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BACKGROUND. Diminished expression of Raf kinase inhibitor protein (RKIP), an inhibitor of
the Raf signaling cascade, promotes prostate cancer (PCa) metastasis in a murine model,
suggesting that it is a metastasis suppressor gene. However, the prognostic significance of RKIP
expression and its association with metastasis in PCa patients is unknown.
METHODS. To investigate RKIP protein expression is a prognostic marker in PCa we
performed immunohistochemical staining for RKIP expression in tissue microarrays consisting
of 758 non-neoplastic prostate tissues, primary tumors and metastases from 134 PCa patients.
The Cox proportional-hazards model was used to adjust for covariates including Gleason score,
tumor volume, tumor weight, clinical stage, digital rectal exam findings, serum PSA level and
surgical margins.
RESULTS. RKIP expression was low in approximately 5%, 48%, and 89%of non-neoplastic
prostate, primary tumors and metastases, respectively. Low RKIP expression in primary tumors
was a strong positive predictive factor for PCa recurrence based on PSA levels. In patients
whose primary tumors expressed high RKIP levels, the 7-year PSA recurrence rate was <10%;
whereas in patients with tumors with low RKIP expression the recurrence rate was 50%
(P < 0.001). Multivariate analysis revealed RKIP was an independent prognostic factor
(P < 0.001).
CONCLUSION. In contrast to increased expression of pro-tumorigenic genes, these results
demonstrate decreased protein expression of a gene, for example, RKIP, can serve as a
prognostic marker in PCa patients. Prostate 66: 248–256, 2006. # 2005 Wiley-Liss, Inc.
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INTRODUCTION
Prostate cancer (PCa) metastases are the leading
cause of cancer-related death among American men [1].
A major challenge of treating PCa lies in accurately
distinguishing those histologically localized cancers,
which will undergo metastasis from those that will
remain indolent. Although there are abundant clinicopathological data regarding PCa, these data are
deficient in their utility to help predict the likelihood
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of cancer recurrence as evidenced by the observation
that 20%–30% of resected PCas recur although they are
theoretically curable based on prognostic factors [2,3].
The heterogeneity of CaP and its variable response to
treatment account for the dearth of prognostic markers
that can distinguish between tumors with high versus
low recurrence potential [4]. In order to improve the
ability to accurately predict which patients have the
greatest risk for developing aggressive PCa, the search
for new biochemical markers that are capable of
predicting PCa prognosis and, thus offer the opportunity to provide optimal care for each PCa patient is of
great demand.
In a search for genes that regulate the metastatic
process in PCa, we performed gene array analysis
between non-metastatic and metastatic PCa cell lines.
This analysis revealed that Raf kinase inhibitor protein
(RKIP) expression was decreased in the metastatic
compared to non-metastatic cell line [5]. RKIP is a
soluble 23-kDa basic cytosolic protein that was initially
characterized as phosphatidylethanolamine-binding
protein (PEBP) [6,7]. RKIP suppresses mitogenactivated protein kinase signaling by binding to Raf-1
and disrupting the physical interaction between Raf-1
and MEK [8]. In addition to its inhibition of Raf-1mediated activity, RKIP inhibits activation of both
the transcription factor nuclear factor kappa B (NF-kB)
[9] and G-coupled protein kinase 3 [10]. We previously demonstrated that RKIP fits the criteria of a
PCa metastasis suppressor gene (MSG) including the
ability to inhibit metastasis without an effect on
primary tumor growth in a murine model [11]. Taken
together, these observations suggest that RKIP has
potential as a molecular determinant of PCa progression and metastasis and thus provide a prognostic
value in PCa.
In this study, we utilized tissue microarrays to
evaluate the expression of RKIP protein in a wide
spectrum of prostate tissues in order to determine
comprehensively the extent and patterns of its expression in situ. In addition, with the aid of welldocumented clinical information for those patients we
evaluated the prognostic value of RKIP in PCa.
MATERIALS AND METHODS
Microarray Analysis From
Meta-Analysis of Oncomine Database
The expression RKIP transcript in cancer tissues was
obtained from meta-analysis of our recently established cancer gene microarray meta-analysis public
database [12]. The normalized expression unit for RKIP
transcript was exported and subjected to statistical
analysis as previously described [12].
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Case Selection and Tissue Microarrays
Cases of clinically localized PCa were identified
from a radical prostatectomy series at the University of
Michigan and cases with PCa metastases were obtained
from a Rapid Autopsy Program through the Michigan
Prostate SPORE Tissue Core (Table I). The autopsy
protocol and initial characterization of these cases have
recently reported [13]. Briefly, all the patients had welldocumented metastatic PCa. Autopsies were performed within 4–6 hr of the patient’s death. Autopsy
revealed widespread PCa involving multiple sites. No
other primary malignancy was found. All tissue
procurement and analysis in this study was approved
by Institutional Review Board approval to procure and
analyze the tissues used. Standard demographic and
treatment history parameters were recorded.
To study the expression of RKIP in PCa, we used two
tissue microarrays (TMAs) that consisted of a total of
758 evaluable samples of non-neoplastic prostate
(n ¼ 57), localized PCa (n ¼ 79) and metastatic, hormone-refractory PCa (n ¼ 55). All 79 patients with
localized PCa underwent prostatectomy to treat their
localized disease. Gleason scores were 5 in 3 cases, 6 in
28 cases, 7 in 45 cases, and 8 in 3 cases. The metastatic
TMAs included PCa metastatic to the liver, lung, bone,
lymph node, brain, adrenal, and soft tissue. At least six
0.6-mm cores were taken from each sample. Highdensity TMAs were assembled as previously described
[14,15]. Initial sections were stained for hematoxylin
and eosin to verify histology. The histological grade
was assessed using the Gleason grading system according to previously described methods [16]. Clinical and
pathological variables were determined following
well-established criteria and maintained in a secure
relational database as previously described [17].
Immunohistochemistry and Evaluation
Standard avidin-biotin complex immunohistochemistry (IHC) was used. Briefly, antigen retrieval was
performed by steaming the slides for 15 min in 10 mM
sodium citrate buffer, pH 6.0, in a microwave oven. The
slides were then incubated sequentially with primary
antibody, biotinylated secondary antibody, avidinbiotin complex, and chromogenic substrate 3, 30 diaminobenzidine. RKIP protein was detected using a
rabbit polyclonal anti-RKIP antibody (1:600 dilution,
Upstate Biotechnology, Lake Placid, NY). RKIP staining intensity was independently scored by two
genitourinary pathologists blinded to Gleason score,
tumor size, and clinical outcome. The staining was
scored as previously described [11,14]. Briefly, immunostaining intensity was scored by a genito-urinary
pathologist as negative [1], weak [2], moderate [3], or
strong [4] based on the amount of stain detected. The
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TABLE I. Clinical Characteristics of 79 Patients Whose Resected Prostate Cancers Were Evlauted for RKIP Expressiona
Characteristic

