.
1 No other marker in routine use significantly adds to either the diagnostic or prognostic power
of these clinical parameters. Nevertheless, there is a need for additional markers of early or
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Brief statements of novelty and impact: Endoglin is a promising serum biomarker for prostate cancer prognostication; we demonstrate
in this study that it may also have utility as a urinary marker for prostate cancer diagnosis, and confirm its potential as a serum marker
of advanced prostate cancer. Endoglin was significantly increased in urine collected after digital rectal examination from men with
prostate cancer compared to men without it, and serum endoglin was increased in men with stage III compared to stage II disease.
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aggressive/advanced prostate cancer, and the search for these is ongoing and increasingly
technology-driven.2,3, 4

We have previously used a human cytokine array to identify cytokines in expressed prostatic
fluid associated with large volume prostate cancers. We found that a variety of growth factors,
cytokines, and markers of angiogenesis were up-regulated in prostatic fluid from such cases.
5 One of the 20 most-upregulated molecules (see ref. 5 Supplementary material) was endoglin
(CD105), a type I homodimeric integral transmembrane glycoprotein and accessory TGF-β
receptor; another was the endoglin ligand activin-A.6 Given these common pathway findings,
we selected endoglin for further study.

Endoglin is primarily expressed in proliferating vascular endothelial and smooth muscle cells,
and is highly expressed on endothelial cells during tumor angiogenesis and inflammation. It
has weak or negative expression in normal tissues. Endoglin is expressed in prostate
microvasculature in association with prostate cancer, and is increased in the serum of patients
with colorectal, breast and lung cancer metastases.7,8 Immunohistochemical analysis has
shown endoglin to be expressed not only by endothelium associated with prostate cancer, but
also by some prostatic intraepithelial neoplasia (PIN) and prostate cancer epithelial cells and
associated stromal components.9 Recently, soluble endoglin has been shown to be of
independent prognostic value as a serum indicator of prostate cancer metastasis to pelvic lymph
nodes and of biochemical recurrence after prostatectomy.10,11 Whether endoglin may serve
as a marker for prostate cancer in locally-derived tissue (biopsies), or biofluids (expressed
prostatic secretions, post-DRE urine) has been little studied.

We set out to assess whether endoglin levels could predict the presence of prostate cancer and/
or correlate with advanced disease. Since endoglin is a local marker of vascular proliferation
in response to injury and/or angiogenic stimulation, we felt that assessing endoglin levels from
the prostatic microenvironment more directly might have merit: To this effect we assayed urine
samples collected following DRE which is known to be enriched with prostatic secretions,
from patients with and without prostate cancer. In addition, we assessed endoglin in archival
serum samples from men with and without prostate cancer in order to assess its potential as a
cancer biomarker.

Materials and Methods
Sample collection

Urine samples were collected in the Urology Clinic. Approval was obtained from our
Institutional Review Board before initiating the study and all patients provided written
informed consent prior to providing urine samples. Initial voided urine specimens (10 to 100ml)
were prospectively collected from 99 men with known prostate cancer or with an indication
for prostate biopsy, immediately following DRE during a single office visit. In all cases, the
DRE was an approximately 30-second examination involving 3 finger strokes per prostate lobe
and was done either 6 weeks or more after diagnostic biopsy, or just prior to diagnostic biopsy.
In some men a urine sample was also collected prior to DRE. Voided urine specimens were
kept at 4°C for up to 4 hours prior to centrifugation for 10min at 1000g to remove sediments
and then urine supernatants were kept at −80°C until analysis. In addition, 89 archival serum
samples were obtained from our biorepository and linked to information about patient prostate
health status and other relevant demographic and pathologic data.

Enzyme-Linked Immunosorbent Assay
Endoglin levels were measured by enzyme-linked immunosorbent assay (ELISA). A human
Duo set (R&D Systems, Minneapolis, MN)) was used to detect endoglin in urine and serum.
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Briefly, 96-well microplates were coated with capture antibody and incubated overnight. After
the blocking with 10%BSA in PBS for urine and 25% FBS in PBS for serum, samples were
added (100µl/well) in duplicate for incubation for 2 hrs at room temperature. Detection
antibodies were subsequently added (100µl/well)) and incubated for 2 hrs at room temperature.
Incubation with streptavidin-horseradish-peroxidase (for 20 min) was followed by detection
with 3,3V,5,5V-tetramethylbenzidine (TMB) for 20 min. The reaction was stopped by the
addition of 1.5 M H2SO4. Plates were read at 450 nm wavelength on a microplate reader
(PHERA star, BMG Labtech, Durham, NC). All reactions were done at room temperature.
Serum samples were assayed at a 4-fold dilution.

