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The purpose of this study was to investigate prognostic significance of Dopamine and

cAMP-Regulated neuronal Phosphoprotein 32 (DARPP-32) expression in primary

colorectal cancer. The study material consisted of clinical and histopathological data of

100 patients operated for colorectal cancer between 1994 and 1997. For immunohisto-

chemical analysis, specific rabbit antibodies for DARPP-32 were used and the percentage

of stained tumor cells was calculated under gross magnification (400 times) on a sample

of 500 tumor cells. DARPP-32 expression in the primary tumor was significantly greater

in patients with distant metastases compared to patients with no distant metastases

(p¼0.002). In multivariate regression analysis, DARPP-32 expression in the primary

tumor was a significant predictor of distant metastases. With a cut-off point of 76.5%,

DARPP-32 expression in the primary tumor significantly influenced both overall and

disease free survival, especially for Dukes A and B patients (p¼0.037). The results of this

study indicate that DARPP-32 may be a potential marker of worse prognosis and a

valuable tool for managing further adjuvant treatment in patients with stages Dukes A

and B colorectal cancer.
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Colorectal cancer is the second most common
cause of cancer related death in Western

Europe and the United States, with the incidence
of 50/100,000 population.1 In spite of significant
developments in surgery and new chemotherapy
drugs and protocols as well as radiotherapy regi-
mens, this malignancy still has high mortality.2

The 5-year survival rate of colorectal cancer
patients with Dukes A cancer ranges from 74 to
93%. Patients with Dukes B cancer have a 5-year
survival of 40 to 82%, and those with positive lymph
nodes (Dukes C) have a 5-year survival rate of 30 to
59%.3,4 Recurrences are observed in as much as 34%
of patients with Dukes A and B stage, compared
with 59% in patients with lymph node metastases.5

Liver metastases are a well proven major deter-
minant of survival in patients with colorectal
cancer.2,6 Therefore, better selection of patients with
potential to develop liver metastases or those having
occult metastases may increase the survival of those
patients in whom adjuvant therapies would not
otherwise be indicated.2,5,7

Recently, overexpression of dopamine and 3050-
cyclic adenosine monophosphate regulated neuro-
nal phosphoprotein 32 (DARPP-32) has been found
in several gastrointestinal adenocarcinomas.8 Al-
though most of the research on this protein focused
on its role in the central nervous system,9–11 the
finding of overexpression of this protein in cancer
tissues brought up the hypothesis of its role in
carcinogenesis.8,12 Genetic studies led to the discov-
ery of frequent 17q DNA amplifications in gastric
cancer.8 Subsequently, the gene located at this site,
called PPP1R1B, has been sequenced and found to
encode DARPP-32 molecule, that was brought into
connection with several malignancies.8,13–18 The
DARPP-32 molecule is a protein with molecular
mass of 32 kDa, consisting of 204 amino acids and 4
phosphorylation sites: Thr34, Thr75, Ser102, and
Ser137. Depending on the phosphorylation of 1 of
these 4 amino acids, the DARPP-32 molecule is
acting as the signal integrator and as the regulator of
the phosphorylase and kinase activities in eukary-
otic cells.19

Basic research indicates that DARPP-32 may be
associated with worse prognosis in some carcino-
mas.20 However, it is remains unknown if evalua-
tion of DARPP-32 expression in colorectal cancer
patients may aid to evaluate prognosis.

The purpose of this study was to investigate
possible associations of DARPP-32 expression in
primary colorectal cancer with known prognostic

determinants of colorectal cancer and therefore set
the basis for further clinical research.

Materials and Methods

The study was conducted between 1994 and 1997
and included the analysis of 100 patients operated
for colorectal cancer who had never received
chemotherapy or radiotherapy before operation.
Only patients with full records as described below
were included.

For each included patient, age at presentation,
sex, and location of the primary tumor were noted.
The existence of liver metastases was determined by
preoperative computed tomography (CT) scanning
and intraoperative inspection and palpation. Tumor
stage, according to TNM classification (AJCC, 6th
revision from 2002),21 as well as perineural and
vascular invasion were determined by the patholo-
gist using standard staining. To avoid subsequent
differences in TNM classification, total number of
lymph nodes and the number of positive lymph
nodes was recorded, and metastases (M stage) was
classified as absent (M0) or present (M1). Any
intraperitoneal dissemination was also noted.

Calculated sample size was 86 patients, based on
expected difference in DARPP-32 expression of 25%
at P , 0.01 and power goal of 99%.20 Taking into
account a technical failure rate of 15%, the total
number of 100 patients was estimated as sufficient
to close the study.

A random sample of 100 patients who fulfilled
the above-mentioned criteria were included into this
study.

