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A major cause of treatment failure for prostate cancer is the development of androgen-independent metastatic
disease. Id protein family, a group of basic helix–loop–helix transcription factors, has been shown to be
involved in carcinogenesis and a prognostic marker in several types of human cancers. In this study, we
examined the expressions of four Id proteins, Id-1, -2, -3 and -4, in 125 clinical prostate cancer specimens as
well as 40 nodular hyperplasia specimens by immunohistochemistry. The expressions of Id proteins
were correlated with Gleason grading and metastatic progress of the tumors. We found that Id proteins
were dysregulated in prostate cancer. Id-1 and -2 expressions were elevated while Id-3 and -4 expressions were
reduced in prostate cancers compared to nodular hyperplasia. Cytoplasmic staining of Id-1 (P¼ 0.013) and
nuclear staining of Id-2 (P¼ 0.001) and Id-4 (Po0.001) were positively correlated with Gleason score. The results
indicate that these Id proteins may play a positive role in the development of prostate cancer. In contrast, Id-3
might have an inverse relationship with prostate neoplastic transformation (P¼ 0.002) and cancer progression
(P¼ 0.022). We found that Id-4 nuclear overexpression in the primary prostate cancers significantly increased
the risks to the development of metastasis in the patients (odds ratio¼ 3.215, 95% confidence interval¼ 1.150–
8.987, P¼ 0.026). Our results suggest that in prostate cancer patients, differential Id proteins expressions may
be a useful marker for poor prognosis, and Id-4 may be a potential prognostic marker for distant metastasis.
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In Asian populations, there is a trend of increasing
incidence of prostate cancer which may be due to
the adoption of Western lifestyle.1 Owing to the
relatively slow growth rate of many prostate cancers,
newly diagnosed cases, especially in elderly men,
may be of little clinical significance. Treatment may
not be of benefit to these patients and watchful
waiting is an acceptable form of patient manage-
ment.2,3 On the other hand, approximately one-third
of all prostate cancer patients have micro-metastatic

disease at the time of presentation. This group
of patients is largely undetected due to a lack
of reliable biomarkers. These patients eventually
progress to clinically detectable metastatic and
androgen-independent diseases at which point the
median survival is only 12–15 months.4 Therefore,
prognostic markers that identify prostate cancer
patients at risks of developing metastatic lesion
would be able to facilitate proper patient care.

Inhibitors of Differentiation/Inhibitors of DNA
binding (Id) protein family, a group of basic helix–
loop–helix transcription factors, is involved in
negative regulation of other bHLH transcription
factors in many cellular processes as well as in
carcinogenesis. Its involvement in cell cycle con-
trol,5 cancer development,6 angiogenesis7 and apop-
tosis8 has been implicated. Therefore, it is regarded
to be a potential target for cancer therapy.9 There
are four members in this protein family, namely Id-1,
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Id-2, Id-3 and Id-4.10 Although they are in the same
family, their roles in carcinogenesis in different
types of cancer are different.

Id-1, -2 and -3 have been shown to participate in
early stages of hepatocarcinogenesis but not in liver
cancer progression, while reduced expressions of
Id-1 are associated with a better prognosis in
hepatocellular carcinoma.11 Id-1 has been suggested
to be a prognostic marker in cervical cancer, in
which higher expressions of Id-1 were correlated
with a poor prognosis.12 Colorectal adenocarcinoma
tumor specimens had elevated expressions of
Id-1, -2 and -3 when compared to normal tissue,13

while hypermethylation with reduced expressions
of Id-4 correlated with a poor prognosis.14 Id-1 and
-2 were overexpressed in pancreatic cancer and
could be early markers of pancreatic malignant
transformation.15 Overexpression of Id-1 has also
been described in gastric cancer, in which Id-1
expression was positively correlated with tumor
progression.16 Id-4, on the other hand, was hyper-
methylated and reduced in this cancer.17 In breast
cancer, high cytoplasmic expressions of Id-2 were
found to confer a favorable prognosis,18 while high
nuclear expressions of Id-4 were shown to correlate
with cancer progression. Id-3 expression was
reduced in ovarian cancer.19 These results suggest
that the expression of different Id proteins in
different types of cancer could be used as prognostic
markers of cancers.

