
Abstract. Background: Colorectal cancer (CRC) is one of the
most common malignancies in Western countries. One major
event during CRC development is loss of genetic material on
chromosome 18, on which the smad4/dpc4 gene is located.
SMAD4 is an important mediator of intracellular signaling in the
TGF-‚ pathway. The functional inactivation of SMAD4 has been
reported to occur in CRC. Materials and Method: The protein
expression of SMAD4 was evaluated immunohistochemically in
86 formalin-fixed and paraffin-embedded CRC samples. The
results were related to clinicopathological variables including
survival. Results: The loss of nuclear SMAD4 protein expression
was observed in 9.3% of the investigated CRCs and was correlated
to poor prognosis in univariate Kaplan-Meier (p=0.034) as well
as in multivariate Cox-regression (p=0.028) analyses. Conclusion:
The loss of nuclear SMAD4 protein expression occurs in a subset
of CRC and is associated with poor prognosis. 

Colorectal cancer (CRC) is one of the most common
malignancies in Western countries. Approximately 50% of
CRC patients die from their disease, a figure that has not
changed substantially over the last 50 years (1). This
emphasizes the need for a greater understanding of the
molecular mechanisms contributing to CRC development
and progression. CRC is the result of a long process and the
progression model from normal colonic mucosa through
hyperplastic polyps and adenomas to neoplasia is
characterized by a number of genetic events (2). Multiple
genetic hits must occur in the same cell or its descendants
and one of the major events appears to be the loss of
genetic material on chromosome 18q, typically found in late
adenomas and carcinomas (2).

Recently, the dpc4 gene, also known as the SMAD4 gene
and a member of the SMAD gene family, was identified on
chromosome 18q21 (3). SMAD genes encode intracellular
mediators of the TGF-‚ signaling pathway. Activation of the
TGF-‚ receptor by ligand binding results in the
phosphorylation of the receptor-activated SMADs (i.e.,
SMAD2 and 3) and promotes their interaction with co-
SMADs (SMAD4). Interaction of the receptor-activated
SMADs with SMAD4 is required for the heteromeric
SMAD complex to enter the nucleus and affect signaling,
indicating that SMAD4 is a critical TGF-‚ mediator and a
potential rate-limiting factor in the signaling cascade (4). 

The TGF-‚ pathway is involved in the regulation of a
variety of cellular processes, such as proliferation,
differentiation, motility and apoptosis and generally
functions as a negative regulator of cell growth (5). The loss
of TGF-‚-induced growth inhibition is often observed in
tumor cells (6) and reduced responsiveness to TGF-‚ is an
important event in colorectal carcinogenesis (7). The
resistance to TGF-‚-mediated growth inhibition in CRC is
associated with mutations in either the TGF-‚ receptor, or
in the signal transducers, the SMAD gene family (8). The
functional inactivation of SMAD4 in CRC has been
suggested to occur at late stages when tumors acquire
invasive and metastatic potential (9).

Given the importance of the TGF-‚ signaling pathway in
colon carcinogenesis as well as the critical role of SMAD4
as a TGF-‚ mediator, an immunohistochemical approach
was used to investigate the prognostic impact of nuclear
SMAD4 expression in clinical material of CRC. 

Materials and Methods

Patients and tissue specimens. Included in this study were 107 cancer
specimens, originally collected for standard pathological
diagnostics from patients undergoing potentially curative surgery
of CRC at the Department of Surgery, Umeå University Hospital
in Umeå, Sweden. Twenty-one out of the 107 specimens were
excluded due to repetitive tissue loss during the antigen retrieval
procedure or lack of positive staining in internal control stromal
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cells, leaving 86 cases for analysis. The tumor samples used in this
study were collected between 1987 and 1994, before adjuvant
chemotherapy was established as routine treatment. 