Total

Age (year)
Race
Caucasian
African-American
Other
Length of follow-up (month)
Pre-prostatectomy PSA (ng/mL )
Maximum tumor diameter (cm)
Gland weight (g)
Gleason score—no. (%)
5
6
7
8
DRE
Negative—no. (%)
Positive—no. (%)
Pathologic stage—no. (%)
pT2
pT3
Surgical margin status
Negative—no. (%)
Positive—no. (%)
PSA-defined recurrence
No—no. (%)
Yes—no. (%)

60.3  7.7

RKIP moderate/high

RKIP negative/low

P-value

60.2  7.4

60.4  8.0

0.91c

27 (66)
9 (22)
5 (12)
59.9  22.0
8.7  7.7
1.6  0.7
53.7  19.3

25 (66)
10 (26)
3 (8)
39.3  30.9
9.3  9.9
1.5  0.6
49.8  13

0.77d

b

52 (66)
19 (24)
8 (10)
50.0  28.5
9.0  8.8
1.6  0.7
51.8  16.6

0.0009a
0.76a
0.40a
0.29a

(3)
(24)
(71)
(3)

0.08e

27 (66)
14 (34)

22 (28)
16 (42)

0.47d

60 (76)
19 (24)

35 (85)
6 (15)

25 (66)
13 (34)

0.04d

53 (67)
26 (33)

31 (76)
10 (24)

22 (58)
16 (42)

0.09d

58 (73)
21 (27)

36 (88)
5 (12)

22 (58)
16 (42)

0.003d

3 (4)
28 (35)
45 (57)
3 (4)

2
19
18
2

49 (62)
30 (38)

(5)
(46)
(44)
(5)