The roles of Id proteins in cancer metastasis have
also been studied. The metastatic potential of
gastric cancer cells was significantly reduced in Id-
1 and -3 double-knockdown cells.20 Id-1 was highly
expressed in infiltrating human breast cancer speci-
mens,21 while Id-2 expression was barely detectable
in invasive human breast cancer specimens.22 Id-4
expressions were shown to correlate with invasive-
ness of breast cancer cells23 and breast carcinomas in
mice.24 However, another study has suggested that
hypermethylation of Id-4, which leads to reduced
gene expression, is significantly associated with
node-positive T1 primary breast cancer.25 These
findings show that Id proteins may also be involved
in metastasis of different types of cancer.

Our previous study has shown that Id-1 is over-
expressed in human prostate cancer (n¼ 47), and
the poorly differentiated prostate cancer shows
stronger expressions.26 Our results were confirmed
by others when they demonstrated that Id-1 was
upregulated during human prostate cancer progres-
sion and that prostate cancer cells showed increased
proliferation and invasiveness when they over-
expressed Id-1.27 In the same study, Id-2 was
shown to be upregulated in prostate cancer. Id-2
expression promoted prostate cancer cells to a
more aggressive phenotype, though it was less
potent than Id-1.

The aims of our present study were to study
how the Id proteins expressions were related to
prostate carcinogenesis, cancer progression and

development of metastasis in human prostate can-
cer. We also explored whether differential expres-
sions of Id proteins might be prognostic markers of
prostate cancer progression and metastasis. To
investigate expressions of the Id proteins in prostate
cancer, we studied 125 prostate cancer specimens by
immunohistochemical staining in tissue microarray
and had them compared to 40 nodular hyperplasia
samples. We found that there was significant
difference in the expressions of Id proteins between
prostate cancer and nodular hyperplasia. Upregula-
tion of cytoplasmic Id-1, nuclear Id-2 and nuclear
Id-4 expressions were positively associated with
Gleason score while Id-3 expression was negatively
associated. In addition, primary prostate cancer
specimens with high nuclear Id-4 expressions were
at a higher risk of developing metastatic disease. Our
results suggest that Id proteins are involved in
neoplastic transformation and progression of pros-
tate cancer, and Id-4 may be a useful marker for the
prediction of distant metastasis.

Materials and methods

Patients and Specimens

A total of 165 archival formalin-fixed and paraffin-
embedded prostate specimens were obtained from
Department of Pathology, The University of Hong
Kong at Queen Mary Hospital. The specimens
included 40 cases of nodular hyperplasia, and 125
cases of prostate cancer, which were derived from
122 cases of transurethral resections, 16 cases of
radical prostatectomies, and 27 cases of needle
biopsies. The median age of the patients at the time
of procurement of the tissue samples is 76 (range
55–94).

The archival dates of the prostate cancer specimen
fell between years 1998 and 2004. The prostate
specimens were divided into the Benign (n¼ 40)
and Cancer (n¼ 125) groups. The prostate cancer
specimens were reviewed and graded histologically
according to Gleason’s method. They were divided
into two groups, one with a combined Gleason score
less than 7 (n¼ 38) and Gleason score equal to or
more than 7 (n¼ 87). In order to correlate between Id
proteins expressions and development of metastatic
diseases in Gleason score matched specimens, the
Gleason scoreZ7 group of patients were then
subdivided according to their metastatic status,
nonmetastatic (no metastases detected (median
follow-up 38 months, ranged from 12 to 90 months)
after diagnosis, n¼ 34) and metastatic (distant
metastases detected within 6 months after procure-
ment of the specimens, n¼ 37) groups. All prostate
cancer patients selected for this study did not
receive any therapy directed against prostate cancer
prior to procurement of the specimens. Prostate-
specific antigen level at the time of specimen
procurement was available for 92 prostate cancer
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cases (74%). The clinical information of the patients
is summarized in Table 1.