Immunohistochemical staining procedure. The specimens were fixed
in 4% formaldehyde and embedded in paraffin, according to
routine procedures at the Department of Clinical Pathology,
Umeå University Hospital. One 4-Ìm section from each specimen
was cut, dried, dewaxed and rehydrated before microwave
treatment in citrate buffer (pH 6.0) for 3 x 5 min. A semi-
automatic staining machine (Ventana ES; Ventana Inc., Tucson,
AZ, USA) was used for the immunohistochemical procedures. A
primary anti-SMAD4 monoclonal antibody (SMAD4 B-8; sc-7966;
Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA) was applied
at a concentration of 1:50. Bound antibody visualization was
performed according to the Ventana program, using a secondary
anti-mouse antibody and amino-ethylcarbazole (AEC) as the
chromogen. The slides were counterstained with hematoxylin.

Evaluation of immunohistochemical staining. The immunohisto-
chemically-labelled slides were interpreted using conventional light
microscopy and the fraction of cells staining positively in their
nucleus was semi-quantitatively evaluated using a 4-grade scale: (–)
<5%, (+) 5-10%, (++) 11-35%, (+++) >35% (10). For cells to
be classified as SMAD4-negative, they had to show no
immunoreactivity in their nuclei. In order to have an internal
positive control, the stromal cells in the proximity had to show a
clearly positive immunoreaction and cases lacking staining in the
stromal internal control cells were excluded.  

The slides were independently interpreted twice and intra-observer
disagreements were reviewed a third time followed by a conclusive
judgment. The same observer performed all the evaluations.

Statistics. In a cross tabulation, the expression of SMAD4 in
relation to clinicopathological variables was analyzed using the
Fisher’s exact test. The Kaplan-Meier survival analysis was used to
estimate the cancer-specific survival and comparisons between
groups were performed using the log-rank test. SPSS statistical
software version 12.0.1. was used for all statistical analyses and 
p-values <0.05 were considered statistically significant.

Results

A total of 86 clinical specimens were stained for SMAD4
and the fraction of positively-stained tumor nuclei was
estimated over the whole section using a 4-grade scale
spanning from negative (–) to strongly positive (+++). To
control for potential unspecific staining variability between
specimens, SMAD4 staining in tumor cells was compared to
the SMAD4 staining observed in adjacent stromal cells.
Eight (9.3%) tumors were classified as SMAD4-negative
(–), 21 (24.4%) as weakly-positive (+), 48 (55.6%) as
moderately-positive (++) and 9 (10.5%) as strongly-
positive (+++). SMAD4 expression was not significantly
related to any of the clinico-pathological variables (Table I).

The presence of nuclear SMAD4 is indicative of active
TGF-‚ signaling, whereas a loss of SMAD4 staining reflects
genetic alterations in the SMAD4 gene or in genes required

for SMAD4 expression and/or function (11). Thus, loss of
SMAD4 staining would ultimately be expected to result in
a blunted TGF-‚ response. Therefore, the prognosis of
SMAD4-negative cases was compared with that of all
SMAD4-positive cases, regardless of the staining indices. As
depicted in Figure 1, SMAD4-negative cases had a poor
prognosis compared to patients in the remaining 3
categories of SMAD4 immunoreactivity (p=0.034). Seven
out of the 8 SMAD4-negative cases were women. Although
not statistically significant, the men had a worse outcome
than the women (Table II). 
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Table I. Expression of SMAD 4 in relation to clinicopathological
characteristics.

Variable SMAD4 expression p value

– + ++ +++

Gender
Male 1 11 26 4 0.18
Female 7 10 22 5

Age, years
≤59 0 7 3 2 0.60*
60-69 2 2 17 1
70-79 4 4 17 5
80- 2 8 11 1

Localization
Right colon 3 8 21 3 0.92
Left colon 3 8 15 2
Rectum 2 5 12 4

Stage
Dukes’ A 0 3 7 1 0.079
Dukes’ B 2 9 31 4
Dukes’ C 6 9 10 4

Differentiation
Well 0 2 2 0 0.46
Moderate 7 18 39 8
Poor 1 0 1 0

Tumor type
Mucinous 3 3 11 2 0.61
Non-mucinous 5 17 30 6

Growth pattern
Pushing 3 11 28 4 0.36
Infiltrating 5 8 13 4

Lymphocytic reaction 
tumor front

Low 5 11 19 3 0.68
High 3 9 23 5

* The linear-by-linear association test.



