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Introduction:

Although the development of the PSA test has improved our ability to diagnose prostate
cancer, this has not been accompanied by improvements in prostate cancer prognosis.
The goal of this project is identify molecules that may be useful as predictive markers for
human prostate cancer and to develop these molecules for use in clinically relevant tests
that can predict outcome and disease course in prostate cancer patients. Our approach
has been to identify molecules that are upregulated late in the course of prostate cancer
progression and to then test whether the expression of these markers correlates with
disease outcome in patients. Our initial work has been f“ocused on thymosin B15, a
molecule found in mid-high grade prostate cancers. We have been following two
approaches to develop TB15 testing as a clinically useful approach. The first involves
using immunohistochemistry to assay tissue sections from human prostates for the
presence of TB15 and to then correlate the expression patterns with PSA failure, tumor
recurrence, metastasis or mortality. The second approach has been to attempt to develop
an ELISA test to detect TB1S in the urine or serum of prostate cancer patien;cs in order to
have a non-invasive assay. We have accomplished both of these goals and our early
results do suggest that TB15 may have promise as a marker that can predict later tumor
aggressiveness and metastatic potential. We believe that such a test could eventually be
used to distinguish those patients at low riék of recurrence from those who are at higher
risk. This information could be extremely useful in helping patients and their physicians

to choose between the wide range of treatment options currently available.




Body:

In previous studies, by comparing gene expression among the Dunning R-3327
rat prostatic adenocarcinoma variants (1), we cloned a novel B-thymosin gene, thymosin
B15, which was expressed in highly metastatic variants, but not in poorly metastatic
variant (2). The thymosin B family comprises very small, highly conserved and acidic
proteins existing in many different animal species (3). The most abundant member of the
family, thymosin 4, which was originally isolated from calf thymus and postulated to
play a role in thymic immune development, is present in all mammalian species, and
along with the related family member thymosin B10, is widely distributed in a variety of
cell types. The main function of thymbsins 34 and B10 is to 'bind monomeric actin and to
retard actin polymerization (4)(5). Thymosin B15 also binds monomeric actin and
appears to regulate cell motility as transfection of antisense thymosin $15 into rat

prostatic carcinoma cells can significantly reduce stimulated cell migration (2).

Note: The figures for this progress report are contained in two presentations that are

included in the Appendix and labeled Presentation 1 and Presentation 2.

When we investigated the pattern of expression of TB15 in human prostate cancer
we found that low-grade prostate cancers (Gleason 3-5) generally did not express TB15
whereas high-grade tumors (Gleason 8-10) most often had high TB15 levels. What was
most interesting, however, was that there was no discernable pattern of TB15 expression
in mid-grade tumors. Some were positive for TB15 and some were negative
(Presentatiovn 1, Fig. 4). This raised the prospect that TB15 might represent a predictive

marker in human prostate cancer, i.e., that tumors that expressed TB15 might be more




aggressive than tumors in which TB15 was not expressed. In Task 1 of this proposal, we
further evaluated thymosin B15°s use as a potential biomarker that can function as an
indicator of metastatic progression and disease outcome in human prostate carcinoma

patients by a small-scale retrospective study.

Task 1. Continued Development of Thymosin $15 as a Prognostic Marker in Human
Prostate Cancer.

Goals:
a. Continue to accumulate follow-up data on the original cohort of patients
analyzed for TB15 expression in our initial studies.
b. Collect and stain tissue specimens for a large (>200 patient) retrospective
study correlating TB15 expression with tumor metastasis and patient outcome
(Months 6-24).
Results:

A polyclonal antibody was raised against a peptide representing the 11 C-terminal amino
acids of thymosin B15. Synthesized peptide was coupled with a carrier, keyhole limpet
hemocyanin (KLH), and injected into rabbits. Antiserum was affinity-purified over the
C-terminal peptide coupled CNBr-activated sepharose 4B column. To test the specificity
of the purified antibody, we performed Western analysis of the GST/thymosin B fusion
proteins with the affinity-purified anti C-terminal antibody. The purified antibody
reacted strongly with the GST-thymosin $15 fusion protein, but did not cross react with
GST-thymosin B4, nor with GST alone. Additional antibodies were prepared to the C-
terminal 11 amino acids of TP15 by conjugating the peptide to keyhole limpet
hemocyanin and injecting the conjugate into chickens. These antibodies showed both

high titer and high specificity and did not recognize any other B thymosin isoforms.




We used the affinity purified polyclonal thymosin B15 antibody for immuno-
histochemical study of 150 human prostate carcinoma cases. Positive immunostaining
was observed in the cytoplasm of carcinoma cells in neoplastic prostates but not in
normal prostates and not in the stromal cells. Among the specimens investigated, poorly
differentiated adenocarcinomas with Gleason scores 8-10 displayed the most extensive
and intense thymosin 15 immunoreaction, followed by moderately differentiated
prostate carcinomas with Gleason scores of 6-7 in which some but not all carcinomas
were TB15 positive. In some cases, specimens of PIN showed thymosin P15
immunostaining, but usually to a lesser extent than the malignant lesions. In poorly
differentiated and invasive prostate carcinoma, single cells invading the tissue stroma
displayed intense staining. Well-differentiated carcinomas with Gleason scores generally
showed no thymosin 15 staining or very low levels of staining.

Thymosin $15 staining levels for all prostatic carcinoma specimens are
summarized in Presentation 1, Fig. 4. Specimens were scored as negative if less than
10% of the tumor tissue in each section showed staining of tumor cells, scored as positive
(+) if staining was between 10% and 50%, and strong positive (++) if greater than 50% of
the tumor tissue was stained. The results show a general correlation between thymosin
B15 staining and the Gleason scores. In most cases, high-grade tumors (Gleason scores
8-10) have a higher percentage of positive staining than low-grade (2-5) tumors.
Interestingly, moderately differentiated prostate carcinomas with Gleason scores (6-8)
could be divided into three groups according to the levels of thymosin B15 expression. 17
(32%) out of 54 cases showed no expression of thymosin B15, about 50% of cells in 24
(44%) case's expressed thymosin B15, showing partial positivity, while 13 (24%) cases

showed high levels of thymosin B15 expression (more than 75% cells were positive).




These results suggest that thymosin B15, a potential marker of aggressive prostatic

carcinoma, assorts independently in mid-grade prostatic carcinomas.

To further investigate whether TB15 expression correlated with invasion and/or
metastasis in human prostate cancer, we conducted a study in collaboration with Dr. John
Petros of Emory University Medical School. Tissue samples taken from radical
prostatectomy were analyzed for TB15 staining and the staining level (negative -,
positive +, strongly positive ++) was recorded and then compared with the invasive or
metastatic state of the tumor at the time of prostatectomy. Of the patients with non-
invasive disease, 8 were negative, 2 positive and 1 strongly positive for TB15 expression
as determined by immunohistochemistry. Patients with invasive but non-metastatic
tumors were more generally positive with only 1 of 7 invasive tumors being negative for
TB15, 4 positive and 2 strongly positive (Presentation 1, Fig. 5). Finally, all of the 15
patients with metastatic disease diagnosed at the time of surgery were either positive (7
patients) or strongly positive (8 patients).

The follow-up on 26 of patients is summarized in Presentation 1, Fig. 8. Most
striking is the data for the nine patients who have died of metastatic prostate cancer
(DOD) in the past 3-5 years. Of these, none were negative, one showed positive staining
and 8 displayed strongly positive for thymosin B15 at the time of diagnosis. Of the 15
patients still alive with no evidence of dfsease (NED) 3-5 years following diagnosis, 8
were negative for thymosin 15, three were positive and four were strongly positive for

thymosin BlS staining. Thus, of the patients who have follow-up data, all of those

patients who were negative for thymosin 15 staining at the time of diagnosis are still




alive with no evidence of disease. Because the population is still only shortly removed
from their initial diagnosis, it will be most interesting to monitor whether those patients
with no current recurrence but with extensive thymosin $15 staining are indeed at greater
risk to develop recurrent disease than those with low thymosin 15 staining.

One of the most interesting analyses of this data is shown in Presentation 1, Fig.
7, which examines tumor recurrence as a function of PSA failure in 72 patients. The
reappearance of PSA after removal of the prostate is a clear signal for extraprostatic
growth of the tumor. In this figure, it can be seen that PSA failure occurs in 78% of those
patients with intermediate TB15 staining and 83% of those patients with strong TB15
staining. This relationship is shown as a function of time in Presentation 1, Fig. 6 which
shows an inverse Kaplan-Meier curve of the percentage of TR15 positive and negative
patients who go on to PSA failure over time. It can be seen that by 11 years, all of the
TB15 positive patients have positive PSA levels. In contrast only 25% of the TB15
negative patients experience PSA failure. These data again suggest that TB15 expression
at the time of diagnosis correlates closely with aggressive disease as categorized by

eventual PSA failure.

We have distributed our antibodies to thymosin B15 to other laboratories and one

such group has published the first data on outcomes in prostate cancer patients following::- - - -

analysis of TP15 levels. Chakravarty and colleagues (7) studied 32 patients with
clinically localized, moderately differentiated (Gleason 6/10) prostate cancer treated by
external beam radiotherapy. ~ All patients had clincal stage MO disease at initial

presentation, which was documented by bone scan. Their corresponding biopsy




speciment were stained immunohistochemically for TB15 which was then correlated with
the clinical outcome in a blinded test. The median follow-up was 6 years for all of the
patients (range = 1-19 years). The outcomes of the 2 patients were grouped into three
categories: patients with no evidence of disease (n=11), patients with PSA failure without
documented bone failure (n=11) and patients with PSA failure and documented bone
failure (n=10). TP1S staining intensity strongly correlated with clinical outcome. Of
those patients whose specimens stained 3+, 62% developed bone failure compared with
13% of those patients whose specimens stained 1+ (p=.01). The 5-year freedom from
PSA failure was only 25% for those patients with 3+ staining compared with 83% for
those with 1+ staining (p=.02). The results of this study wére taken to demonstrate that
TP1S staining intensity can identify high and low-risk patients with moderately
differentiated, clinically localized prostate cancer.