ELISA data from urine samples were normalized by total urinary protein or urinary creatinine
levels as measured by Dade Dimension RxL. Serum ELISA data were not normalized.

These data were analyzed by cancer grade on biopsy (Gleason score 6 vs.≥7) and, for the 36
radical prostatectomy cases, by pathologic stage, pathologic grade (Gleason score 6 vs. ≥7),
and tumor volume (minimal-moderate vs. extensive). After assessing cancer diameters on all
radical prostatectomy sections, specimens with minute foci of cancer with a maximum tumor
area < 15 mm2 were termed “minimal” disease, while specimens with a maximum tumor area
> 80mm2 were termed “extensive” disease; tumors of in-between sizes were termed “moderate”
disease.5

Data Analysis and Statistics
Statistical analyses were done using GraphPad Prizm 4.0 for Windows. Mann-Whitney tests
were used to analyze the difference of 2 categories. Power calculations were performed based
on serum endoglin levels reported in the literature in order to detect a 5ng/ml difference between
cancer and control patients (one standard deviation). 8, 10, 11 With a two-sided alpha = 0.05,
and given a limited number of patients in the control group (20) due to specimen availability,
power was >0.80 to detect a difference between groups. Biochemical and clinical prostate
cancer recurrence data were available for 39 patients with non-organ confined disease. Kaplan-
Meier recurrence curves were generated for cases with low (<median) and high (> median)
serum endoglin levels, and Log-Rank tests were used to analyze the differences. Statistical
significance was defined as a p value < 0.05.

Results
Endoglin Levels in Urine

ELISA was used to quantitate the levels of urinary endoglin in a 99-man cohort of men with
known prostate cancer or at increased risk of prostate cancer. Of these 99 men, 67 had biopsy-
positive prostate cancer (40 were biopsied 6 weeks or more prior to post-DRE urine collection
and 27 were diagnosed after post-DRE urine collection) and 32 were biopsy-negative, for an
overall rate of prostate cancer in this cohort of 67.7%. The men with and without biopsy-
positive prostate cancer were well-matched by age, PSA and DRE findings (Table 1A).
Preliminary experiments demonstrated that endoglin levels were significantly higher in
matched urine samples collected post-DRE compared to pre-DRE (mean endoglin in voided
urine: 27.1pg/ml±16, mean endoglin in post-DRE urine: 68.9pg/ml±39), therefore post-DRE
urine samples were used for all subsequent urinary analyses.

Endoglin levels were significantly higher in the urine of men with prostate cancer than in those
without prostate cancer (Figure 1A). Endoglin levels were normalized both to total urinary
protein (TP) (Figure 1B) and to urinary creatinine (Figure 1C), but remained significantly
elevated in the cancer cases regardless of the method of normalization (though normalization
to total urinary protein was most discriminating). In order to assess whether endoglin levels
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might confer prognostic information in patients diagnosed with prostate cancer, we stratified
those who underwent radical prostatectomy (n=34) by stage (organ-confined (OC, pT2), non-
organ confined (NOC, pT3+)), Gleason score (≤6, ≥7), and tumor volume (minimal-moderate,
extensive). Urinary endoglin levels were significantly higher in cases with high tumor volume
(extensive prostate cancer, mean endoglin level = 9.73pg/µg ±7.35, range 0 – 25.95) compared
to cases with smaller tumor volume (minimal/moderate prostate cancer, mean endoglin level
= 3.25 pg/µg ± 5.05, range 0 – 23.4) p=0.008 (Figure 2). Mean urinary endoglin in men without
prostate cancer was 73.2pg/ml ± 77.0 (range 0 – 274.8), and in those with prostate cancer was
132.4pg/ml ± 121.4 (range 0 – 608.3) (p = 0.0135). Mean endoglin levels normalized by TP
of men without prostate cancer were 5.18 pg/µg ± 6.8 (range 0 – 27.7), and those with prostate
cancer were 13.4 pg/µg ± 14.4 (range 0 – 86.7) (p = 0.0006). Mean endoglin levels normalized
by urinary creatinine of men without prostate cancer were 0.92 pg/ml*dl/mg ±1.17 (range 0 –
4.02), and those with prostate cancer were 1.75 pg/ml* dl/mg ±1.76 (range 0 – 7.78) (p =
0.0077). There were no significant differences in urinary endoglin levels by Gleason score or
cancer stage, nor did men with benign biopsies but high urinary endoglin have an obvious
increase in pre-neoplastic features such as PIN or atypia (data not shown). Urinary endoglin
levels did not correlate with serum PSA or age.