Patients were followed up for at least 5 years.
Follow-up was performed every 3 months for 2
years, every 6 months for 3 years, and once every
year thereafter. All patients underwent imaging
examination (abdominal ultrasound, chest X-ray
and pelvic CT/magnetic resonance imaging). Colo-
noscopy was performed once a year. Death of
patients was recognized as the end of follow-up.
Survival data were obtained from the Cancer
registry of the Republic of Croatia and hospital
records.

For every patient, three sites were examined by
standard histology and immunohistochemistry: pri-
mary tumor, resection margin (at least 2 cm from the
gross tumor), and lymph nodes. Both analyses were
performed on 4-lm thick cuts. For immunohisto-
chemistry, specific rabbit antibodies for DARPP-32
(Santa Cruz Biotechnology, Santa Cruz, CA, SAD,
catalogue number sc-11365) were used, with stan-
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dard immunohistochemistry kit (LSAB kit, DAKO,
catalogue number K0690), 3,30-diaminobenzidine
chromogene (DAKO, catalogue number 3465), and
nonspecific antibody of the same isotype as primary
antibody (rabbit serum, DAKO, catalogue number
X0902). For every sample, the percentage of stained
tumor cells was calculated under gross magnifica-

tion (400 times) on a sample of 500 tumor cells. The
examining pathologist was blinded to the patient
stage.

The study was approved by the hospital ethics
committee.

For statistical analysis, nonparametric Mann-
Whitney and Wilcoxon’s tests were used. For
survival analysis, Log-rank test and Cox’s regres-
sion analysis were performed. Values of P , 0.05
were considered statistically significant. For sensi-
tivity analysis, cutoff values of DARPP-32 expres-
sion were calculated using the method of Budczies
et al.22 Univariate logistic regression was performed
and variables with values of P , 0.1 were included
in multivariate logistic regression.

Results

The mean age of included patients was 63.9 years
(SD: 9.5). Descriptive data of included patients is
presented in Table 1. The mode of recurrence is
presented in Table 2. The overall 5-year survival for
patients in stages Dukes A and Dukes B was 73.5%.

Staining of DARPP-32 was predominantly ob-
served in the cytoplasm (Fig. 1). Percentage of cells
expressing DARPP-32 in the primary tumor (medi-
an: 85%, range: 21–100%) was significantly greater
that in tumor-free resection margin (median: 3%,
range: 0–15%; Wilcoxon’s test, Z ¼ 8.682; P ¼
0.00009). Similarly, the percentage of cells expressing
DARPP-32 in lymph node metastases (median: 90%,
range: 25–100%) was significantly greater than in the
tumor-free resection margin (median: 5%, range: 0–

Table 1 Descriptive data of included patients

Characteristics Patients, n

Sex
Female 44
Male 56

pT
T1 2
T2 21
T3 66
T4 11

pN
N0 51
N1 29
N2 20

M
M0 83
M1 17

Dukes stage
A 14
B 33
C 36
D 17

Peritoneal carcinosis
Yes 9
No 91

Differentiation
G1 42
G2 47
G3 11

Localization
Cecum 8
Ascending colon 7
Hepatic flexure 5
Transverse colon 7
Splenic flexure 3
Descending colon 3
Sygmoid colon 19
Rectosygmoid 10
Rectum 38

Table 2 Number of recurrences according to Dukes stage

Dukes
stage

Patients,
n

Hepatic
recurrence/progression,

n
Extrahepatic,

n

A 14 1 0
B 33 6 0
C 36 12 2
D 17 11* 4

* Progression of hepatic metastases.

Fig. 1 Immunohistochemical staining of the colorectal cancer

(T3N0M0). Predominantly cytoplasmatic staining is clearly

observed. Magnification 3400.
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15%; Wilcoxon’s test, Z ¼ 6.093; P ¼ 0.00009). There
was a statistically significant correlation in DARPP-
32 expression between primary tumor and lymph
node metastases (P ¼ 0.0001).

The percentage of DARPP-32 positive tumor cells
in the primary tumor was significantly greater in
patients with distant metastases (median: 92%,
range: 71–100%) compared with patients with no
distant metastases (median 84%; range: 21–100%;
Mann-Whitney U test: U ¼ 369.5; P ¼ 0.002). There
was no statistically significant difference in the
expression of DARPP-32 in the primary tumor
according to pT, pN, sex, peritoneal dissemination,
vascular and perineural invasion, and tumor differ-
entiation.