Task 2. Development of an assay to detect thymosin 15 in human fluids such as urine or
serum.

Goals:

a. Develop additional antibodies for TB15 (Month 1-6)

o

Develop a sensitive ELISA or sandwich ELISA assay for TB15

c. Determine whether TB15 can be detected in human fluids (Month 6-12)

d. If TBIS is detected in human fluids, attempt to correlate TB15 expression in

patient serum or urine with tumor metastasis and patient outcome (Months 12-30).
It is clear that the utility of the TB15 test would be increased if a non-invasive assay
could be déveloped that could detect TB15 levels in the serum or urine of patients with

prostate cancer. The {3 thymosins are, however, intracellular actin-binding proteins and
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they lack a signal peptide for export making it less likely that they
would be secreted into human body fluids. Interestingly, though,
significant levels of thymosin 7?4 are found in the serum of normal
individuals (6) suggesting that members of the ?-thymosin family may be
released into the circulation. We have therefore attempted to develop
an ELISA for thymosin 7?15 and to use it to detect TB1l5 in the urine of

prostate cancer patients.

Results:

A polyclonal antibody was raised against a peptide representing
the 11 c-terminal amino acids of thymosin ?15. Synthesized peptide was
coupled with a carrier, keyhole Tlimpet hemocyanin (KLH), and injected
into both rabbits and chickens. Antiserum was affinity-purified over
the C-terminal peptide coupled CNBr-activated sepharose 4B column. To
test the specificity of the purified antibody, we performed western
analysis of the GST/thymosin ? fusion proteins with the affinity-
purified anti C-terminal antibody. The purified antibody strongly
reacted with GST-thymosin 7?15 fusion protein, but did not cross react
with GST-thymosin 74, nor with GST alone. Using the chicken anti
thymosin 7?15 antibodies, we have developed an ELISA to TB1l5 that can

detect TB15 at concentrations of 10-20 ng/ml.

The ELISA protocol 1is as follows:

TB15 (20 ng/well in 200 ?1) was adsorbed to Costar high-binding
96 well plates for 2 h at 37C. The wells were then washed with buffer
containing 3 mg/ml BSA and then replaced with 200 ?1 of a solution
containing a 1:2000 dilution of chicken anti-TB15 antibody along with
samples containing urine from prostate cancer patients or from normal
controls that had been pre-incubated overnight at 4C. The plates were
incubated for 1 h at 37C, then washed 3X, incubated for an additional
1 h with rabbit anti-chicken 1gG and finally developed with the

Vectastain ABC reagent. A standard curve from a typical assay is shown

11



in Presentation 2, Fig. la. 1Increasing concentration of TB1l5 added to
the antibody solution results in a progressive decrease in signal with
concentrations from 20 ng/ml - 1250 ng/ml.

our studies have now revealed that TB1l5 can be detected in the
urine of some prostate cancer patients. Figure 1b shows some of the
raw data for a group of 11 prostate cancer patients. We have now
conducted assays on 120 prostate cancer patients. The only criterion
for inclusion in the study was that the patient had been diagnosed as
having prostate cancer and was under active care by a urologist. Time
following diagnosis ranged from days to decades. Positive TB15 values
are ascribed to any patients whose urine TB1S5 level equals or exceeds
40 ng/ml as determined by extrapolation to a standard curve run on the
same day.

As shown 1in Figure 1lc, normal controls are generally negative
with 31 patients negative and only 2 positive. Patients previously
diagnosed with prostate cancer but disease-free at the time of urine
collection were variable in TB15 production with 39 patients positive
and 27 patients negative. Since many of these patients were only
recently diagnosed, some of these individuals may go on to develop
recurrent disease. Of 20 patients who had failed treatment as judged
by increasing PSA levels at the time of urine collection, 18 had
positive levels of TB15 in their urine whereas only 2 were negative.
Finally of three patients who were bone scan positive, 2 were TB15
positive and one was TB15 negative.

wWe are pleased and surprised that we can detect TB15 in the urine
of prostate cancer patients and are currently performing similar
studies on a larger sample of 300 patients whom we intend to folliow for
a five year period. Certainly the trend appears to be that patients

with tumor failure have an increased level of detectable TB15 in their
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urine. We are now trying to duplicate this work using patient plasma as well as urine
samples. Presentation 2, Figure 2 shows that the TB15 ELISA assay can detect TB15 in
human plasma. Figure 2a goes on to show that some prostate cancer patients also have
positive levels of TB15 in their plasma. Most importantly, we wish to follow this current
cohort of patients over time to determine whether newly diagnosed patients who have the
highest circulating TB15 levels will be more likely to develop recurrent disease at some

later time.

Task 3.

Goals:
Develop new antibodies for the collagen-like protein and obtain antibodies for
lipocalin-2 and other potential prognostic markers from investigators (Months 6-
12).
Correlate expression of these additional prognostic markers in human prostate
cancer tissue specimens with tumor metastasis and patient outcome (Months 12-

24).

Develop a sensitive ELISA assay for detection of the collagen-like protein in
patient serum and urine (Months 18-24).

If possible, correlate production of the collagen-like protein in patient serum and
urine with tumor metastasis and patient outcome (Months 24-30).

Results:

An additional member of the thymosin 8 family is upregulated in prostate cancer.

TB16. The principal members of the beta-thymosin family are thymosins B4, B10 and
B15. The molecules differ markedly in their C terminal 6 amino acids but are highly
conserved in the rest of the molecule. Thymosins B4 and B10 are more closely
homologous to each other than to thymosin B15. Recently, a fourth mammalian

thymosin has been described in the EST database as a beta thymosin isoform found in a
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human neuroblastoma. This molecule has been named thymosin NB or thymosin B16
and has been shown to be expressed in human neuroblastoma cell lines. When compared
When compared with the other B-thymosins, thymosin 16 shows closer homology to
thymosin B15 than to either thymosin B4 or B10. We have raised antibodies to full-length
thymosin 16 and show that it cross reacts with thymosin $15 but not with thymosin B4

or 10. In contrast, antibodies to the c-terminal 10 amino acids of thymosin P16
recognize only that isoform and none of the vothers. We have used the c-terminal
antibodies for immunohistochemical staining of human prostate cancer specimens and
showed that the distribution of thymosin f16 is similar but not identical to thymosin 15.
The principal difference is that thymosin 16 is present more frequently and in lower
stage and grade tumors than thymosin $15. One of our principal goals for the future will
be to determine the differences between these two closely related isoforms with regard to
function as well as to their patterns of expression in different human tumors.

We have also made some progress with our studies on a novel collagen-like gene
that is upregulated in certain metastatic prostate cancer cell lines. This molecule has
substantial collagen-like repeats along with novel intervening sequences. We have made
peptide antibodies to this molecule in chickens using methods similar to those described
above for thymosin B15. Using these antibodies in immunohistochemistry on human
prostate cancer sections, we find that the protein encoded by this new collagen-like gene
(CLG) is also upregulated in aggressive prostate cancers.

The CLG protein is detected in predominantly in higher-grade prostate tumors
(Gleason 6 and higher) with the most extensive staining in tumors with Gleason scores of

8 or higher). Further work is being conducted to extend this study and to correlate these
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findings to patient outcome. We will also attempt to develop an ELISA for CLG that can

be used to detect the protein in patient fluids.

Structural characterization of the thymosin 15 gene. We have now performed detailed
sequence analysis of the thymosin B15 gene. The gene appears to exist as a single copy in the rat
genome and is comprised of 3 exons distributed over 3 kilobases. The transcription start site was
defined by primer extension analysis 30 basepairs upstream from the translation start site.
Sequence analysis of the 5’-flanking region upstream of the translation start site revealed
domains associated with promoter activity including a GC box, and SP1 site and an egr site.
Analysis of the transcriptional activity of the 5’-flanking region was carried out using a luciferase
reporter in rat prostate cancer cells. Thymosin B15 seqﬁences fused to the reporter in the
appropriate transcriptional orientation consistently produced a ~50-fold increase in luciferase
activity when compared to a promoterless luciferase control construct. Thymosin $15 sequences
fused in the opposite orientation failed to induce any significant level of reporter activity. This
work has now been published (8) and is included in the appendix.

Potential role of thymosin B15 in angiogenesis. Although we primarily see thymosin

B15 in the prostate carcinoma cells themselves, we also see some staining in the
endothelial cells of small capillaries within the tumors themselves. At first we thought

that this was non-specific staining but reports from the Kleinman lab at the NIH has made

us think that the staining may be real and relevant. That group has shown that another
thymosin family member, thymosin (4, is capable of stimulating endothelial cell
migration in vifro and angiogenesis and wound healing in vivo (9,10). We have
confirmed this function for thymosin B15 and show it be capable of both stimulation of

endothelial cell migration and of stimulating angiogenesis in the mouse cornea. The

15




angiogenic activity of thymosin $15 appears to be equal or better than that of thymosin
4. Because thymosin $15 not a component of the normal vasculature, we speculate that
thymosin B15 is released from tumor cells and is bound and perhaps internalized by
vascular endothelial cells. It is also possible that tumor-derived thymosin B15 potentiates

tumor angiogenesis in tumors that produce this molecule.
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Key Research Accomplishments:

<>
¢

Identified novel potential prognostic markers for human prostate cancer.
Developed specific antibodies for potential prognostic markers.

Showed that thymosin P15 expression correlates with invasiveness and
metastasis in human prostate cancer.

Showed that thymosin B15 expression correlates with patient outcome in human
prostate cancer.

Developed a competitive immunoassay for detection of thymosin 15 in patient
urine. |

Developed a competitive immunoassay for detection thymosin B15 in patient
plasma.

Demonstrated that thymosin 15 was present in the urine of patients with
recurrent prostate cancer.

Showed that a novel -thymosin isoform (thymosin $16) is also upregulated in
human prostate cancer.

Identified a novel collagen-like gene as a potential prognostic marker in human

prostate cancer.
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Reportable Outcomes:

Banyard J, Zetter BR. The role of cell motility in prostate cancer. Cancer Metast.
Reviews 1999; 17:449-458.