In multivariate Cox regression analysis, SMAD4 was
again significantly associated with poor patient survival
(p=0.028) (Table II), also when including the Dukes’ stage
in the model. 

Discussion

The TGF-‚ signaling pathway plays a complex role in
tumorigenesis as it can both promote and inhibit cancer
development and progression. While originally described for
its transforming capability, TGF-‚ is also a growth inhibitor
in epithelial tissues (12). Reduced responsiveness to TGF-‚
is an important event in colorectal carcinogenesis (7) and
several studies have implicated SMAD4 in this process (13-
15). In the present study, immunohistochemistry was used
to examine the expression of nuclear SMAD4 proteins in
primary CRC. Of the 86 primary tumors assessed, 8 were
classified as SMAD4-negative (–), whereas 78 demonstrated
nuclear SMAD4 staining ranging from weak to strong. 

Normally, activation of the TGF-‚-signaling pathway
stimulates the nuclear localization of SMAD4. Defective
SMAD4 signaling results in insensitivity to TGF-‚ growth-
inhibitive signaling (16). In the present study, the absence
of SMAD4 was significantly associated with poor prognosis
in both univariate and multivariate survival analyses. 

Among the SMAD4-negative cases in our study, the vast
majority (75%) were Dukes’ C, whereas none were Dukes’
A. In contrast, only 29% of the SMAD4 reactive cases were
Dukes’ C and 14% were Dukes’ A. In addition, 62% of the
SMAD4-negative cases had an infiltrating growth pattern,
compared to 32% in the SMAD4-positive group. Thus, loss
of SMAD4 expression appears to coincide with progression

towards more advanced Dukes’ stages and an infiltrative
growth pattern. This is consistent with previous reports where
defective SMAD4 signaling has been suggested to occur when
tumors acquire invasive and metastatic potential (9).

Results from Wilentz et al. suggested that dpc4-
expression in pancreatic adenoma assessed by
immunohistochemistry reflects to a high degree dpc4-gene
alterations (17). In line with these results, the allelic loss in
18q has previously been linked to poor prognosis in Dukes’
B patients (18, 19). However, in Dukes’ C patients allelic
loss has not been associated with prognosis (18-23). The
reason for these discrepancies remains unclear, but it is
interesting that Alazzouzi et al. recently demonstrated that
low SMAD4 protein levels were a strong prognostic factor,
while allelic imbalance at 18q in the same patient material
did not correlate with prognosis (24).

The loss of SMAD4 immunostaining has different causes,
including mutations, epigenetic changes and increased
protein degradation and, thus, the immunohistochemical
evaluation of nuclear SMAD4 is not restricted to genetic
changes, but can account for all possible causes of SMAD4
deficiency. Therefore, the immunohistochemical evaluation
of nuclear SMAD4 might be a valuable tool to identify a
subset of CRC patients with poor prognosis. In addition,
immunohistochemical analysis is technically less
complicated and more widely available in routine clinical
use than genetic analysis. 
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Figure 1. Kaplan-Meier cancer-specific survival curves for 86 patients with
colorectal cancer, grouped according to their SMAD4 expression.

Table II. Results of the Cox proportional hazard model in colorectal
cancer.

Variable Relative 95% Confidence p value
risk (e‚) interval

Age* 0.99 0.96-1.04 0.97

Gender       
Male 1.00
Female 0.39 0.15-1.01 0.053

Localization
Right colon 1.00
Left colon 0.97 0.33-2.84 0.95
Rectum 2.61 0.99-6.92 0.054

Dukes’ stage
A 1.00
B 1.18 0.25-5.56 0.83
C 2.14 0.46-9.98 0.34

SMAD4
Positive 1.00
Negative 4.57 1.17-17.8 0.028

*Continuous variable



In conclusion, our results indicated that the absence of
SMAD4 in CRC is associated with a poor prognosis in both
univariate and multivariate analyses and thus confirms the
recent findings by Alazzouzi et al. (24). These results are
interesting from a clinical point of view, as loss of SMAD4
expression might be used to identify a subset of CRC
patients with a poor prognosis. To verify these findings,
further studies on more clinical materials are needed.
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