1
9
27
1

a

Cases were accrued from the years 1995–2001.
Data are presented as mean  SD.
c
The P-value was calculated by Wilcoxon’s rank-sum test for the comparison of the RKIP moderate/high group with the RKIP negative/
low group.
d
The P-value was calculated by the Student’s t-test for the comparison of the RKIP moderate/high group with the RKIP negative/
low group.
e
The P-value was calculated by the Fisher’s exact test for the comparison of the RKIP moderate/high group with the RKIP negative/
low group.
PSA, prostate specific antigen; DRE, digital rectal examination.
b

pathologist evaluated the spectrum of staining intensity in all the samples and then arbitrarily categorizes
the staining intensity into the various scores based on
the overall staining. The pathologist was blinded to
Gleason score, tumor size, or clinical outcome. On
average, four tissue cores were evaluated from each
case and the median value of all measurements from a
single case was used as the final score for subsequent
analysis. A total of 758 samples from non-neoplastic
tissue (n ¼ 57), localized PCa (n ¼ 79), and metastatic
PCa (n ¼ 55) were examined.
Statistical Analysis
For analysis of gene microarray data, Student’s
t-test was used for pair-wise comparison of RKIP
transcript among benign prostate, localized PCa

and metastatic PCa samples as previously described
[18].
For statistical evaluation of immunohistochemistry
staining, RKIP staining was dichotomized into high
(Median RKIP staining 3) and low (median 2)
categories. The Mantel–Haenszel chi-square test was
applied to compare the RKIP staining in non-neoplastic
prostate, PCa, and metastases. This was followed by
chi-square test for post-hoc analysis. A P-value of <0.05
was considered significant. PSA recurrence was calculated from the date of surgical excision of the primary
tumor to the date of recurrence or the end of follow-up.
Kaplan–Meier analysis and Cox regression models
were applied to evaluate the predictive values of RKIP
and clinical parameters in differentiating recurrence
outcome. Statistical significance in the Cox models was
determined by the log-rank test.
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RESULTS
Analysis of gene expression data sets from our
recently established cancer gene microarray metaanalysis public database [12] demonstrated decreased
RKIP expression with advanced cancer. Specifically,
Dhanasekaran et al. [18] investigated gene expression
patterns in non-cancerous prostate, localized PCa, and
metastatic PCa (Fig. 1). Our analysis of this dataset
revealed that RKIP mRNA expression was significantly
lower in localized PCa than that in non-cancerous
prostate samples (P ¼ 0.003, Student’s t-test). Furthermore, metastatic PCa has statistically significantly
lower RKIP mRNA expression relative to both noncancerous prostate tissues (P < 0.001, Student’s t-test)
and localized PCa (P ¼ 0.021, Student’s t-test) (Fig. 1).
These data are in agreement with our previous findings
in PCa cell lines [11] and demonstrate that RKIP mRNA
expression declines with PCa progression.
To determine if changes in mRNA expression were
reflected by protein expression, we performed immunohistochemistry for RKIP protein expression on
previously validated PCa tissue microarrays [13,14].
For benign prostate samples, the men had a mean age of
58 years (range: 45–80). The patient demographics for
the men with primary tumors are described in detail in
Table I. For men with metastatic cancer, pre-prostatectomy data were unavailable; however, in summary
there were 55 men with metastases with a mean age of
67 years (range: 40–84 years) approximately 36% had