Bao L, Loda M, Zetter BR. Thymosin 315 as a prognostic marker for human prostate
cancer. Abstracts of the First International Workshop on Thymosin Peptides. 1999.
Hutchinson LM, Short SM, Becker CM, Bakthavachalam S, Zetter BR. Dual functions

of TR15 in tumor progression: intracellular motility and extracellular angiogenic
function. Abstacts of the Keystone Conference on Cell Migration and Invasion. May
2001.

Zetter BR, Hutchinson LM, Bao L. Thymosin 3 peptides as diagnostic tools in cancer.
Abstacts of the International Conference on Immunology and Immunotherapy. May
2001,

Patents:

5,821,033 Human thymosin 15 gene, protein and uses thereof. 11/3/1998
6,017,717 Human thymosin 315 gene, protein and uses thereof. 11/25/2000
5,858,681 Method for prognosis of prostate cancer. 1/12/1999

6,150,117 Method for diagnosis of cancer. 11/21/2000

Individuals receiving pay from this grant
Bruce R. Zetter Ph.D.
Lere Bao Ph.D.

Christian Becker M.D.
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Conclusions:

- Thymosin 315 is upregulated in malignant human prostate carcinomas but not in benign
tissues.

- Poorly differentiated tumor cells show higher levels of expression of TB15.

- Patients with TB15 positive tumors at the time of diagnosis will likely experience PSA
failure.

- TB15 expression correlates positively with metastatic potential and poor prognosis.

* Thymosin B15 (TB15) is detectable in the urine and the plasma of prostate cancer
patients

- Preliminary data suggests that TB15 concentration in urine samples is correlated to PSA
failure and/or clinical metastatic disease.

- Clinical follow-up data strongly indicate that TB15 could be used as a molecular marker
to predict the outcome of prostate cancer patients.

Future Directions:

- Expand retrospective immunohistochemistry study to include 500-1,000 patients.

- Monitor >300 patients continuously over 5 years to determine whether urinary levels of
thymosin 15 correlate with PSA failure and metastatic disease.

- Investigate the potential of thymosin $16 and the collagen-like gene (CLG) as potential
predictive markers of prostate cancer

19
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Table . Thymosin g15 (TB15) — A new marker for metastatic prostate cancer

Thymosin B15 is a protein that correlates with metastatic progression in human prostate
cancer. We have investigated whether thymosin B15 expression at time of diagnosis
can predict disease outcome. Currently there is no independent marker that can predict
outcome in human prostate cancer. A 5 year longitudinal study has been completed and
the preliminary data has been gathered as summarized below.

o Of 79 patients (Gleason 4-9) with 5 year follow-up after surgery, 59 (75%) had PSA
failure an indicator of tumor recurrence

¢ Tp15 immunohistochemical staining was performed on paraffin sections of tumors
collected immediately after surgery. Staining was determined to be positive or
negative.

PSA failure (an indicator of disease recurrence)

TB15 (test) Failure + Failure - Totals
TB15+ 53 7 60
TB15- 6* 13 19
Totals 59 20 79

Sensitivity: the proportion of subjects with the disease who have a positive test.
In this case, 53/59 (90%) men with recurrent disease had a positive TB15 test at the
time of diagnosis.

Specificity: the proportion of subjects without the disease who test negative.

In this case, 13/20 (65%) men without recurrent disease had a negative test (*see note
below).

Predictive value of a positive test: the probability that a person with a positive test
actually has disease recurrence. Here, of the 60 men who tested positive, 53 have
recurrent disease (88%).

Predictive value of a negative test: the probability of a person with a negative result
does not have disease. Here, 13 of the 19 men with a negative result do not have
disease (68%). However, of the 6 patients who were PSA failure+ and Tg15- (false
negative findings), 4 had positive margins and therefore are likely to have had local
(non-metastatic) recurrence of the tumor. Because TB15 is a predictor of metastatic
potential, there is no expected correlation between local regrowth and TB15 staining.

*When these patients are removed from the study the specificity of the test improves to
13/15 or 87%.

e There is a dramatic need for a good predictive test for likelihood of non-local
recurrence of prostate cancer after surgery or radiation. The initial results from this
retrospective test of patients with 5 year follow-up after treatment for prostate cancer
indicate that thymosin 15 expression at time of diagnosis correlates with later
disease outcome. Patients who have negative thymosin p15 tests at time of
diagnosis may be candidates for watchful waiting. Patients who are thymosin

B15 positive at time of diagnosis are at higher risk for tumor recurrence and may be
candidates for more aggressive therapy.

23




1 UOTIIBIUSSIIJ

€£2-42Z "9} ‘S/SRISEIe dx3 U0 “|equetod

anejseiew Bukiea yum seuy| |80 Jown) u) uojssasdxe
iy uisowAul ‘8661 '\ 4ENOZ PUe W PG 1 'oeg 2
8ZEL-ZTEL T ‘PO eimeN Jeoued ejejsoud

oneIselsw ul pareinBaudn Apirow oo Jown) Jo JojeinBas
{enou € :gid uisowAyy ‘9661 "N'g ‘Jenez pue ‘g ‘aidy
-pueuy "y ‘UEMSIS “V'd ‘Aewuwer ‘W epoT 7 ‘oed ")

‘SHONFUII

“ewourIes

ejeysosd uBWINY U UoiSSAIEXE GLG) 0§
€1ep BUUIEISOUNWILY [BTHU} UM E1ED ([EAAINS
dn-mojjoj Jeak-g [ajulpo jO uopejeLo) g ‘Bid

wsmszon oseng eszenp
oy preq uessnony man oN

08T J0 JeqUINN

sme)g |BAIAING pue Bujuies LAl

‘syuaned Jaoued

sjesoad Jo SN0 BY) 131peId 0} Jexetu
Jejnoajow e se pasn aq pinod GLg] ey
ajeolpu; A6uons elep dn-mojjo} 1BIIND.

*sisouBoud
Jood pue jenuslod oljeISBIeW YIm
AloAnisod $8)2|0.4500 UoiSsaIdxe GL gl

‘ainjiey ysd
gousuadxe A1ei jim sisouBelp jo swn
8y} Je suown} 8ANISod GG 1L UM Slusheds

‘GLEL JO UoISSBIdXa JO sjee) seybiy
MOUYS 5]j80 JOWN) pajeuaIeyip AHoode

‘sanssy

ubjueq uj Jou INQ sewouoed 8ie)soid
uewny yueubllew u) perenBesdn sy GG 1.

‘AMVANNS

-souaunoas jo ebejusassd
461y moys s100Ued Bjejsoud-oamsod GLaL 2 Bid

%eR %8L KEL isouennony
Suums syal
5

edsuaLINoey J8oue) pue Bujuieg S1a1

‘uoissesdxe GLE1 40} Elep Buiujelsounwiuy
TERIVI LM E1EP BUNIE} YSd JO LofieleL0D) § *Bid

sjuened eapeBapN ujBiey 103 aaing eunjjey

“dn-MoJj0} JEBA-G yum
180U Bles0ud UBWNY LI Uoissaldxe §1aL
40} eyep B HLATERLS

NEISEIOWs PUE BAISEAU| JO UOHIEIBL0D § Bid

20883 )0 J0qUINN

1S8ISEI9 pue uoj | Yim uojejaL0d

“%01 ueyy ssef ‘eaneBou 195701 ‘ewed Auapsod

Buwmoys s192 JoWN} 10 %G UBLY SJOW *BANISOd “|ENPIAIPUI
Jusiap e wayj uswioeds B sjuesades joquiAs Yoeg 0L+
40 $8400S UOSESID UM SIeoued g2 pue ejseidiedAy onersasd
uBiueq jo sualueds / JOJ UMOYS aue synsal eyl ¢ Big

gdy |nam
L od ¥
] s s
e o.oout“to-o no“ou 9
BEOBS OB e
$ . . 8
* . [3
] ot
aappod | pued | aansdon
Suyuges 519 visomAyy

Bujujgsountuw) jo Alewwing

‘Bujuiers sjwsetdoiko esusiur moys ewons Bujpeau) sijeo eibuis 'a

‘Buuess 5181 Buons mous sjjeo BLIOUIED 811504d BAISEAU| Pajeluala)p

Apood "0 ‘{eaneBeu ‘moue ebie| leantsod ‘moue |lews) ejejsod eBuis e u)
Buuers moys ojejsoud pejejuateyip

‘g ‘(mowue jlews) Buujers seem smoys ejsejdosu eyeundeenu) opesosd

Ajeuoiseaco ‘(mowe efuer) Buiuiers GLg ), ou moys eyeyyde ongysoid

‘v “Apoqpue epiided (eujuue)-O GLEL-Hue peyund-Ayuye

ue M senss) ewouIed ajeisoid wewny jo Bujugsounww ¢ B4

Ansjweys0)sjyounuwiuy

“uoissaidxe gL gl esusjul

Aeydsip s)je0 Jown; ebujs ozmgc_ ‘g "(moue ofie)) Ewﬁo ou

Ing ‘(moWe [jews) suojse) d pejes
U pessesdxa s YNHW gLAL 'V w&aEmm 180UBD 298& uewny
LTRSS L uahy nys u) 2 'Big

uopezipUGAH nys u)

‘aqaxd YNGO GLEL Wt POZIPUGAY SEM 10q WOULON
“SONSSR 18 [BULOU SNOLEA Ul GLa1 JO Uojssaudx] | Bid

. Il
FEpiEeF
H
uoeZIPUGAH LBYHON SLINSAY
‘gwoano syuened

UM UOISS8IdX® GLE1 JO BJe[a.L0d By} pemoys pue Apoqiiue
SLaL B yum se|dWES Jaoued ejejsoud UBLUNY PBUIRIS B e

.._omeozﬁ_uoammm_m_Eouoamwmz:mm__wo._mocwo
aje)sosd onejsejaw ul peyeinbeudn s (gLg .% S1g uISoWwAL .