In univariate logistic regression analysis, only
DARPP-32 expression and pathological N stage
were found to be statistically significant predictors
of distant metastases, while pathological T stage,
vascular invasion, perineural invasion, peritoneal
dissemination, and tumor differentiation were not
found to be significant predictors of distant metas-
tases (Table 3). When statistically significant predic-
tors of distant metastases (P values less than 0.1)
were fitted into multivariate regression analysis,
significant influence of DARPP-32 expression was
observed (Table 4).

The cutoff value of DARPP-32 expression in the
primary tumor that best separates patients accord-
ing to overall survival was calculated using the
method described by Budczies.22 This method
determines the cutoff value that has the highest
accuracy, as calculated from sensitivity and speci-
ficity. According to the results of this analysis, cutoff
value was determined to be 76.5% (hazard ratio:
3.33, 95% confidence interval [CI]: 1.48–7.49).

Overall survival (OS) was significantly greater for
patients with DARPP-32 expression in the primary
tumor lower or equal to 76.5% (log-rank test,
P¼0.001; Fig. 2A). Similarly, disease-free survival
(DFS) was significantly greater for patients with
DARPP-32 expression in the primary tumor lower
or equal to 76.5% (log-rank test, P ¼ 0.002; Fig. 2B).

When only patients with Dukes A and B stages
were analyzed, both OS and DFS were significantly
greater for patients with DARPP-32 expression in
the primary tumor lower or equal to 76.5% (log-rank
test, P ¼ 0.037 and P ¼ 0.036, respectively; Fig. 3).

Discussion

Nearly half of the patients who undergo a poten-
tially curative resection of colorectal cancer will
relapse because of microscopic residual disease not
detected at the time of the original operation.23 One
of the main problems in the treatment of patients
with colorectal carcinoma is the identification of
patients with such occult metastases that may
benefit from adjuvant chemotherapy.24 The criteria
that select patients at high risk of recurrence, and
hence, for consideration of adjuvant therapy, are
enormously important since it is when cancer is
microscopic that chemotherapy may be curative.25

To date, the most useful criterion that predicts
residual microscopic disease is the presence of
lymph-node metastases, although other criteria such
as vascular invasion, lymphatic invasion, size of the
tumor, and differentiation of the tumor may also be
important.26

Adjuvant chemotherapy can reduce relapse rate
by 40% and decrease mortality by 33% in patients
with Dukes C stage colon carcinoma.27 In spite of
that, one-third to one-half of the patients with Dukes
C colon carcinoma live 5 years without adjuvant
chemotherapy. In addition, approximately one-third
of the patients with Dukes B stage colon carcinoma
will develop a relapse or metastases.28 Results from
an analysis of pooled data from 7 randomized trials
did not demonstrate overall survival benefit of

Table 3 Univariate logistic regression analysis of different predictors

for distant metastases

Coef. SE OR 95% CI P

DARPP-32
expression in the
primary tumor 0.093 0.037 1.10 1.03–1.19 0.013

pT 0.908 0.488 2.48 1.00–6.83 0.062
pN 0.800 0.337 2.23 1.16–4.42 0.017
Peritoneal

dissemination 16.095 1318.727 0.00 0.00–0.00 0.995
Vascular invasion 1.011 0.765 2.75 0.53–11.79 0.186
Perineural invasion 0.027 0.825 0.97 0.14–4.19 0.974
Differentiation –0.292 0.419 0.75 0.31–1.66 0.486

Coef., coefficient of regression; pN, pathological N stage; pT,
pathological T stage.

Table 4 Multivariate logistic regression analysis of different predictors

for distant metastases

Coef. SE OR 95% CI P

DARPP-32
expression in the
primary tumor 0.09156 0.04032 1.10 1.03–1.20 0.023

pT 0.87378 0.63950 2.40 0.74–9.37 0.172
pN 0.48798 0.41011 1.63 0.73–3.71 0.234
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adding 5-FU–based adjuvant therapy to patients
with resected stage II colon cancer.29 Similarly, an
analysis of outcomes of patients with stage II disease
based on whether or not they had received adjuvant
chemotherapy showed no statistically significant
difference in 5-year OS between the groups (78%
versus 75%, respectively), with an HR for survival of
0.91 (95% CI: 0.77–1.09) when patients receiving
adjuvant treatment were compared with untreated
patients.30 This primarily indicates that patient
selection for adjuvant therapy is not optimal.

The current definition of high-risk stage II colon
cancer is clearly inadequate, in that many high-risk
patients do not have a recurrence while some
average-risk patients do.31 Thus, it is important to
search for a more accurate identification of patients
with occult metastases in whom the adjuvant
chemotherapy will have an effect. This clearly
represents the rationale for continuous search for
better survival predictors, especially for patients
with stage II colorectal cancer.