Tissue Microarray Construction

Tissue microarray was constructed with a Beecher
Instruments tissue microarrayer (Silver Spring,
MD, USA). A pathologist (Chan KW) marked three
representative areas for each specimen other than a
needle biopsy. The selected areas were incorporated
into a paraffin block using a 0.6-mm diameter core
needle. A total of six tissue microarray blocks were
made each containing B80 cores. H&E stained
sections of the tissue microarray blocks were
reviewed by Chan KW to ensure that targeted tissue
had been sampled before performing further studies.
The sample numbers varied slightly among staining
results of the four Id proteins because of variability
in the number of interpretable specimens on tissue
microarray sections.

Immunohistochemical Staining

Immunohistochemical staining was carried out as
described previously26 using ABC Vectastain Kit
(vector Laboratories, Burlingame, CA, USA), accord-
ing to the manufacturer’s instructions.

Evaluation of Immunohistochemical Staining Results

The stained sections were reviewed by two inde-
pendent observers (Chan KW and Chan YP), who
had no knowledge of the patient data. All three cores
of each sample were examined and the core with the
highest staining intensity and extent was selected
for further quantification. In case of a needle biopsy,
the whole section was evaluated and the ‘hot spot’
showing the highest staining intensity was selected
for further quantification. Cytoplasmic staining was
scored by the extent and intensity of staining, which
was then graded by an arbitrary scale that ranged
from 0 to 3, representing negative (‘0’), weak (‘1’),
moderate (‘2’) and strong (‘3’) staining intensity,
respectively. Nuclear staining was scored by the
percentage of nuclei positively stained in the hot
core/hot area observed under � 400 magnification
with at least 100 nuclei included, and the result was
expressed as mean7s.e.m.

Statistical Analysis

Statistical analysis was performed using SPSS 13.0
software. Differences in Id proteins expressions
among different groups of specimens were analyzed
by independent samples t-test and nonparametric
Mann–Whitney U-test where applicable. The asso-
ciation between cytoplasmic or nuclear staining of
Id proteins and the risk to develop metastatic
disease was estimated by odds ratio and 95%
confidence intervals using binary logistic regression
analysis. For cytoplasmic staining, negative and
weak staining results were classified as low-level
expression, and moderate and strong staining results
classified as high-level expression. For nuclear
staining, the median percentage of nuclei stained
within Gleason score matched group for metastasis
analysis was used as the cutoff point. The cutoff
points for Id-2 and -4 are 1.47 and 32.4%, respec-
tively. Spearman rank correlation test was applied
to analyze the correlation between individual Id
protein expression and Gleason score. A P-value
o0.05 was considered statistically significant.

Results

Id Proteins were Differentially Expressed in Benign
Prostate and Prostate Cancer

To investigate whether Id proteins are dysregulated
in prostate cancer, we analyzed expressions of Id
proteins in benign prostate (n¼ 40) and prostate
cancer (n¼ 125) specimens. Representative results
of the immunohistochemical staining were shown
in Figure 1. Cytoplasmic staining results were
summarized in Figure 2c and Table 2. Nuclear
staining results of Id-2 and -4 are shown in Figure
2a and b, and Table 3. Cytoplasmic staining of Id-1
was significantly increased in prostate cancer
(Po0.001) (Figure 2c). This result is similar to that

Table 1 Patient clinical and pathologic features

Number
of cases

% Median (range)

Histological group 165
Nodular hyperplasia 40 24
Prostate cancer
(Gleason scoreo7)

38 23

Prostate cancer
(Gleason scoreZ7)

87 53

Age 76 (55–94)
Nodular hyperplasia 40 76 (70–78)
Prostate cancer
(Gleason scoreo7)

38 72.5 (56–92)

Prostate cancer
(Gleason scoreZ7)