“Aqow Buisned jo

PoOUSNI Bl YiM BSOU) WOy BJe)S deSela ey o} ssesboid
™ Siown) esoym sjusiied asoy) ysinbunsip o) juepodu S| s

-gsees|p (eje}

B UBYO S JOOUED 818}saud “IBABMOY ‘OljBISEIEL SBIOSQ )t Jle

“Ajjjepow
10 8ouepIou] Mo] A[SALRE|SS Ypm Jown BuimouB-mojs © si ).

‘uew

ugduewy U Aoueubiew UOWILOD JSOW 8L} St JOJUBD 8JE)SOIds

‘GNNOYUOYOVE

VI ‘uoisog *

148330Z aonig pue ‘ iexdeg uensuyy) ‘ uosujyainy pAol ‘zepo owjssey ‘, oeg eien

100Y9g [EOIPSN PIBAJEH ‘BINIISU] J30UBD Jsque4-eue( ‘ABojouied Jo Juswpedaq ; ‘[eidsoH s uaippyd ‘Aiabing jo uswypedeq,

YIAINVI FLVISOUd NVANH HOd HINUYIN DILSONOOUd V SV Sif NISOWAHL 40 310




7 uoT3jelUSS’aI]

FG1 w4 {mBu) uogesusouo) sial
S —— LR N XN N N XN Bo%o8or oz L
‘RS 120UL) [BUOHEN ‘9661-EL6T “MANAY A i "
sousuEls Jeoue) YHTS '('sP2) Mg sprempy “T n ™ o
321D ‘v 1IN ‘dd Aa3ueH 1D Amsoy ‘DV'T SR T n O
na ~ Al
"8-2ZE1:(Z1)7:030 9661 PO 1N “Jooued n m — = 3
aeysoid onelsieratu wl pajeindaidn Lrnows {39 Jown n IS
30 1018IN3DI [9AOU G B1og UISOWAYL " IoNeZ L 0
‘g ady-pueuy o Hemals ‘vd Astwuef ‘W avoqawq omw sojdwes Juaneq STHL JO soag uopnnq
1SUOEY, 0
i?&m - fso EUSELT JIdUR) J)e)s0ad ugwIny
0, Vhg, .::a gy, ur j0o)} oﬂmcﬁw&_ﬁ B Sse
! #aiveed {wiBu) vonespan0) 191
*Iddue) ejsoad ¢ 5401 05 66 08 26 96 6 96 68 U 4 Womom s on ok K A0S Os[E HGMME y spingy
sE 0 . ! ny ui
uBwiny ul [00) JNSOUSEIP -+ HIHH m HHH = — : ugwIny ul 9[qe3d339P J].
° 5
© S8 9AI9S Afenudjod =3 n (B ILAIL i 8 ~C g *SISB)SB)OUI JO IIeW
. R »
a1 H L] b3 LU
PINOJ ST ©)og UISOWAY [ u _ = « " DN spsougoad sapisod
*aseasIp L " s ! &%o& 0} UMOYS Ud3q sey
d
dnejseloul Ul 10/pue SjualjEd J23087) PIHEs e STELI0 Blas nopma H AI[EIIUIIYD0)STHOUNUIT T
2IN[IE] VS 0) PIE[ILI0D 31815014 JO ULI() Uf G Eag WSOWAY], JO VSTTA QUL VY < I33U®d
s1 sojdues auran uy BSTIEER | Jjeysoad dpeyserout
uone.nuaduod S14.1 ey} ueuny ui parendaadn SI
‘PIEPUE)S € SB PIAIIS HOBNJIP gV WM PRBqnoul-a1d g1g.L IYUAS Jo suopnjiq
sysa33ns gyep %.E:mam_uhnmo ‘uopoeal aseyeydsoyd suredje ue Aq padofAdp U} seAM UOLIEX YT (D] UIIYI-YuE JIqqe.) Amﬁmﬁc ST €pRd :%c&%-—.ﬁ.
‘syuaned 19oued deysoad gV A1epuodds s uoneqnaul £q pamofjoy 313 sdoys Surysey ‘sajerd ayy uo pajeqnoul uayy . %u——ﬂu iout
’ pue uonNIp gV Ue YJis pajeqnoui-oad a1am S[oNuod [euriou g7 pue syudned ppe woy spdureg ¢
Jo vuiserd ay) pue ‘uyoad uoisny STEL-LSO Wim saperd [[om-96 Suneod Aq padojaasp sem VSITH uonnaduiod uy MO A[Ane[RI INg
QULIN YY) UI I[]©BIINIP "ot Juanyedino om) wouy papd|10d AIWOpUEL g ygyEN) PI[OS JO AIUIPIIUL
° ° a1am spuaped 1aoued dgeysoad woay sajdures gwisejd pue JuLln) ‘SIE.L JO SPIOB OUIUE [BUIULI3} * ot
SI AMﬁm—,H.v ST ejod —SmOE%-—H‘o =D 11 2y Suyuasaadaa spidad e ysureSe (uadpdNyd) pasies sem (gv) Apoquue [euopAiiod v umoﬂ—wm—— SBY 120Ue) 2)e)S0.Ad.

:SUOISNOU0)) 'SPOYPRIN TpunoIsydeg

VIN ‘uoisog ‘amrisu] Ie0ue)) 19gie,] eue(y,
VA ‘uolisog ‘[endsol] s usmop) pue weysLg, {UoISnoH ‘I10jus)) I00ue)) U0SIAPUY (N VI ‘Uoisoq ‘[endsoH s UdIp[IyD,
11997 ddnag ‘pyoyueyy diyd
‘AT WAL ;o I ‘IIuoydy J[drue( ¢ uosurydny pAory ¢, ([3uey) Y ‘[ 19)d9g uensLy)

Sjudne g 19oue)) 3)e)soad Jo
BUISB[J pUe JULI() Ul S[ ©)og UISOWAY ], JO Uondddq




Cancer and Metastasis Reviews 17: 449458, 1999,
© 1999 Kluwer Academic Publishers. Printed in the Netherlands.

The role of cell motility in prostate cancer
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Abstract

Cell motility is a critical determinant of prostate cancer metastasis. The current review discusses the role for cell
motility in metastatic dissemination, the evidence that prostate cancer metastasis is dependent on increased cell
motility and describes the molecules whose expression has been shown to correlate with the increased motility that
accompanies prostate cancer progression. These include receptors for growth factors and cytokines that regulate cell
motility as well as intracellular proteins that interact with actin or that regulate signal transduction associated with cell
motility. Motility related modulators include both positive regulators of cell movement that are upregulated during
tumor progression and suppressors of cell movement that are down-regulated during progression. Because altered
expression of such genes may determine the metastatic potential of any particular prostate tumor, we conclude that
the appearance or disappearance of motility-related molecules could be used to aid in the diagnosis and prognosis

of human prostate cancer.

Tumor cell motility is an important step in the pro-
gression of metastasis. Tumor cells migrate from the
primary tumor, intravasate into tumor blood vessels,
extravasate into the secondary tumor site, and migrate
through tissue to establish a secondary metastatic site.
Prostate carcinoma preferentially metastasizes to bone
and once secondary sites are established, the tumor is
aggressive and often associated with a poor progno-
sis. However, many prostate tumors will remain local-
ized and confined to the prostate indefinitely. Currently
there is no means of distinguishing these patients from
those in which the prostate tumor will progress to
metastasis. This is an important clinical problem as
prostate cancer is the second leading cause of can-
cer death among men in the US. Current tests include
prostate serum antigen (PSA), which is a useful deter-
minant of tumor volume but does not reveal metas-
tases or metastatic potential, and histologic grading
by Gleason’s score [1], which is most useful at the
extremes of tumor differentiation. Prediction of the
behavior of clinically localized and moderately dif-
ferentiated prostate tumors remains difficult. As cell
migration is a critical step in the metastatic cascade,
knowledge of the molecules that enhance or suppress
cell motility in prostate cancer cells may lead to new

prognostic molecules, as well as new therapeutic tar-
gets for the prevention and treatment of metastatic
prostate cancer.

A number of studies have demonstrated a strong
correlation between tumor cell motility and metasta-
sis. One of the earliest correlations between cellular
motility and prostate cancer metastasis was made by
Coffey and coworkers in the late 1980’s. They uti-
lized a series of prostate carcinoma cell lines of vary-
ing metastatic potential that had been established [2]
from a spontaneously occurring prostate adenocarci-
noma that had been carried by serial subcutaneous
transfer in rats since 1963 [3]. This Dunning rat R-3327
prostate cancer cell model has been used extensively
to demonstrate the relationship between metastasis and
cell motility. Analysis of these cell lines using time
lapse microscopy demonstrated that motility, quanti-
fied in terms of membrane ruffling, pseudopod exten-
sions and cell translocation, correlates positively with
metastatic potential [4,5], see Table 1. Fourier analysis,
which determines the temporal and spatial changes in
cell contours over time confirmed that cell motility cor-
relates with metastatic potential in these cell lines [6].
The characteristic motility grades of the individual sub-
lines are stably maintained both in vivo and in vitro [7].
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Table 1. Relationship between motility and metastasis in the
Dunning R3327 rat prostate adenocarcinoma cell lines [4-7]

Cell subline Metastatic Motility
potential grade
G low low
H low low
HIF low low
ATI low low
AT2 low low
AT3 high high
PAT?2 high high
AT6 high high
Matlu high high
MATLylLu high high

Growth factor, cytokine and hormonal regulation
of prostate carcinoma cell motility

The prostate tumor cell environment is complex, con-
sisting of surrounding tumor cells, extracellular matrix
and many other cell types, including endothelial cells,
smooth muscle cells, stromal cells and specialized
epithelial cells, such as basal and exocrine secretory
cells and neuroendocrine cells. Each of these cell types
may secrete factors that modulate prostate carcinoma
cell behavior, such as proliferation, differentiation and
motility. Upregulation of growth factor synthesis or
secretion, or altered expression of growth factor recep-
tors on prostate carcinoma cells has the potential to
modulate cell motility. For example, production of epi-
dermal growth factor (EGF) and transforming growth
factor-oc (TGFx) is increased in prostate carcinoma
tissue and cell lines [8], and EGF is a potent chemo-
attractant for several prostate carcinoma cell lines [9].
EGF receptor levels are also increased on prostate car-
cinoma cells [8], and overexpression of wild type EGF
receptor on DU-145 human prostate carcinoma cells
increases cell invasion through Amgel (a human base-
ment membrane matrix) [ 10]. In addition, expression of
a truncated, mitogenically active, but motility deficient
EGF receptor in DU-145 cells inhibits the metastatic
ability of these cells in vivo [11], demonstrating that
motility, not proliferation, is the key event influencing
EGF receptor-induced metastasis. Thus prostate carci-
noma cells may increase their motility when they are
proximal to EGF-secreting cells. Other factors may
also influence EGF or EGF receptor expression. IFN-y
downregulates EGF receptor expression and thereby
decreases invasion of DU-145 prostate carcinoma cells

through Matrigel (a tumor basement membrane matrix)
[12]. Together, these results suggest an important role
for EGF receptors in maintaining the motile phenotype
of metastatic prostate cancer cells.