Fig. 1. RKIP mRNA transcriptlevels is decreasedin prostate cancer (PCa). RKIP mRNA transcript levels in PCa progression measured using DNA microarrays as reported by Dhanasekaran et al.
[18]. There were 22 cases of benign prostate, 59 cases of localized
PCa, 20 cases of metastatic PCa included in the study.Y-axis represents normalized expression units. P-value was calculated by using
the Student’s t test.
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prostatectomy; 60% had bilateral orchiectomy; 5% had
radiation therapy; and 100% had chemotherapy and
hormone ablation. PCa metastases that were examined
included skeletal, lymph node, hepatic, pulmonary,
dural, adrenal, splenic, spine, diaphragmatic, bladder,
seminal vesicle, testis, and pancreatic metastases. RKIP
protein staining was cytoplasmic in all positive cases
(Fig. 2A,B). The prostatic origin of tumor cells expressing RKIP was confirmed by positive IHC staining for
PSA (not shown). The intensity of RKIP staining was
dichotomized into two groups; weak/negative staining (score of 1 or 2) and moderate/strong staining
(score of 3 or 4). IHC analysis revealed that 95% of the
non-neoplastic prostate samples had moderate/strong
staining; whereas only 5% had negative/weak staining.
This differed for primary tumors of which 52% had
moderate/strong staining and 48% had negative/weak
staining. Finally, only 11% of the metastatic tumors had
moderate/strong staining; whereas, 89% had negative/weak staining (Fig. 2C). These data clearly
demonstrate that RKIP protein expression decreases
with overall PCa progression (P < 0.0001, Mantel–
Haenszel chi-square test). Furthermore, there was a
significant decrease in RKIP staining intensity between
benign prostate tissue compared to primary tumor
tissue (P < 0.0001, chi-square test). Similarly, metastatic
PCa had significantly lower expression of RKIP than
did clinically localized PCa (P < 0.0001, chi-square
test). These data suggest that RKIP expression could
be used to indicate the aggressiveness of an individual’s PCa. To further confirm that the there was a
difference in RKIP expression between benign prostate
and primary tumors we identified those patients
in which we had paired benign tissue and primary
tumors. There were 38 patients with paired benign
prostate and primary tumors. The mean RKIP staining
was decreased in the primary tumors (mean ¼ 2.9 
0.37) compared to benign prostate tissues (mean ¼
3.9  0.32; P < 0.001).
To begin to explore the prognostic utility of RKIP
expression in primary tumors, we initially evaluated
the association of RKIP protein expression with clinical
and pathological parameters. The clinical and pathologic characteristics of the men with primary tumors are
shown in Table I. The mean age of the study population
was 60 years (7.7). After a mean follow-up of 50.0
months (28.5), 21 of the 79 patients (27 %) had PSA
recurrence. The 5- and 7-year disease-specific survival
rates for the entire cohort of patients were 72.8%
(5.26%) and 69.6% (5.91%), respectively. Clinical
stage was dichotomized by results of the digital rectal
examination (DRE) into palpable (or positive) and nonpalpable (or negative) groups. Pathological stage was
simplified to two classes, pT2 (organ-confined) and
pT3 (extraprostatic extension and/or seminal vesicle
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Fig. 2. RKIP proteinis downregulatedin PCa. (A) Representative
elements of a tissue microarray stained with anti-RKIP antibody.
Immunohistochemistry demonstrates strong staining of non-neoplastic prostate (A1-2), moderate staining in localized PCa (A3- 4),
and absentor weak stainingofmetastatic PCa (A5- 6).Magnification
100. (B) RKIP expression is high in the secretary luminal cells of
non-neoplastic prostate (top), but absent in metastatic PCa (bottom).Magnification 400. (C) Histogram of RKIP expression by tissue typebased on tissuemicroarray analysis.Tumor specimens were
stratifiedinto high RKIP expression (filledbars, score 3 or 4) andlow
RKIP expression (openbars, scored1or 2).They-axisrepresents the
percentage of patients in each category.RKIP expression decreases
with increasing progression (P < 0.0001, Mantel^Haenszel chisquare test).RKIP expression differs between all pairwise comparisons (P < 0.0001, chi-square analysis).

invasion). The natural logarithm of the preoperative
level of PSA (ln [PSA]) was used as previously described [18]. RKIP showed the strongest association with
length of follow-up (P ¼ 0.0009) and PSA recurrence
rate (0.003) (Table I). Specifically, RKIP levels were