87 74 (55–94)

Nonmetastatic 34 77 (59–94)
Metastatic 37 72 (56–91)

Pre-PSA level 92 74 62.50
(0.4–3744.0) ng/ml

PSAr4ng/ml 3 3
4ng/mloPSAo10ng/ml 15 16
PSA Z10ng/ml 74 80

Metastatic status (GSZ7) 71
Nonmetastatic 34 47
Metastatic
(within 6 months)

37 52

Sites of metastases detected 37
Bone 35 95
Lymph node 2 5

pre-PSA, preoperative prostate-specific antigen.
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of our previous study.26 For Id-2, both cytoplasmic
(Figure 2c) and nuclear staining (Figure 2a) was
significantly increased in prostate cancer specimens
(Po0.001), a finding that was reported by others as

well.27 In addition, we also observed significantly
decreased cytoplasmic expression of Id-3 in prostate
cancer specimens (P¼ 0.002) (Figure 2c). Cytoplas-
mic staining of Id-4 was not significantly different
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(P¼ 0.541) between cancer and benign tissues, but a
significant decrease in nuclear Id-4 staining was
observed in prostate cancer specimens (Po0.001)
(Figure 2b). The results suggest that Id-1 and -2
may play a positive role while Id-3 and -4 may
play a negative role in neoplastic transformation of
prostate.

Id Proteins were Differentially Expressed during
Neoplastic Transformation and Prostate Cancer
Progression

To investigate whether Id proteins are differentially
regulated during neoplastic transformation and
prostate cancer progression, we analyzed Id proteins

Figure 1 Immunohistochemical staining of Id proteins in tissue microarray of human prostate specimens. Tissue microarray sections
were stained using polyclonal anti-Id-1, -2, -3 and -4 antibodies (Santa Cruz Biotechnology, Santa Cruz, CA, USA) in the dilution of
1:500, 1:300, 1:300 and 1:100, respectively. Panels 1, 2, 3 and 4 represent tissue cores stained with Id-1, -2, -3 and -4, respectively at a
magnification of � 400. Column A, B, C and D represent nodular hyperplasia, low-grade prostate cancer, high-grade prostate cancer of the
nonmetastatic subgroup and high-grade prostate cancer of the metastatic subgroup. Panel 1: Id-1 staining, negative in nodular
hyperplasia, increases from low-grade to high-grade cancer. Panel 2: Id-2 shows negative staining in nodular hyperplasia and increased
cytoplasmic staining in prostate cancer. Increased nuclear staining in prostate cancer of the metastatic subgroup is observed; Panel 3: Id-3
shows positive staining in nodular hyperplasia with reduced staining in prostate cancer specimens; Panel 4: Id-4 shows positive nuclear
staining in nodular hyperplasia and reduced nuclear staining in prostate cancer specimens. However, high level of Id-4 nuclear staining
is observed in the primary prostate cancer of the metastatic subgroup. Panel 5: Negative control, primary antibody was omitted during
immunohistochemical staining.

Figure 2 Summary of Id proteins immunohistochemical staining results in nodular hyperplasia and prostate cancer specimens. (a)
Percentage of nuclei stained for Id-2. (b) Percentage of nuclei stained for Id-4. (c) Cytoplasmic staining intensity for the four Id proteins.
Differences in the level of staining are significant for cytoplasmic Id-1, -2 and -3 expressions and for nuclear Id-2 and -4 expressions.
These results suggest Id-1 and -2 may play a positive role while Id-3 and -4 may play a negative role in neoplastic transformation of
prostate.
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staining in nodular hyperplasia (n¼ 40), low-grade
(Gleason scoreo7, n¼ 38) and high-grade prostate
cancers (Gleason score7, n¼ 87) and correlated the
staining results with Gleason score. The findings
are summarized in Figure 3, and Tables 2 and 3.
Cytoplasmic Id-1 staining was significantly in-
creased in low-grade prostate cancer specimens