Autocrine motility factor (AMF), a prostate tumor
cell secreted factor [13], also affects motility of prostate
carcinoma cells. Tumor cell migration in response to
AMF has been associated with metastatic potential.
PC-3M is a highly metastatic subline of the human
prostate carcinoma cell line, PC-3, that was estab-
lished from a human prostate cancer liver metastasis.
PC-3M exhibits a higher response to AMF, in terms
of phagokinetic track motility analysis and acceler-
ated closure of a experimentally wounded cell mono-
layer, than the parental PC-3 cells [14]. The AMF
receptor, gp78, is differentially expressed on the mem-
branes of PC-3 human prostate carcinoma cells and
their highly metastatic subline PC-3M, indicating that
receptor expression may be responsible for the differ-
ential response of these cells to AMF [14].

Additional growth factors also modulate prostate
carcinoma cell motility. These include the transforming
growth factor-3 (TGF(3), which stimulates migration
of MAT-LyLu cells, a highly metastatic subline from
the Dunning Rat R33327 prostate carcinoma model,
across a porous membrane in an uncoated transwell
assay [15]. TGFf may be produced by metastatic
prostate tumor cells, as shown for the highly metastatic
AT3 rat prostate adenocarcinoma cell line [16]. How-
ever, TGFf3 receptors I and Il are downregulated in both
primary prostate carcinoma and metastatic lesions {17],
suggesting that advanced prostate cancer may eventu-
ally show TGFf3 insensitivity.

Prostate carcinoma frequently metastasizes to bone,
a tissue rich in the insulin-like growth factors (IGFs),
IGF-1 and IGF-1I, which are known to stimulate
tumor cell movement. Therefore the effect of IGFs
on prostate carcinoma cell motility may be important
in metastasis. In fact, the chemotactic migration of
prostate carcinoma cells is stimulated by either IGF-1
or IGF-1I [18]. The effect of IGFs on prostate car-
cinoma cells may also be modulated at the receptor
level, as shown for EGF and TGFf, as the insulin-
like growth factor-binding proteins (IGFBPs) are dif-
ferentially expressed in prostate tumors with high and
low Gleason’s scores, indicating changes with dis-
ease progression [19]. In contrast, two bone-associated
growth factors, tumor necrosis factor-o (TNFo) and
interleukin-13 (IL-1{3), decrease human prostate car-
cinoma cell chemotaxis [18] suggesting that the bone



microenvironment contains both positive and negative
modulators of prostate cancer cell motility.

Other cell types present in the prostate tumor envi-
ronment include neuroendocrine cells. These cells
can secrete bombesin, a gastrin-releasing peptide,
which increases migration of PC-3 human prostate
carcinoma cells [20]. Neuroendocrine cell function
includes the secretion of prostatic hormones, which
may also influence tumor motility. For example, cal-
citonin, a hormone involved in calcium regulation
increases the chemotactic migration of LNCaP human
prostate carcinoma cells [21]. Parathyroid hormone
(PTH)-related peptide (PTHrP) is produced by pro-
static neuroendocrine cells, and is overexpressed in
prostate cancer tissue and cell lines [22]. PTH is a
calcium regulating hormone which may be present at
sites of prostate cancer bone metastasis that increases
chemotactic migration of the human prostate car-
cinoma cell lines, DU-145 and PC-3 [21]. These
experiments suggest that prostate cancer cell motil-
ity, and possibly metastasis, could be inhibited by
agents that block calcium transients. An additional hor-
mone secreted by the prostate is the androgen, dihy-
drotestosterone (DHT) which increases translational
motility of LNCaP cells [23]. The hormonal status of
the prostate, which may change with tumor progres-
sion, may thus influence cell motility, suggesting that
hormonal therapy for prostate cancer may modulate
cell motility and metastasis, in addition to affecting
proliferation.

Prostate stromal cells secrete a nerve-growth fac-
tor (NGF)-like protein which stimulates the chemotac-
tic and chemokinetic migration of the human prostate
tumor cell lines, TSU-Prl, PC-3 and DU-145 [24].
NGF stimulates DU-145 human prostate carcinoma
cell invasion into Matrigel [25]. Hepatocyte growth
factor or scatter factor (HGF/SF) is also produced by
fibroblasts, and increases cell scattering and Matrigel
invasion by DU-145 human prostatic carcinoma cells
[26]. These data suggest that the stromal cells surround-
ing the prostate tumor may influence their migratory
behavior.

An additional mechanism of control of prostate
tumor cell migration at the primary site may be
the paracrine secretion of motility inhibiting factors
by tumor cells. For example, the non-motile, non-
metastatic G subline in the Dunning R-3327 rat prostate
adenocarcinoma system secretes proteins capable of
inhibiting motility of the highly motile and metastatic
MAT-LyLu subline [27].
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It is clear that numerous cell types in the prostate
carcinoma environment may secrete factors which can
both stimulate and inhibit motility, directly or via mod-
ulation of tumor cell receptor expression. Control of
these effects may be a mechanism through which tumor
cell dissemination may be reduced or prevented, and
thus may represent potential targets for therapeutic
agents.

Matrix modulation of prostate cancer
cell motility

In addition to growth factor and cytokine mediators,
the surrounding matrix may affect prostate carcinoma
cell motility. Cell adhesion is critical for tumor cells
to migrate, and therefore changes in the extracellu-
lar matrix may be expected to modulate tumor cell
motility. In fact, Matrigel, collagen I and laminin all
increase translational motility of LNCaP cells [23], and
fibronectin stimulates DU-145 prostate carcinoma cell
migration in the Boyden chamber assay [28]. Inter-
estingly, culture of a transformed rat prostate epithe-
lial cell line (NbMC-2) in Matrigel results in altered
morphology and increases chemokinetic migration and
invasive potential [29]. These data indicate that the
extracellular matrix may influence both motility and
metastatic progression of prostatic carcinoma cells.
Cell-matrix interactions are mediated via integrin
receptors, and changes in integrin receptor expression
have been associated with prostate cancer progression.
In prostate tumors, increased «6 integrin expression
correlates positively with the progression of prostate
carcinoma cells to a motile and invasive phenotype.
DU-145 cells selected for high (DU-H) and low (DU-L)
«6 integrin expression, demonstrate similar adhesion,
but the DU-H cells (with 4-fold higher a6 integrin
expression), are 3 times more motile on laminin and are
more invasive in vivo [30]. Integrin receptor olIbp3
may be important in tumor cell dissemination as block-
ing antibodies inhibit prostate carcinoma cell metasta-
sis [31]. Alternative splicing of integrin receptors is an
additional mechanism through which tumor cell inter-
action with the extracellular matrix can be modulated.
Alternative splicing of «IlbP3 can result in a trun-
cated receptor which lacks the transmembrane region
and cytoplasmic tail of the «IIb light chain. This iso-
form is detected in the prostate carcinoma cell lines,
PC-3 and DU- 145, but not in normal prostate epithelial
cells [32]. Loss of expression of the «4 integrin subunit
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also correlates with the capacity of prostate carcinoma
cells to invade through Matrigel [33]. In conclusion,
these data suggest that both the extracellular matrix,
and receptors mediating cell-matrix contact may play
importantroles in the control of prostate carcinoma cell
movement.

Proteases and cell motility

Secretion of proteases by prostate cancer cells, result-
ing in degradation of the extracellular matrix, may
allow cell migration and invasion into tissues at either
the primary site or secondary metastases. The secre-
tion of plasminogen activators (PA), a family of ser-
ine proteases, is associated with metastatic potential
of prostate carcinoma cell lines. A more aggressive,
highly metastatic subline of PC-3 cells, PC-3CALN,
secretes 3.5 times more PA activity than the parental
PC-3 cells, and invades Matrigel to a greater extent
than PC-3 cells. PC-3 metastases also have greater
PA activities than the corresponding primary tumor
[34], supporting a role for PA in metastasis. Expres-
sion of urokinase plasminogen activator (uPA) also
correlates with metastatic potential in the Dunning
R-3327 rat carcinoma model [35]. Additional extracel-
[ular matrix-degrading enzymes, including elastase, a
chymotrypsin-like activity, and prostatic hyaluronidase
are also elevated in highly metastatic prostate carci-
noma cell lines [36,37]. Finally, reduced expression of
matrix metalloproteinase-9 (MMP-9 or Gelatinase B)
decreases prostate carcinoma cell metastasis while not
affecting the growth of the primary tumor [38]. Thus,
increased protease activity in prostate carcinoma cells
may represent an important mechanism through which
cells escape the primary tumor and facilitate increased
motility and metastasis.