The area under the receiver-operator characteristics (ROC) curve (AUC) for urinary endoglin
was 0.72 (95% CI 0.61 – 0.82), in contrast to an AUC for PSA of 0.50 (95% CI 0.37 – 0.63)
(AUC comparison p<0.01) for cancer in our patient cohort (Figure 3). The sensitivity and
specificity at different endoglin/urinary TP cutoffs are listed on Table 2.

Endoglin Levels in Serum
Serum samples in a separate cohort of 89 patients with and without prostate cancer were also
assessed for endoglin levels by ELISA (Table 1B). There was no overall difference in serum
endoglin levels in men with prostate cancer compared to men without prostate cancer (16.9ng/
ml ± 2.6, range 9.4 – 25.5 vs. 18.1ng/ml ± 2.6, range 13.8 – 21.6, respectively) (Figure 4).
However, among the 69 men with prostate cancer, endoglin levels were significantly higher
in NOC (pT3+) (mean 18.0 ng/ml ± 3.6, range 9.4 – 25.5) vs. OC (pT2) disease (mean 15.4ng/
ml ± 2.3, range 11.5 – 20.2) (p<0.01). The men with prostate cancer were typically older, had
higher PSA, and had more abnormal DRE findings than the men who did not have prostate
cancer (Table 1B), but in separate univariate analyses, no correlation was found between serum
endoglin levels and age or Gleason score. The ROC curve for serum endoglin is compared to
that for PSA to predict pT3+ disease (Figure 5A), with an AUC for endoglin of 0.75 (95% CI
0.63 – 0.87) in contrast to an AUC for PSA of 0.63 (95% CI 0.50 – 0.77) (AUC comparison
p=0.10). The sensitivity was 67% and the specificity was 80% for the prediction of non-organ-
confined disease with a serum endoglin cutoff of 17.0ng/ml.

A subset of patients with NOC disease with (20) and without (19) postoperative PSA recurrence
was compared by preoperative serum endoglin level, and no difference was found (18.6 vs.
17.3 ng/mL). Log Rank analysis for post-prostatectomy biochemical recurrence showed no
significant difference between men in this subset with low versus high endoglin levels (<50%
ile vs. >50%ile endoglin, p = 0.21) (Figure 5B).

Discussion
We hypothesized that biomarkers associated with the development of prostate cancer and/or
of its dedifferentiation can be measured from the prostatic microenvironment. Prostatic stroma
and epithelium are known to be rich sources of cytokines and growth factors involved in the
regulation of prostatic development, hypertrophy, and neoplasia, as well as of inflammation
and local immunity.12 In previous experiments, we assayed prostatic fluid for cancer-
associated proteins: In addition to increased amounts of cytokines such as HGF and IL18
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binding protein-a, we noted increased CD105/endoglin and increased amounts of one of its
ligands (activin-A) in expressed prostatic fluid collected from radical prostatectomy specimens
with large volume cancers.5 In the present study, we show that endoglin is increased in urine
collected after DRE from men with prostate cancer on biopsy compared to men without prostate
cancer, and that post-DRE urinary endoglin levels are predictive of prostate cancer in a cohort
of men at increased risk by PSA and DRE criteria (Figure 3). This is the first assessment of
the ability of endoglin to distinguish between benign and malignant prostate disease. In
addition, endoglin levels measured from serum were predictive of non-organ confined prostate
cancer using an archival set of serum samples from men with and without prostate cancer.