when compared to nodular hyperplasia (Po0.001),
and significantly higher Id-1 expression (P¼ 0.008)
was observed in high-grade over low-grade prostate
cancer specimens (Figure 3c). A weak correlation of
staining results with Gleason score could be estab-
lished for Id-1 (r¼ 0.232, P¼ 0.013). Nuclear staining
(Figure 3a), but not cytoplasmic staining (Figure 3c),
of Id-2 was significantly increased (P¼ 0.009) in
high-grade prostate cancer and correlated with
Gleason score (r¼ 0.298, P¼ 0.001). Id-3 expression
was not significantly different between nodular
hyperplasia and low-grade prostate cancer. A sig-
nificant increase in cytoplasmic staining of Id-3
(P¼ 0.022) was observed in high-grade compared
to low-grade prostate cancer (Figure 3c). A weak
negative correlation between Id-3 staining and
Gleason score was found but was not statistically
significant (r¼�0.169, P¼ 0.068). Cytoplasmic
staining of Id-4 was not significantly different
between nodular hyperplasia and low-grade pro-
state cancer (P¼ 0.282) (Figure 3c), while a signifi-
cant difference was observed in nuclear Id-4 stain-
ing between these two groups (Po0.001) (Figure 3b).
Both cytoplasmic and nuclear staining was signifi-
cantly increased (P¼ 0.025 and 0.001, respectively)
in high-grade over low-grade prostate cancer, but
only nuclear staining was significantly correlated
with Gleason score (r¼ 0.422, Po0.001). These
results suggest that Id-1 and -2 play a positive role
while Id-3 plays a negative role in neoplastic
transformation and cancer progression of prostate.
In addition, they suggest that Id-4 plays a negative
role in neoplastic transformation but a positive role
in cancer progression of prostate.

Table 2 Summary of cytoplasmic Id immunohistochemical staining results in different histological stage of prostate specimens

Negative
No. of cases (%)

Weak
No. of cases (%)

Moderate
No. of cases (%)

Strong
No. of cases (%)

Total
No. of cases (%)

(a) Cytoplasmic Id-1 expression
Nodular hyperplasia 28 (82) 6 (18) 0 (0) 0 (0) 34 (100)
Prostate cancer
Gleason scoreo7 5 (14) 22 (63) 7 (20) 1 (3) 35 (100)
Gleason scoreZ7 7 (9) 31 (39) 31 (39) 10 (13) 79 (100)

(b) Cytoplasmic Id-2 expression
Nodular hyperplasia 31 (84) 6 (16) 0 (0) 0 (0) 37 (100)
Prostate cancer
Gleason scoreo7 8 (22) 19 (53) 9 (25) 0 (0) 36 (100)
Gleason scoreZ7 14 (18) 36 (45) 18 (23) 11 (14) 79 (100)

(c) Cytoplasmic Id-3 expression
Nodular hyperplasia 2 (6) 23 (62) 12 (32) 0 (0) 37 (100)
Prostate cancer
Gleason scoreo7 6 (16) 22 (59) 8 (22) 1 (3) 37 (100)
Gleason scoreZ7 31 (38) 38 (47) 9 (11) 3 (4) 81 (100)

(d) Cytoplasmic Id-4 expression
Nodular Hyperplasia 5 (14) 22 (61) 9 (25) 0 (0) 36 (100)
Prostate cancer
Gleason scoreo7 11 (32) 15 (44) 6 (18) 2 (6) 34 (100)
Gleason scoreZ7 11 (14) 37 (47) 19 (25) 11 (14) 78 (100)

Table 3 Summary of nuclear Id immunohistochemical staining
results

Number of
cases

Mean (7s.e.m.)