Clinical compounds affecting prostate
carcinoma cell motility

A number of clinical compounds affect prostate carci-
noma cell motility. For example, the chemotherapeutic
agent Pentosan inhibits motility of the highly metastatic
Dunning rat carcinoma subline, MAT-LyLu [39]. Pen-
tosan affects cell-matrix interactions and increases
cell ruffling while inhibiting lamellipodal extension
and reducing translational migration. Estramustine,

an estradiol and nor-nitrogen mustard conjugate anti-
microtubule drug, which is used to treat hormone-
refractory advanced prostate cancer, inhibits migration
of DU-145 prostate carcinoma cells from a cell aggre-
gate and inhibits cell invasion of chick heart fragments
[40]. Finally, N-(4-hydroxyphenyl) retinamide (4-HPR
or Fenretinide) inhibits migration of PC-3 and TSU-
Pr1 human prostate carcinoma cells [41]. Inhibition of
cell motility by these clinical compounds may repre-
sent an important mechanism through which they pre-
vent metastasis in vivo.

Genetic markers of prostate carcinoma encode
motility-related proteins

In the past decade, several novel technologies, such as
subtractive hybridization, differential display and, most
recently, gene arrays, have allowed the identification of
several genes whose expression is altered in tumor pro-
gression. When these techniques have been applied to
the study of prostate cancer, they have not only revealed
new metastasis-enhancing and metastasis-suppressing
genes, but they have also strengthened the correlation
between metastasis and motility. In nearly every case,
the molecules that promote prostate cancer metastasis
also promote prostate cancer cell motility. Similarly the
molecules found to suppress prostate cancer, suppress
prostate cancer cell motility, as shown in Table 2. Thus,
it appears that the process of prostate cancer progres-
sion involves the upregulation of motility promoting
genes along with the loss or mutation of motility sup-
pressing genes.

We used differential display to identify a novel gene,
upregulated in highly metastatic Dunning Rat carci-
noma cells. Thymosin 315 (T315) is a 5.3 kDa mem-
ber of the beta-thymosin actin-binding protein family.
It is expressed in human prostate cancer tissue, with
a pattern reflecting increased disease progression as
assessed by Gleason grading but is not detected in nor-
mal prostate epithelium or in other prostate lesions,
such as benign prostate hyperplasia (BPH). We have
shown a direct correlation between prostate carcinoma
cell motility and TP 15 expression. Highly motile and
highly metastatic AT3.1 cells from the Dunning rat car-
cinoma model express high levels of T315, and trans-
fection of antisense TP15 is sufficient to markedly
decrease cell migration [42]. Thus, a molecule that was
identified as being upregulated in metastatic prostate
cancer cells is necessary for the increased motility of

"
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Table 2. Summary of functional effects of factors on prostate cancer cell motility and metastasis

Molecules

Association with or
effect on metastasis

Effect on motility

Growth factors and cytokines EGF 1 t
AMF 0 0
TGFP 0 nd
IGF-I and IGF-1I 1 nd
NGF 4 nd
HGF/SF 1 nd
bombesin t nd
TNFx N nd
IL-13 N nd
Hormones calcitonin t nd
PTH 0 nd
PTHrP nd 0
DHT 0 nd
Membrane receptors o6 1 1
o4 4 nd
«Ib33 1 4
CD44 1 )
E-cadherin nd N
Proteases plasminogen activators 1 4
elastase nd 1
hyaluronidase nd 0
MMP-9 nd 0
Actin-binding proteins TR15 0 0
PTEN ) 1
Tmel nd l
Tumor suppressor genes bel-2 4 4
KAI-1 1 )
Rb ! )
Intracellular signaling proteins  ras 0 1
GAPDH 0 4
PKC-zeta N |

4=increase; | = decrease; nd = not documented.

these cells. The finding that T315 expression corre-
lates with aggressive prostate cancer in humans sug-
gests that it may be useful as a prognostic marker in
human prostate cancer. We are currently developing an
immunoassay that can detect low levels of T315 in the
serum or urine of prostate cancer patients.

Bcl-2 may be an additional positive marker of
prostate carcinoma progression. Expression of bcl-2
in prostate carcinoma correlates with increased recur-
rence of disease [43]. A role for bcl-2 in cancer cell
motility was shown in a breast carcinoma cell line,
where overexpression of bcl-2 increased both migra-
tion and metastasis [44].

In contrast, the tumor suppressor gene PTEN (Phos-
phatase and Tensin homolog deleted on chromosome
10) is deleted in prostate cancer cell lines [45]. PTEN

is a phosphatase with similarity to the cytoskeletal
protein, tensin, which binds to actin at focal adhe-
sions and is phosphorylated upon integrin binding.
PTEN overexpression inhibits fibroblast cell migra-
tion in a wound scrape assay; antisense PTEN expres-
sion stimulated cell migration [46]. The migration
inhibiting activity is mediated by the interaction of
PTEN with focal adhesion kinase (FAK), resulting in
reduced focal adhesion formation and cell spreading
in a phosphatase-dependent manner. FAK overexpres-
sion partially antagonizes the effects of PTEN. Indeed,
FAK is highly expressed in metastatic prostate carci-
noma [47], and studies have demonstrated a role for
FAK in cell migration [48]. Consequently deletion or
mutation of PTEN in tumors should result in increased
tumor cell motility.




454

KAI-1 is an additional tumor suppressor gene iden-
tified in prostate carcinoma. KAI-1 is a 267 amino
acid protein, expressed in normal prostate tissue, but
reduced in the prostate carcinoma cell lines PC-3,
LNCaP, TSU-Prl, DU-145 and AT6.1 [49]. Over-
expression of KAI-1 in AT6.1 cells suppresses lung
metastasis following subcutaneous inoculation, with no
effect on the growth rate of the primary tumor. This sug-
gests that the loss of KAI-1 may play arole in metastatic
prostate cell dissemination, rather than tumor growth,
Like PTEN, KAI-1 is also a suppressor of cell motility
(J. Isaacs, personal communication). Thus, two potent
cancer metastasis suppressors both function to suppress
cell motility. Loss of these genes during prostate can-
cer progression consequently results in a highly motile,
metastatic phenotype.

Loss of the Retinoblastoma (Rb) tumor suppres-
sor gene also correlates with prostate carcinoma pro-
gression [50]. Rb-defective cell lines exhibit increased
migration across Matrigel in a Boyden chamber assay
[51], demonstrating a negative role for Rb in cell motil-
ity, as seen for the metastasis suppressor genes, PTEN
and KAI-1. Because of its role of a suppressor of both
proliferation and migration, Rb may function as both a
tumor growth suppressor and a metastasis suppressor.

CD44 may be an additional tumor suppressor gene
inactivated in prostate cancer. CD44 is a transmem-
brane glycoprotein, involved in cell adhesion by acting
as the receptor for the extracellular matrix molecule,
hyaluronic acid. CD44 can be alternatively spliced
and loss of either the standard or variant isoforms
is associated with prostate cancer progression [52].
Downregulation of CD44 expression also correlates
with metastatic potential in the Dunning rat prostate
carcinoma model, and overexpression in the highly
metastatic AT3.1 cells reduces lung metastasis without
affecting proliferation rate [53]. Similarly, overexpres-
sion of CD44 in PC-3 human prostate carcinoma cells,
which express very low CD44 levels, inhibits metas-
tasis in vivo [54]. Interestingly, inhibition of metas-
tasis by CD44 overexpression was recently shown to
be independent of hyaluronan binding 53], suggesting
that CD44 may mediate an additional function required
in metastasis.

Lastly, decreased expression of E-cadherin, a mem-
ber of the family of epithelial cell-cell calcium-
dependent adhesion molecules, is found in invasive
sublines of the Dunning R-3327 rat prostate adeno-
carcinoma model [55]. Decreased cell-cell contact
with surrounding prostate epithelial cells may facilitate

carcinoma cell dissemination by allowing cells to dis-
aggregate and separate from the primary tumor.

The relationship between cell motility and metastatic
potential has been demonstrated for numerous other
marker genes, including nm?23 [56], TIMP-2 [57], and
MTS-1, a member of the S100 family of Ca®* bind-
ing proteins [58]. A number of tumor markers have
beenidentified in prostate carcinoma, including MTS-1
(CDKN2) [59,60], DCC, APC/MCC, WAFI1/CIP]
[61], and PTI-1 [62], but their role in prostate carci-
noma cell motility has not yet been documented. The
roles of genetic tumor markers in prostate cancer have
been previously reviewed [63,64]. We expect that the
majority of metastasis-related genes will encode pro-
teins that have some influence on tumor cell motility.

Modulation of intracellular function in
prostate cancer

Cell migration depends, in part, on the regulation
of intracellular calcium fluxes. The concentration of
extracellular calcium modulates PC-3 human prostatic
carcinoma cell migration in the Boyden chamber assay,
whereas culturing cells in low calcium decreased inva-
sion across a basement membrane-coated filter. Expo-
sure to higher calcium levels stimulates invasion in
a dose-dependent manner [65]. Several actin-binding
proteins that influence cell movement are sensitive
to local calcium concentrations. For example, human
epithelial tropomyosin (Tmel), a calcium dependent
actin-binding protein, is downregulated in human
prostate carcinoma cells compared to normal prostate
epithelium [66]. Down-regulation of tropomyosin with
increased tumorigenicity indicates that tropomyosin
function may be required for regulation of the actin
cytoskeleton during cell motility.

The control of ionic influx affects cell physiology,
and altered expression of cell surface transporter pro-
teins is associated with progression of tumor cells to a
motile, metastatic state. Metastatic ability has been cor-
related with the expression of sodium channel proteins
in prostate carcinoma cells. Cell transfection of rat pro-
static carcinoma genomic DNA also results in elevated
levels of sodium channel protein expression [67]. These
authors suggest that either intracellular ionic home-
ostasis or membrane electrophysiological changes may
explain the observed effect on cell invasion.

Intracellular signaling molecules mediate the trans-
duction of growth factor and extracellular matrix



signals, and these signals modulate prostate carcinoma
cell motility and metastasis. It is now well established
that deregulation of signaling molecule expression can
affect cell motility. The expression of the small GTPase
p21 ras shows a strong positive correlation with histo-
logic grade in prostate cancer tissues [68], and expres-
sion of v-ras in the poorly motile, poorly metastatic
AT2 Dunning rat prostate carcinoma cell line increases
motility and metastasis [69]. Increased expression of
Ha-ras is also associated with increased metastasis in
one lineage of the Dunning R-3327 rat prostatic carci-
noma model [70].