Endoglin was assayed in the urine after DRE in order to directly (but minimally-invasively)
assess its presence in the prostatic microenvironment in vivo. An attentive DRE exerts pressure
on much of the prostate, and at least in theory allows for a sampling of secretions from the
entire gland, unlike a prostate biopsy. It is known that initial voided urine obtained after DRE
is enriched in prostatic proteins.13 We did not specifically assess whether the urinary endoglin
we detected was a result of circulating and filtered endoglin or a result of local prostatic
endoglin. However, given that the assays were performed after prostatic manipulation, that we
have previously found endoglin in expressed prostatic secretions, that only initial urine was
collected as it coursed through the prostate after prostatic examination (“Voided bladder 3”
samples, per Meares-Stamey),13 and that we normalized to total protein in the urine samples
(which mostly comes from prostatic sources after a DRE), we surmise that the endoglin we
assayed was predominantly of prostatic origin. Urine is likely to become an increasingly
powerful source of prostate-specific biomarkers,2,4 but until quantitative detection methods
improve it may be reasonable to sample urine enriched in prostatic secretions rather than urine
that is prostate secretion-poor (such as mid-stream urinalysis).

Serum PSA is an extremely powerful marker of prostatic disease, with tremendous diagnostic
and prognostic utility, but it is not cancer-specific.14 Nevertheless, PSA and its isoforms are
the sole prostatic serum markers in clinical use today, and PSA testing alone has changed the
epidemiology of prostate cancer dramatically since its introduction in the 1980s.15 Our cohort
of men who provided post-DRE urine samples had mean PSA levels between 5 and 5.5 ng/ml
(i.e. elevated), and almost 20% had abnormal DRE findings (Table 1). These men could be
characterized as being at elevated risk for prostate cancer primarily based on PSA criteria. Our
urinary endoglin test demonstrated better performance characteristics than PSA in this cohort
of high-risk men; however, it is unclear how urinary endoglin would perform in a more
generalizable male population, where PSA has significant clinical utility. Another caveat is
that the cohort under study included men with known untreated prostate cancer as well as men
at elevated risk for prostate cancer undergoing biopsy. Our overall cohort was thus weighted
2:1 with men harboring prostate cancer, in contrast to routine clinical settings in which biopsies
yield a 1:2 prostate cancer detection rate. Therefore, while the performance of urinary endoglin
in such a cohort was better than PSA, it remains to be tested in more routine clinical scenarios
and on a larger scale.

We studied endoglin levels from archival serum samples in a separate cohort of men with and
without prostate cancer. We did not find a significant difference in serum endoglin between
men with and without prostate cancer, but a study with greater power might elucidate any
difference that may have been missed. On the other hand, serum endoglin levels in men with
pathologic stage III (NOC) disease were significantly greater than those in men with pathologic
stage II (OC) disease. This statistically significant finding may not easily translate into a
clinically useful pretreatment counseling tool because of the small differences in absolute
levels.
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Endoglin has recently gained attention in prostate cancer prognostication by work from the
group from the University of Texas Southwestern that has had a longstanding interest in TGF-
β related proteins and prostate cancer. They analyzed endoglin levels in archival serum from
a large cohort of prostatectomy patients and showed an independent association between
increased plasma endoglin and the presence of lymph node metastasis and biochemical
recurrence after prostatectomy, suggesting this molecule may be a marker of and/or facilitate
extraprostatic spread.10,11 Interestingly, our two groups have come upon endoglin in distinct
manners, one from scientific analysis of TGF-β related pathways, and the other from cytokine
profiling of prostatic fluid; consistently, both have demonstrated associations between endoglin
and aggressive prostate cancer.