Nuclear expression of Id-2
Histological group
Nodular hyperplasia 37 0.63 (0.44)
Prostate cancer
(Gleason scoreo7)

35 5.33 (1.75)

Prostate cancer
(Gleason scoreZ7)

81 9.78 (1.23)

Metastatic status (GSZ7)
Nonmetastatic 32 5.33 (1.29)
Metastatic (within 6 months) 34 11.72 (2.26)

Nuclear expression of Id-4
Histological group
Nodular hyperplasia 35 55.03 (4.62)
Prostate cancer
(Gleason scoreo7)

33 22.24 (4.10)

Prostate Cancer
(Gleason scoreZ7)

77 36.65 (2.71)

Metastatic status (GSZ7)
Nonmetastatic 29 26.22 (3.69)
Metastatic (within 6 months) 35 46.09 (4.12)
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Association of Expressions of Id Proteins with
Metastatic Potential of Prostate Cancer

Metastatic progression is a major cause of death in
prostate cancer patients.28 Biomarkers that accu-
rately predict metastatic potential of the primary
prostate cancer will be useful in patient manage-
ment. We investigated whether expressions of Id
proteins in prostate cancer could serve the purpose
of being prognostic biomarkers by comparing the
expression levels of the four Id proteins in Gleason
score matched primary prostate cancer specimens.
The metastatic group (n¼ 37) included cases with
metastasis detected within 6 months of procurement
of tumor sample, and the nonmetastatic group

(n¼ 34) that included cases with no distant metas-
tasis detected for at least 12 months follow-up. As
very few patients with low-grade prostate cancer
had developed metastatic disease within 6 months
of follow-up, no statistical analysis could be per-
formed and the data are not presented.

The results are summarized in Figure 4 and Table
3. Cytoplasmic staining of Id-1, -2, -3 and -4 in the
high-grade prostate cancer specimens was not
significantly different between the metastatic and
nonmetastatic groups (P¼ 0.659, 0.459, 0.989 and
0.488, respectively) (Figure 4c). The nuclear staining
score of Id-2 in the nonmetastatic group was
5.3371.29% and it was significantly less than the
11.7272.26% of the metastatic group (P¼ 0.038)

Figure 3 Summary of Id proteins immunohistochemical staining results in prostate specimens of different histological groups. (a)
Percentage of nuclei stained positive for Id-2. (b) Percentage of nuclei stained positive for Id-4. (c) Cytoplasmic staining intensity for the
four Id proteins. *, **, *** indicates statistical significant difference at Po0.05, o0.01 and o0.001 respectively. Cytoplasmic staining of
Id-1 and nuclear staining of Id-2 are progressively increased from nodular hyperplasia, low-grade to high-grade prostate cancers.
Significant difference between low- and high-grade prostate cancer is observed for cytoplasmic Id-3 and -4 staining. Nuclear staining of
Id-4 in low-grade prostate cancer is significantly lower when compared with both nodular hyperplasia and high-grade prostate cancer.
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(Figure 4a). The nuclear staining score of Id-4 of the
nonmetastatic group, which was 26.2273.69%, was
also significantly lower than the 46.0974.12% of
the metastatic group (P¼ 0.001) (Figure 4b).

Since only Id-2 and -4 nuclear staining scores
were significantly different between the two sub-
groups of high-grade prostate cancer, the risks of
developing metastatic lesions with high nuclear
expression of Id-2 and -4 were estimated by odds
ratio and 95% confidence interval through binary
logistic regression analysis. The cutoff points for
high-level expression for Id-2 and -4 were the
median scores of these Gleason score matched
subgroups, which are 1.47 and 32.4%, respectively.
More cases with high-level Id-2 nuclear staining
scores (61%, 20 out of 33) than those with low-level
scores (42%, 14 out of 33) developed metastatic
lesion. However, high-level Id-2 nuclear staining
did not significantly associate with a higher risk
to develop distant metastatic lesions (odds ratio¼
2.088, 95% confidence interval¼ 0.782–5.574,

P¼ 0.142). Metastasis was detected in 22 out of 32
(69%) patients, whose prostate cancer showed high-
level Id-4 nuclear staining while only 13 out of 32
(41%) patients with low-level staining developed
metastatic lesion. The risk of patients with high-
level Id-4 nuclear staining in primary prostate
cancer to develop metastatic lesion was significantly
higher than those with low-level staining (odds
ratio¼ 3.215, 95% confidence interval¼ 1.150–
8.987, P¼ 0.026). Based on these results, we suggest
that nuclear expression of Id-4 may serve as a
prognostic marker for predicting early metastatic
disease in high-grade prostate cancer.