Expression of the signaling molecule protein kinase
C (PKC)-zeta negatively correlates with prostate can-
cer cell motility. PKC-zeta is downregulated in highly
metastatic Dunning rat carcinoma cell lines. Con-
versely, PKC-zeta overexpression in highly metastatic
MAT-LyLu cells decreases invasion through Matrigel
and the formation of lung metastases in vivo [71],
suggesting that PKC-zeta may represent an impor-
tant intracellular signaling checkpoint in the control of
prostate carcinoma metastasis.

Glyceraldehyde  3-phosphate  dehydrogenase
(GAPDH) expression is positively associated with
increased motility and metastasis in the Dunning rat
prostatic carcinoma model [72]. GAPDH has diverse
biological functions and the mechanism by which
increased expression affects cell motility has not yet
been reported.

The experimental record thus demonstrates that sev-
eral intracellular molecules that are capable of modu-
lating tumor cell motility also influence metastasis. The
loss and acquisition of these motility-related proteins
is a critical determinant of metastatic potential.

Conclusion and therapeutic implications

Tumor cell motility is a critical step during the pro-
gression of tumor cells to the metastatic phenotype.
As we have reviewed, the motility of prostate carci-
noma cells can be influenced by numerous factors in
the tumor environment, including growth factors, hor-
mones and extracellular matrix. Blocking migration
stimuli or delivering motility inhibitors are obvious
steps for possible clinical intervention. For example,
if means could be found to prevent the loss of motil-
ity/metastasis suppressing proteins such as PTEN or
KAI-1, or to prevent the gain of motility/metastasis
enhancing molecules such as thymosin 315, progres-
sion to the metastatic state could be delayed.
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Perhaps the most exciting area of current research
that may lead to new clinical tools and therapeutic
agents is the identification of genes that are differ-
entially expressed with prostate cancer progression.
Expression of molecules that either promote or sup-
press cell motility and metastasis define a specific axis
through which tumor progression might be monitored.
A large proportion of prostate tumors remain local-
ized to the prostate indefinitely and for such patients
‘watchful waiting’ may be more appropriate than rad-
ical prostatectomy and/or radiation therapy. Assays
detecting the presence or absence of genetic markers of
disease progression, such as these motility-modulating
molecules, would provide a means of characterizing
the metastatic potential of the prostate tumor, which
could in turn influence treatment decisions. The ability
to distinguish indolent tumors from aggressive tumors
could have the potential to individualize cancer treat-
ment for each patient.
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MA, USA
?Beth Israel Deaconess Medical Center, West Campus, Harvard Medical School, Boston, MA,
USA

Prostate cancer is the commonest cancer in men and the second leading cause of
cancer death in American men. The widespread use of prostate specific antigen (PSA) test
has greatly improved the earlier detection of human prostate cancers. However, this early
detection does net help much to predict which tumors will progress to the metastatic
diseases. To search for molecules that could be used as pregnostic markers for prostate
cancer, we compared gene expression among Dunning rat prostatic carcinoma cell lines
with varying metastatic potential and cloned a gene called thymosin beta 15 (TB1S5), a new
member of the thymosin beta family, from a metastatic subclone. TB15 was not detected in
most normal adult rat and human tissues, including prostate. /n situ hybridization and
immunohistochemical staining of human prostate specimens showed that both TB15 mRNA -
and protein levels were elevated in invasive and metastatic tumors and correlated positively
with the Gleason grade, a common histological grading system of prostate cancer. Up to 5
years follow-up data from the patients we could obtain showed that all patients who died of
metastatic prostate cancer had positive staining for TB15 at the time of diagnosis. In
contrast, paiients who were negative for TB15 are still alive with no evidence of disease.
These data suggest that TB15 could serve as a molecular marker that is able to distinguish
prostate cancers destined to progress to lethal metastatic disease from those with little
likelihood of causing morbidity.
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Thymosin 8 peptides as diagnostic tools in cancer. Bruce R. Zetter, Lloyd Hutchinson and
Lere Bao. Children’s Hospital, Harvard Medical School, Boston, MA USA.

The B thymosin family consists of at least 17 different members. In any species, several
different B thymosins will be expressed, each independently regulated to appear in different cell
types and at different times in development. Several P thymosins, including thymosin B4, 10,
B15 and BNB have been shown to be upregulated in certain human cancers. We have made
specific C-terminal antibodies that distinguish between thymosins B4, $10, B15, and BNB.
Using prostate cancer as an example, we have shown that thymosins f15 and BNB are elevated
in aggressive human prostate cancer whereas thymosin B4 levels are reduced. Additionally, we
find that the upregulation of thymosin B15 in primary prostate cancer correlates with later
recurrence of the disease and with the formation of distant metastasis. Thymosin 15 is more
likely to be upregulated in invasive and metastatic cancers than in low-grade non-invasive
cancers. Patients who have positive thymosin B15 staining at the time of diagnosis are 7 times
more likely to have tumor recurrence than patients who are thymosin f15-negative. We are
also able to detect thymosin B15 in the urine of patients with prostate cancer. Thymosin f15
levels drop after prostate removal surgery and rise again if there is local or distant recurrence
of tumor growth. Our results therefore indicate that thymosin B 15 is useful both as a marker
for future outcome in patients with newly diagnosed cancer and as a tool for follow-up of
prostate cancer patients to determine if tumor recurrence takes place.




Dual functions for TP15 in tumor progression: intracellular
motility and extracellular angiogenic functions
L. M. Hutchinson, S. M. Short, C. M. Becker, S.Bakthavachalam, and B. Zetter.
Surgical Research Laboratory, Children’s Hospital, Boston, MA 02115

Beta-thymosins are a family of proteins (e.g. TB15), which correlate with
increasing tumor malignancy and metastatic potential. These proteins bind to G-
actin, retard actin polymerization and influence cell motility. T4 also acts as an
extracellular factor, which promotes endothelial cell migration in vitro. We
examined the B-thymosin profile in low and high metastatic variants derived from
the same parent prostate carcinoma cell lines. Northern blot analysis of cells with
increasing metastatic potential revealed changes in the §-thymosin composition
characterized by rising levels of TB10 and TB15 with a simultancous reduction in
TP4. We asked if raising TB15 expression could enhance tumorgenesis,
metastasis, or angiogenesis. Stable populations producing native TB15 (TB15wt)
or a secreted form (secTB15) were created from poorly metastatic variants of the
Dunning carcinoma cell lines, which lack endogenous TB15. Western blot analysis
revealed that both native T15wt and secTP15 proteins were released from cells
into culture medium. Conditions permitting the release of G-actin from cells,
coupled with size-dependent fractionation of conditioned media, showed that
extracellular TB15 disassociated from the G-actin complex. This is consistent with
the hypothesis that TB15 has intracellular and extracellular functions. In vitro
growth rates of TP15wt, secTB15 and vector control cells were nearly identical,
whereas subcutaneous tumors producing TR15 in Dunning rats exhibited a higher
growth rate. After one month, tumors expressing TB15 were 50% larger than the
vector controls, indicating that addition of TB15 accelerates tumor expansion.
TB15 synthesis triggered a dramatic increase in cell motility, boosting serum
response by 3 to 10 fold, relative to vector control. However, changes in cell
motility did not translate into elevated rates of tumor metastasis, suggesting other
factors may be required to alter this process. Further, synthetic protein and natural
forms of TB15 obtained from conditioned medium acted as endothelial
chemoattractants in vitro, yet did not stimulate the migration of human fibroblasts
or smooth muscle cells. Together these results confirm that TB15 is advantageous
to tumor cells and points to a dual role in tumor progression: intraceliutar motility
protein and extracellular angiogenic factor.
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THYMOSIN BETA-15 PREDICTS FOR DISTANT FAILURE IN
PATIENTS WITH CLINICALLY LOCALIZED PROSTATE
CANCER—RESULTS FROM A PILOT STUDY

ARNAB CHAKRAVARTI, ELIZABETH M. ZEHR, ANTHONY L. ZIETMAN, WILLIAM U. SHIPLEY,
WILLIAM B. GOGGINS, DIANNE M. FINKELSTEIN, ROBERT H. YOUNG, ERIC L. CHANG, Anp
CHIN-LEE WU

ABSTRACT
Objectives. To report the results of a pilot study on the prognostic value of a newly identified actin-binding
protein, thymosin beta-15 (TB15), in predicting prostate-specific antigen (PSA) and bone failure in patients
with Gleason 6/10 clinically localized prostate cancer.
Methods. Thirty-two patients {median age 70 years) with clinically localized, moderately differentiated
(Gleason 6/10) prostate cancer treated by external beam radiotherapy alone (68.4 Gy) with available
paraffin blocks at the Massachusetts General Hospital were evaluated for this pilot study. All patients had
clinical Stage MO disease at initial presentation, which was documented by bone scan (T1c¢-4,NX). Their
corresponding biopsy specimens were stained immunohistochemically for T815, which was then correlated
with the clinical outcome in a blinded manner. The median follow-up was 6 years (range-1 to 19) for all of the
patients.
Results. The outcomes of the 32 patients can be grouped into three categories: patients with no evidence
of disease (n = 11), patients with PSA failure without documented bone failure (n = 11), and patients with
PSA failure and documented bone failure (n = 10). TB15 staining intensity strongly correlated with clinical
outcome. Of those patients whose specimens stained 3+ (strongest staining), 62% developed bone failure
compared with 13% of those patients whose specimens stained 1+ (weakest staining) (P = 0.01). The 5-year
freedom from PSA failure was only 25% for those patients with 3+ staining compared with 83% for those
with 1+ staining (P = 0.02).
Conclusions. The results of this pilot study have demonstrated that T815 staining intensity may be a
potentially important marker to identify high-risk patients with moderately differentiated, clinically localized

RAPID COMMUNICATION

prostate cancer. UROLOGY 55: 635-638, 2000. © 2000, Elsevier Science Inc.