inversely correlated with them, such that patients with
lower RKIP levels had earlier recurrence and higher
recurrence rate than those with higher RKIP expression. Additionally RKIP expression was inversely
correlated with pathological stage (P ¼ 0.04), whereas
Gleason score were marginally associated with RKIP
levels. There was no significant correlation between
RKIP expression level and surgical margin (SM) status
(P ¼ 0.09), tumor size (P ¼ 0.40), gland weight (P ¼
0.28), ln [PSA] (P ¼ 0.59) or clinical stage (P ¼ 0.47).
PSA failure (also termed PSA recurrence or biochemical relapse) is defined as developing elevated
PSA levels greater than 0.2 ng/ml after radical
prostatectomy [19]. Patients demonstrating PSA failure
typically progress to developing distant metastases
and dying of PCa [19]. To test whether RKIP can be used
as a potential PCa biomarker to predict clinical outcome
in men treated with prostatectomy for clinically
localized PCa, we performed outcome analysis on 359
prostate samples from the 79 men with localized PCa
(each patient’s tumor is evaluated with an average of
4 samples). Kaplan–Meier analysis (Fig. 3A) revealed
that negative/weak RKIP staining predicted an earlier
PSA recurrence than moderate/strong RKIP expression. At 7 years of follow-up, only 13% of the patients
with moderate/strong staining tumors had PSA
recurrence, compared to 48% of the patients with
negative/weak staining tumors (P < 0.001, log rank).
These data demonstrate that RKIP expression is
prognostic for PSA recurrence.
To explore what clinical and pathological parameters could predict early PSA recurrence, we initially
performed a univariate analysis (Table II). At the
univariate level, tumor diameter, pathological stage,
SM status and ln [PSA] were directly associated with
PSA recurrence. In contrast, RKIP protein expression
was inversely associated with PSA recurrence. Gland
weight, Gleason score, and clinical stage were not
associated with PSA recurrence.
To examine the prognostic value of RKIP expression
independent of known clinical and pathologic parameters, multivariate analysis was performed (Table II).
To fit a multivariable Cox hazards regression model,
RKIP expression level along with tumor diameter,
pathological stage, SM status, ln [PSA], gland weight,
Gleason score, and clinical stage were included in the
model. The analysis indicated that RKIP expression
was the most significant predictor of PSA recurrence
followed by SM status and ln [PSA] (Table II). As in the
univariate analysis, RKIP was inversely correlated with
PSA recurrence and SM status and ln [PSA] were
directly correlated with PSA recurrence. Although
tumor size and pathologic stage had a strong association with PSA recurrence at the univariate level, they
had no independent association with outcome at the
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multivariate level. A multivariate analysis of only the
three independent factors revealed that RKIP maintained significance as an independent factor, giving a
final best fit multivariate model predictive of PSA
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recurrence that included the following terms and their
hazard ratios (95% CI; all at P ¼ 0.0005, Cox regression
analysis): RKIP expression, 0.15, (0.05–0.44); ln [PSA],
6.73 (2.62–17.32) and surgical margin status 3.15 (1.68–
5.88). Based on this model, patients with a negative/
low RKIP expression are 85% more likely to have an
early PSA recurrence compared to those with moderate/high RKIP expression. These results demonstrate
that expression of a MSG, namely RKIP, adds considerably to a prognostic model for PSA recurrence.
The majority of CaP patients who undergo prostatectomy have intermediate Gleason scores (i.e., scores
of 6–7) [20,21]. These Gleason scores are fairly noninformative as it is difficult to determine prognosis of
patients that have tumors with these Gleason scores
[20–22]. Accordingly, to determine if RKIP expression
could provide additional prognostic information for
this subset of patients, we performed multivariate Cox
regression analysis of patients with Gleason scores 6 or
7 using clinical and pathological parameters. RKIP
level is a significantly better marker than ln [PSA] and
an as good a marker as surgical margin status (Fig. 3B).
Patients with tumors with Gleason score of 6 or 7 and
negative/low RKIP expression have a 79.2% greater
chance of PSA recurrence than those patients with
tumors that have moderate/high RKIP expression.
These results indicate that RKIP is a novel excellent
predictor of PSA recurrence in CaP patients with
Gleason scores of 6 and 7 and can provide greater
prognostic information than that of the currently used
Gleason score in this class of patients.
DISCUSSION
Our results demonstrate that RKIP expression is
decreased in PCa metastases and that immunohistochemical assessment of RKIP in primary CaP provides
important independent prognostic information. Specifically, in patients with tumors that express moderate/
high RKIP levels, the time to PSA recurrence is
significantly delayed compared to patients with tumor
that have negative/low RKIP expression. Approximately 50% of the patients’ primary tumors we
examined expressed negative/low RKIP levels, thus
indicating that these patients represent a significant
component of the PCa population undergoing

Fig. 3. Kaplan^MeierestimatesofPSArecurrence-freeprobability for the patients with clinically localized PCa. (A) All patients:
Patients were stratified on the basis of moderate/high (RKIPþ) or
negative/low(RKIP)RKIPexpressionlevels.P-valuewas calculated
using the log-rank test. (B) Patients with Gleason score 6 or 7
tumors: Patients were stratified on the basis of moderate/high
(RKIPþ) or negative/low (RKIP) RKIP expression levels. P-value
was calculatedusing thelog-rank test.
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TABLE II. Univariate and Multivariable COXHazards Analysis of Clinicopathological Parameters and Rkip Expression in 79
Patients With Prostate Cancer*
Univariate analysis
Variable
RKIP
Gleason score
Maximal tumor diameter
Pathological stage
SM
DRE
ln [PSA]
Gland weight

Multivariate analysis

HR (95% CI)

P-valuea

HR (95% CI)

P-valuea

0.21 (0.08-0.58)
1.80 (0.70-4.63)
3.15 (1.34-7.42)
3.70 (1.57-8.74)
6.34 (2.54-15.80)
1.66 (0.71-3.91)
2.46 (1.39-4.36)
0.99 (0.96-1.02)