Discussion

We investigated, by immunohistochemistry, expres-
sions of four members of the Id protein family in
nodular hyperplasia (n¼ 40) and prostate cancer
(n¼ 125). The staining results were correlated with

Figure 4 Summary of Id proteins immunohistochemical staining results in high-grade prostate cancers (Gleason scoreZ7) with
differential metastatic status. (a) Percentage of nuclei stained positive for Id-2. (b) Percentage of nuclei stained positive for Id-4. (c)
Cytoplasmic staining intensity for the four Id proteins. No significant difference in cytoplasmic staining was observed between the
metastatic and nonmetastatic subgroups for the four Id proteins. Nuclear staining of Id-2 and -4 is significantly increased in the
metastatic subgroup compared to the nonmetastatic subgroup. These results suggest that nuclear expression of Id-2 and -4 may play a
positive role in promoting prostate cancer metastasis.
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clinico-pathological parameters. We observed dys-
regulation of the four Id proteins in prostate cancer,
including upregulation of Id-1 and -2 and down-
regulation of Id-3 and -4 (Figures 1 and 2c) in
prostate cancer specimens. Cytoplasmic staining of
Id-1 and nuclear staining of Id-2 and -4 were
positively correlated with Gleason score, suggesting
their involvement in prostate cancer progression.
Nuclear expression of Id-4 in primary prostate
cancer specimens was associated with a higher risk
to develop distant metastasis, suggesting that Id-4
might be involved in the metastatic process of
prostate cancer. Taken together, our results suggest
that Id proteins are differentially involved in the
neoplastic transformation and cancer progression of
prostate, and that Id-4 may be a potential marker for
prediction of metastasis in high-grade prostate
cancer. Our findings warrant further studies to
investigate the exact roles played by the Id proteins
in prostate cancer and the pathogenetic mechanisms
involved.

It has been found that Id-1 negatively regulates
differentiation of rat prostate epithelial cells in an
androgen dependent fashion.29 Id-1 expression has
previously been shown to be upregulated in prostate
cancer and to correlate with Gleason grading.26 Our
new results were similar. Participation of Id-1 in
promoting metastasis varies among different types
of cancer.12,30,31 Although invasiveness of prostate
cancer cells could be increased by overexpressing
Id-1 in a recent study,27 Id-1 expression was not
significantly different between subgroups of high-
grade prostate cancer of different metastatic out-
come in the present study (Figure 4c). Two recent
studies on breast cancer bone32 and lung33 meta-
stasis showed that overexpression of Id-1 in breast
cancer cells conferred higher metastatic ability to
lung but not to bone.33 In our present study, 95%
patients of the metastatic group were diagnosed
with bone metastasis, which may explain why
Id-1 expression level is not significantly different
between metastatic and nonmetastatic group.

Id-2 has been showed to directly bind to retino-
blastoma protein and inhibits its tumor suppressor
activity.34 In prostate cancer cell, forced expression
of Id-2 increased their proliferation and invasion
ability.27 Coppe et al have also reported that
cytoplasmic Id-2 was upregulated in prostate cancer
(n¼ 67) and positively correlated with Gleason
grading, while nuclear staining was mainly found
in high-grade prostate cancer.27 Our results of Id-2
staining showed a similar pattern. However, a
correlation between cytoplasmic Id-2 staining and
Gleason score could not be established (Figure 3c).
Nuclear staining of Id-2 was mainly found in high-
grade prostate cancer and significantly correlated
with Gleason score (Figure 3a). The results suggest
that while upregulation of Id-2 with its overexpres-
sion in the cytoplasm may be important in neoplas-
tic transformation, nuclear expression of Id-2 is
more likely to be related to cancer progression.