D espite aggressive radiotherapy, it is known
that a substantial percentage of patients with
clinical Stage MO prostate cancer will have progres-
sion with distant metastases at 15 years.!-> Many of
these patients probably had occult micrometastatic
disease at presentation. From a therapeutic stand-
point, it is important at the time of the initial diag-
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nosis to identify patients who are at high risk of
harboring micrometastatic disease because sys-
temic therapy has potential value in eradicating
micrometastatic disease.6~8

Gleason grade in its extremes does predict for
distant metastases, but up to 80% of patients at
their initial presentation have moderately differen-
tiated tumors, which highlights the need for other
prognostic markers in this group of patients. Cell
motility is known to underlie many of the steps
involved in the metastatic cascade. Bao et al.® have
identified an actin-binding protein, thymosin be-
ta-15 (TB15), as a potentially important marker for
prostate cancer cells with high metastatic potential
by enhancing cell motility.

A direct correlation between an increasing Glea-
son grade and positivity of staining has been re-
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ported.® Interestingly, for patients with moderately
differentiated tumors (Gleason 6-7), a wide range
of staining intensities was observed, with speci-
mens staining strongly, weakly, or not at all. This
raises the possibility that TB15 staining can iden-
tify which patients with moderately differentiated
tumors are at greatest risk of harboring micrometa-
static disease and, hence, at greatest risk of subse-
quent development of biochemical and/or clini-
cally evident bone failure. As the vast majority of
patients at initial presentation have moderately dif-
ferentiated tumors, this is a clinically important
question.

This is the first reported clinical study to our
knowledge to determine, in a blinded manner,
whether TB15 staining of the initial biopsy speci-
men predicts for the subsequent development of
biochemical and/or bone failure for patients with
moderately differentiated prostate cancers who
had clinical Stage MO disease at the initial presen-
tation. This study was designed to be a pilot study
consisting of a relatively modest number of pa-
tients, which would lead to a larger scale multi-
institutional study if a positive correlation were
found.

MATERIAL AND METHODS

Three hundred patients with moderately differentiated
prostate adenocarcinoma (Gleason grade 3 of 5 and score 6 of
10) treated by external beam radiation and with up-to-date
follow-up data were identified from the Massachusetts Gen-
eral Hospital Radiation Oncology prostate cancer data base.
Thirty-two of these patients had available paraffin blocks from
the initial biopsy at Massachusetts General Hospital for anal-
ysis. The clinical staging was determined using the AJCC cri-
teria, and all patients had Stage MO disease at the initial pre-
sentation, as confirmed by bone scan. The distribution of
patients by clinical T stage was as follows: Tlc, 3; T2a, 2; T2b,
11; T3, 13; T4, 2; and TX, 1. The median pretreatment pros-
tate-specific antigen (PSA) level was 7.1 ng/mL (range 1.0 to
49.9). The median age for all patients was 70 years (range 63 to
86). The median follow-up was 6 years (range 1 to 19). The
patients were treated with external beam irradiation alone to a
total dose of 68.4 Gy using high-energy photon irradiation. No
systemic therapy, hormonal or chemotherapy, was rendered
to these patients.

The corresponding tissue specimens from the initial biopsy

(before treatment) were obtained for all 32 patients. All spec-

imens were fixed in formalin and embedded in paraffin. On
review by light microscope, all residual tissue contained mod-
erately differentiated adenocarcinoma, Gleason score 6/10.
Immunohistochemical staining was performed as previously
described by the use of avidin-biotin-conjugated peroxidase
complex technique (Vector Laboratories, Burlingame, Calif).
TB15 antibody was a generous gift from L. Bao and B. Zetter
(Children’s Hospital, Boston, Mass). Sections without primary
antibody or sections with benign prostatic tissue were used as
negative controls. Staining and interpretation of staining were
done without knowledge of the clinical outcome.

RESULTS

The outcomes of these 32 patients can be
grouped into three categories: patients with no ev-

636

idence of disease (n = 11), patients with PSA fail-
ure without documented bone failure (n = 11),
and patients with PSA failure and documented
bone failure (n = 10). PSA failure was defined as
three consecutive post-treatment rises. Bone fail-
ure, when present, was documented by bone scan.
Of the 11 patients with PSA failure without bony
metastases, 5 had received hormonal therapy at the
time of the initial PSA failure. Of the 10 patients
with PSA failure and documented bone failure,
only 1 had received hormonal therapy when the
PSA elevation was first detected. Therefore, hor-
monal therapy likely delayed the appearance of
distant metastases in these 5 patients with PSA el-
evation without evident bony metastases.

Normal prostatic acinar epithelium and benign
hyperplastic epithelium stained negatively for
TB15 (Fig. 1A), confirming the observation made
by Bao et al.? Interestingly, endothelial cells within
the biopsy specimens stained with moderate inten-
sity for TB15, which was comparable in all speci-
mens. However, the invariability of the presence of
blood vessels in the tissue and the consistent endo-
thelial staining with TB15 antibody prompted us to
use endothelial staining as a reliable positive inter-
nal control and a reference pointfor scoring tumor
cell staining. When most of the tumor cells (greater
than 70%) stained with lower intensity than the
endothelial cells, the specimen was graded nega-
tive/weakly positive (1+) (Fig. 1B). When most of
the tumor cells (greater than 70%) stained with
equivalent intensity to the endothelial cells or had
a mixed staining pattern, the specimen was scored
as moderate staining (2+) (Fig. 1C). When most of
the tumor cells (greater than 70%) stained more
intensely than the endothelial cells, the specimen
was graded as strongly positive (3+) (Fig. 1D).

A TB15 stain of 3+ strongly predicted the sub-
sequent development of PSA failure with bony me-
tastases. For all 32 patients, 8 (62%) of the 13 pa-
tients with 3+ staining developed bony metastasis
compared with only 1 (13%) of 8 patients with 1+
staining and 1 (14%) of 7 patients with 2+ staining
(P = 0.01 by exact trend test).

At 5 years of follow-up, a TB15 staining score of
3+ strongly predicted for PSA failure. For all 25
patients followed up for more than 5 years, the
5-year actuarial biochemical control rate was 44%.
ForaTB15stainof 1+, 2+, or 3+, the correspond-
ing 5-year actuarial biochemical control rate was
83% (n = 6), 43% (n = 7), and 25% (n = 12),
respectively (P = 0.02 by exact trend test). At 5
years, the positive predictive value for a TB15 stain
score of 3+ was 86% (with biochemical failure as
the end point). The negative predictive value for a
TB15 stain score of 1+ was 71% (with freedom
from biochemical failure as the end point).

To control for confounding by other predictors of
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FIGURE 1. Immunohistochemical staining of TB15 on prostatic tissue. Affinity purified anti-TB15 antibody was used
to stain (A} benign prostatic tissue and (B to D} Gleason grade 3/5 prostate adenocarcinoma. (A) Benign glandular
cells (arrows) did not stain. In contrast, vascular endothelial cells (arrowheads) between the acini showed positive
staining. (B) Acinar tumor cells (arrows) showed only weak focal staining and the endothelial cells (arrowheads)
stained positively, indicating a true negative result. (C) Tumor cells (arrows) and endothelial cells (arrowheads)
showed roughly equal staining intensity. (D) Tumor cells (arrows) show diffuse stronger staining compared with the

endothelial cells {arrowheads).

failure, a multiple logistic regression model was fit to
the data. Other covariates that were simultaneously
putin the model were T stage, pretreatment PSA, age,
and the subsequent development of local failure. The
subsequent development of local failure (P = 0.34)
and PSA (P = 0.59) were not significant predictors
and were dropped from the final model. The final
model included age (P = 0.18), T stage (P = 0:08),
and staining intensity (P = 0.05). This analysis re-
veals that TB15 staining predicted for PSA failure in-
dependent of the other factors. The adjusted odds
ratio for staining was 4.35, with a 95% confidence
interval of 1.01 to 18.86. Thus, for each unit increase
in staining value (from 1 to 2 or 2 to 3), the odds of
developing biochemical failure increase by an esti-
mated factor of 4.35.

COMMENT

Metastases can occur quite early in the course of
human prostate cancer. A recent study revealed
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that more than one half of patients with patholog-
ically organ-confined disease had positive bone
marrow specimens by reverse transcriptase-poly-
merase chain reaction analysis.!? These data, along
with clinical observations, support the hypothesis
that early dissemination of prostate cancer may oc-
cur despite local control of the disease.

Given the magnitude of this problem, molecular
markers have been sought to identify high-risk pa-
tients. Low expression of cell cycle regulatory pro-
teins such as p53, pRB, and p27 and high expres-
sion of Ki-67 have been found to predict an
unfavorable outcome in patients with prostate can-
cer.!-13 It has been demonstrated that time-lapse
videomicroscopic images can distinguish high
from low metastatic potential cell lines when mem-
brane ruffling, pseudopodal extension, and cellu-
lar translations of single cells are analyzed.'*
Hence, enhanced cell motility, perhaps T15-de-
pendent, underlies the metastatic process.
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TB15 mRNA is absent in most normal tissues,
with the exception of the testes.!> Other tumor cell
lines, including highly metastatic prostate, lung,
breast, and melanoma cell lines, strongly express
TB15. Corresponding cell lines with low meta-
static potential have low levels or absent TB15
staining.

The wide range of TPB15 staining intensities
among cases of moderately differentiated tumors
raised the question of whether TB15 staining can
effectively discriminate between moderately differ-
entiated tumors that are at high risk of harboring
occult metastases from those at lower risk. The
results from the 32 patients in this study with Glea-
son score 6/10 tumors reveal that at 5 years of fol-
low-up, a TB15 stain of 3+ has a high positive
predictive value (86%) for the subsequent develop-
ment of PSA failure. Likewise, at 5 years, a TB15
stain of 1+ has a high negative predictive value
(71%), with freedom from PSA failure as the end
point.

The results of this pilot study suggest that TB15
staining of the initial biopsy specimens from pa-
tients with Stage MO moderately differentiated
prostate adenocarcinoma has strong predictive
value for the subsequent development of biochem-
ical and clinically evident bone failure. Further in-
vestigations on a larger patient population are
planned.
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