0.002
0.23
0.009
0.003
<0.0001
0.25
0.002
0.45

0.11 (0.03-0.38)
0.38 (0.12-1.20)
1.29 (0.46-3.60)
1.33 (0.36-4.88)
6.72 (2.21-20.49)
1.48 (0.43-5.07)
2.91 (1.33-6.37)
1.00 (0.96-1.03)

0.0005
0.10
0.63
0.66
0.0008
0.53
0.007
0.93

*HR, hazard ratio; CI, confidence interval; SM, surgical margin status; ln [PSA], natural logarithm of the pretreatment prostate-specific
antigen level (ng/mL).
a
Cox regression analysis. All statistical tests were two-sided.

prostatectomy. In our study cohort, the only other
independent prognostic indicators that we found were
surgical margins and ln [PSA].
A variety of MSGs has been evaluated for prognosis
in multiple cancers. However, until the current study,
there has been no clear documentation that decreased
expression of a MSG is prognostic for a cancer. For
example, the MSG KAI1 was demonstrated not to be an
independent prognostic factor in endometrial cancer
[23], cervical cancer [24], or ovarian carcinoma [25]. In
fact, increased, as opposed to decreased, levels of a
KAI1 splice variant was shown to be an a poor
prognostic factor in gastric cancer [26]. Similarly,
increased expression of other MSGs KiSS-1 and nm23
have been shown to indicate a poor prognosis several
cancers [27–30] or as with the MSG CD44 not to predict
outcome in cancer[31]; although in one study CD44 was
shown to predict survival [32]. In summary, decreased
expression of MSGs has not been clearly demonstrated
to be prognostic. Thus, our report provides an initial
example of a MSG involved in intracellular signaling
that is prognostic for cancer recurrence, which demonstrates the importance of evaluating genes that have
decreased expression for prognostic value.
Currently used markers for prognosis of PCa such as
preoperative serum PSA level, tumor stage, tumor
grade as measured by the Gleason score and surgical
margin are limited in their accuracy and prognostic
ability (reviewed in 33). For example, PSA screening
may in lead to the overdiagnosis and overtreatment of
patients with PCa [34]. In addition, PSA does not
correlate well with clinical outcome in patients with
PSA values of <10 ng/mL [35]. Similarly, the most
commonly used grading system in PCa, Gleason score
[36,37], is most effective as a prognostic factor in tumors
with the low [2–4] or high [8–10] scores, but not very

effective in the more common tumors that have an
intermediate score [5–7] and show strikingly heterogeneous biological aggressiveness [33,38]. Thus development of additional prognostic markers is an
important area of research. Results from the current
study demonstrate that RKIP is prognostic in patients
with PSA < 10 ng/ml and with tumors that are Gleason
score 6–7 or have positive surgical margins. Thus, RKIP
offers prognostic benefits above and beyond PSA,
Gleason score, and adds further information to those
tumors with positive surgical margins.
Radical prostatectomy is a definitive form of therapy
for clinically localized PCa [39]. After radical prostatectomy, recurrence of the disease in men with negative
surgical margin suggests that undetected disease may
have spread beyond the prostate gland before surgery
[40,41]. Detecting this population of patients would
assist towards designing a therapeutic strategy, including aggressive treatment. Our data demonstrate that
tumor RKIP expression levels can be used to predict
which of these patients will have early PSA recurrence,
and thus be used to provide a therapeutic recommendation. It is worth noting that traditional Gleason score
did not statistically significantly stratify the risk of this
focused set of patients although its clinical implication
on prognostication has been demonstrated by many
groups [42,43]. We believe this was due to the fact that
the majority of the patients in this study had intermediate Gleason scores (6 and 7) and intermediate
Gleason score is least sensitive prognostic marker to
stratify high risk patients [20–22].
Our finding that RKIP protein expression level in
PCa provides independent prognostic information,
given the novel metastasis suppressor activity of RKIP
in PCa, underscores that determining pathophysiological mechanisms of cancer spread can lead to
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identification of molecular markers. These findings
should be tempered by the observation that there is
overlap of RKIP mRNA expression among normal,
primary tumors and metastases, which suggests that
RKIP mRNA expression may have limited use as a sole
prognostic factors in individuals; however, the data
indicate that low RKIP protein expression provides a
strong indication of early PSA failure. Accordingly,
assessment of RKIP expression may identify those
patients that could benefit from early aggressive
therapy.
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