Despite an association of high-level nuclear expres-
sion of Id-2 with the development of distant
metastasis within 6 months of follow-up (Figure
4a), the risk to develop metastasis with high Id-2
expression was not significantly increased.

Dysregulation of Id-3 has been described in
several types of cancer including its upregulation
in colorectal adenocarcinoma13 and pancreatic
cancer,15 and its downregulation in ovarian cancer.19

In this study, Id-3 staining was not significantly
different between nodular hyperplasia and low-
grade prostate cancer (Figure 3c). However, we
observed a significant decrease in expression of
Id-3 in high-grade prostate cancer as compared to
low-grade prostate cancer (Figure 3c). A recent
study on global gene methylation in prostate cancer
cells has shown that Id-3 is methylated in PC3, an
androgen-independent prostate cancer cell line.35

Evidence so far shows that downregulation of Id-3
may be involved in prostate cancer progression.

Hypermethylation and consequential reduced
expression of Id-4 has been described in gastric
cancer17 and colorectal cancer.14 In the current
study, nuclear staining score of Id-4 was signifi-
cantly decreased in prostate cancer when compared
to nodular hyperplasia (Figure 2b), suggesting that
Id-4 may play a negative role in neoplastic trans-
formation of prostate. On the other hand, nuclear
staining of Id-4 was positively correlated with
Gleason score (Figure 3b), suggesting that increased
Id-4 expression may promote prostate cancer pro-
gression. Nuclear expression of Id-4 thus seemed to
take different roles in prostate cancer initiation and
progression. Others have found nuclear expression
of Id-4 to be increased in the initiation and
progression of breast cancer in rat.24 Id-4 has been
shown to positively correlate with invasion ability
of a mouse breast cancer cell line in that same study.
A significant association between Id-4 promoter
hypermethylation and nodal metastasis in human
breast cancer samples has been found.25 Our study
showed that high-level nuclear expression of Id-4 in
high-grade primary prostate cancer was associated
with higher risk to develop metastatic lesion
(odds ratio¼ 3.215, 95% confidence interval¼
1.150–8.987, P¼ 0.026), suggesting that Id-4 may
play a positive role in the metastatic process. Id-4
may be a potential marker for prediction of metas-
tasis in prostate cancer patients.

Some mechanisms of how Id-1 and -2 interact
have been proposed. Overexpression of Id-1 inhibits
expression of p16,36,37 p21,38 and p27,39 which leads
to an increased activity of cyclin dependent kinase 2
(CDK2) and increased Retinoblastoma protein
phosphorylation. Id-2, on the other hand, inhibits
Retinoblastoma protein through direct binding and
Id-2 itself is restrained by Retinoblastoma protein.34

Overexpression of Id-1 leads to increased Retino-
blastoma protein phosphorylation and therefore
increased liberation of Id-2 from Retinoblastoma
protein and more free-Id2 is available for inhibition
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of E proteins to facilitate proliferation.40 In our
study, we observed a positive correlation of cyto-
plasmic Id-1 and Id-2 expression (r¼ 0.288,
P¼ 0.003) in the prostate cancer specimens
(n¼ 125). It is tempting to speculate that co-expres-
sion of Id-1 and Id-2 may cooperate to promote
prostatic neoplastic transformation and cancer pro-
gression. Functional assay in cancer cells and mice
models is warranted to test the hypothesis.

In summary, our study showed differential ex-
pressions of Id proteins in benign and malignant
prostatic tissues. Evidence was provided that Id
proteins might be differentially involved in neo-
plastic transformation, cancer progression and
development of distant metastases. We demon-
strated that nuclear expression of Id-4 could be a
useful prognostic marker for high-grade prostate
cancer with a high metastatic potential. Further
investigations are needed to study the mechanisms
involved, an understanding of which may provide
the basis for a rational approach to the future
development of targeted therapy against prostate
cancer.
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