Multiple in vitro and in vivo studies have found
DARPP-32 (as well as its isoform t-DARPP) to be
overexpressed in breast, prostate, colon, and gastric
cancers32 associated with reduced apoptosis33,34 and
resistance to chemotherapy.14,35–37 However, it is
important to note that DARPP-32 effects on cancer
cells are under debate. On one side, data from breast
cancer suggest that its expression is associated with
reduced invasion and thus with reduced metastatic
potential.38 On the other side, data from gastric

cancer involve this protein in the chemoresistance
process.14,39 So, it seems that the type of tumor
histology is critical in addressing DARPP-32 effects
on cancer cells because we can observe opposite
effects.

In the study of Wang et al.,20 statistical analysis
showed no significant correlation between the
expression of DARPP-32 and the differentiation,
metastasis, and Dukes’ stage of the colorectal
carcinoma, which may be due to the small number
of samples since only 33 carcinoma specimens were
evaluated. The results from this study also failed to
demonstrate significant correlation of DARPP-32
expression and Dukes’ stage. However, the results
of this study clearly demonstrate that DARPP-32
expression in the primary tumor was greater in
patients with lymph node metastases compared
with patients without lymph node metastases. The
expression of DARPP-32 was also statistically
significantly greater in patients with distant metas-
tases compared with patients without distant
metastases. Formation of distant, hematogenous
metastases is a complex process—which favors the
selection of tumor clones with the ability to separate
from the main tumor mass, survive in the blood-
stream and grow in distant organs—that requires
tumor cells to acquire certain phenotypic fea-
tures.40,41 Therefore, these results support the theory
that increased DARPP-32 expression could present a
feature of the tumor with increased biological
capability of dissemination, since all patients with

Fig. 2 OS and DFS according to

DARPP-32 expression.

Fig. 3 OS and DFS according to

DARPP-32 expression for Dukes A and

B patients. The overall survival for

Dukes A and B patients was 73.5%.
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distant metastases in this study had more than 70%
of tumor cells expressing DARPP-32.

To determine the significance of DARPP-32
expression as a factor that identifies biologically
aggressive growth of the colorectal carcinoma, the
regression analysis was performed to assess the
influence of several clinical and pathohistological
features on the presence of distant metastases. The
results in this study confirm that only the expression
of DARPP-32 in the primary tumor and the presence
of regional lymph nodes metastases (pN grade) are
statistically significant predictors of distant metas-
tases. Additional analysis demonstrated statistically
significant and independent effects of both DARPP-
32 expression and regional lymph nodes metastases
on the presence of distant metastases. Also, DARPP-
32 expression in the primary tumor was predictive
for disease-free survival in all patients, as well as in
a subgroup of patients with Dukes A and B stages.
The findings of this study, therefore, may have
important clinical implications.

Expression of DARRP-32 in the primary tumor
may have a significant impact on adjuvant treat-
ment of node negative patients. According to
current NCCN guidelines,3 patients with T1-2 N0
M0 tumors are not candidates for adjuvant chemo-
therapy, and neither are some patients with T3 N0
M0 colon cancer unless poor prognostic features
are present (e.g. poorly differentiated histology,
lymphatic/vascular invasion, bowel obstruction,
perineural invasion, localized perforation and
close, indeterminate, or positive margins). Current-
ly, the benefit of adjuvant chemotherapy for stage II
colon cancer is only about 5%,42,43 and this may
well be improved by better patient selection,
possibly by using DARPP-32 as one of the
indicators for adjuvant treatment in node negative
patients.

It is not likely that DARPP-32, as a possible
prognostic factor, would influence the choice of
neoadjuvant chemotherapy, since the role of neo-
adjuvant treatment is to downsize and possibly
downstage advanced tumors prior to surgery.
Possible significance of neoadjuvant treatment for
colorectal cancer patients, based on high expression
of DARPP-32, will have to be evaluated in further
clinical trials.

If future research finds DARPP-32 to be associat-
ed with chemoresistance in colorectal cancer, that
would most likely preclude certain lines of chemo-
therapy. However, the resistance to chemotherapy
may not be general, but only related to some
chemotherapeutics or lines of chemotherapy. Since

node negative colorectal cancer patients are current-
ly not considered for systemic treatment as it is,
chemoresistance could probably play a significant
role only in the case of disease progression (local
recurrence or distant metastases).

The results of this study indicate that DARPP-32
may be the potential marker of worse prognosis and
perhaps a valuable tool for managing further
treatment in patients with colorectal cancer. We
believe that reporting these preliminary data is of
great importance in reaching broad scientific com-
munity. Bases on the results of this study, further
prospective randomized trials are needed to prop-
erly evaluate the impact of DARPP-32 expression in
prediction of distant metastases in patients with
colorectal cancer.
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