Since endoglin is a marker of pan-endothelial damage and angiogenesis, it is unlikely that
circulating endoglin levels would be significantly affected by localized prostatic disease states
- indeed, serum endoglin levels are affected by cardiovascular disease status, cholesteremia,
and cirrhosis.16,17 However, circulating endoglin is increased in metastatic disease states.8,
10, 11 Presumably, the angiogenic cascade necessary for metastasis is associated with systemic
dysregulation of the TGF-β superfamily that results in an increase in detectable serum endoglin.
Our finding of increased serum endoglin in non-organ confined prostate cancer states is
consistent with the notion of endoglin as a marker of advanced disease and supports the
dramatic associations found between endoglin and metastatic disease by the U.T. Southwestern
group. However, we were unable to show increased endoglin levels in patients with prostate
cancer compared to patients without it. In addition, serum endoglin levels in our study patients
differed from those in the other studies, which were somewhat higher even in localized disease
states (20–40ng/ml).10, 11 Levels in our cohort ranged between 7.5 and 27.5 ng/ml (Figure
4), while in the cardiovascular literature, levels in normal controls and in patients with familial
atherosclerosis and/or in the setting of myocardial infarction average between 3 and 8 ng/ml.
16, 17 There is no standard assay for endoglin, but a variety of kits and antibodies are
commercially available; it is possible that the specific ELISA used may be responsible for the
range of levels reported in these different studies. Alternate explanations are that endoglin
levels in serum and plasma may differ, and that endoglin levels may be affected by time of
archival storage.

Endoglin’s molecular role if any in prostate carcinogenesis and metastasis is unknown.
Endoglin is known to be strongly up-regulated in the endothelium of various tumors compared
with normal tissues, suggesting that endoglin plays a significant role in tumor angiogenesis.
18 Hypoxia transcriptionally induces endoglin expression via HIF-1, expression which is
enhanced in the hypoxic setting by TGF-β.19 In turn, endoglin antagonizes the inhibitory
effects of TGF-β1 on human vascular endothelial cells; indeed normal cellular levels of
endoglin/CD105 are required for the formation of new blood vessels.20 Future work is required
to determine the specific source of the endoglin detectable in the urine of prostate cancer
patients, if it is bioactive, and what are its most important downstream targets with respect to
prostate oncogenesis and prostate cancer progression.

Conclusions
Endoglin is an accessory TGF-β receptor transmembrane glycoprotein associated with
angiogenesis and prostatic neoplasia that is present in prostatic fluid. Urinary levels of endoglin
are increased in men with prostate cancer compared to levels in men without prostate cancer,
and serum endoglin levels appear to correlate with increasing prostate cancer stage. Further
studies are necessary to validate these initial observations.
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Abbreviations
DRE, digital rectal examination; ELISA, enzyme-linked immunosorbent assay; NOC, non-
organ confined; OC, organ-confined; PIN, prostatic intraepithelial neoplasia; PSA, prostate-
specific antigen; ROC, receiver-operator characteristics; TGF, transforming growth factor;
TP, total protein.
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Figure 1.
Urinary endoglin collected after DRE in patients who had either a negative (n=32) or positive
(n=67) biopsy for prostate cancer. A) Urinary endoglin B) Urinary endoglin/Urinary total
protein (TP), C) Urinary endoglin/Urinary creatinine (Cr).
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Figure 2.
Urinary endoglin/Urinary total protein in patients with prostate cancer who subsequently
underwent radical prostatectomy and had tumor volume estimated.
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Figure 3.
Receiver operating characteristic curves of urinary endoglin and serum PSA for the detection
of cancer in our cohort.
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Figure 4.
Serum endoglin levels in patients A) without prostate cancer (Normal, n=20) and with prostate
cancer (Cancer, n=69), and B) with organ-confined prostate cancer (pT2, n=30), and with non-
organ confined prostate cancer (pT3+, n=39).
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Figure 5.
A) ROC curve of serum endoglin and serum PSA for the prediction of non-organ confined
disease in patients with prostate cancer on biopsy. B) Kaplan-Meier recurrence curves for cases
with low (< median) and high (> median) serum endoglin levels for 39 cases with documented
non-organ confined disease.
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Table 2
Urinary endoglin normalized to total urinary protein (TP) as a marker for prostate cancer in men at increased risk for
prostate cancer (abnormal PSA &/or DRE)

Sensitivity Specificity

Urinary Endoglin/TP Cutoff

% 95% CI % 95% CI

14.8 34.3 (23.1 – 46.9) 93.7 (79.1 – 99.2)

8.9 53.7 (41.1 – 66.0) 84.3 (67.2 – 94.7)

4.0 73.1 (60.9 – 83.2) 62.5 (43.6 – 78.9)

3.1 80.6 (69.1 – 89.2) 50.0 (31.8 – 68.1)

1.9 85.0 (74.2 – 92.6) 43.8 (26.3 – 62.3)
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