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ABSTRACT 
 

Objective: Stanniocalcin-1 (STC-1), a kind of glycoprotein hormone, is universally up-regulated in various tumor 
tissues compared to corresponding normal tissues, suggesting it may be used as a tumor marker, whilst disseminated 
tumor cells usually exist in peripheral blood. The aim of this study is to investigate the mRNA expression STC-1 in 
peripheral blood of colorectal cancer (CRC) and analyze its clinicopathological significance. 

Methods: The peripheral blood mononuclear cells (PBMNCs) were isolated from 78 CRC patients and 33 
cancer-free controls. The expression status of STC-1 mRNA in PBMNCs was assessed by RT-PCR, its correlation with 
clinicopathological parameters and 5-year overall survival was analyzed as well. 

Results: In the 78 blood samples from CRC patients, 33 (42.31%) showed positive expression of STC-1 mRNA, 
and all of 15 gastrointestinal tumor tissues were positive for STC-1 mRNA. In contrast, all the blood samples from 14 
healthy donors and 19 patients with inflammatory gastrointestinal disease were negative. Furthermore, STC-1 mRNA 
expression status was associated with patients’ advanced stage, distant metastasis and shortened overall survival. 

Conclusion: The detection of STC-1 mRNA in peripheral blood by RT-PCR was highly sensitive and specific for 
the patients with CRC. STC-1 mRNA may be a potential biomarker for detecting tumor micrometastasis and predicting 
prognosis. 
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INTRODUCTION 
 
Colorectal cancer (CRC) is one of the most 

common and deadly malignancies worldwide. Even 
though primary foci and metastases are ablated and 
routine pathological detection is judged negative, 
many patients eventually die of the metastasis and 
recurrence of cancer. The reason for this is tumor 
micrometastasis: during the prophase of 
malignancy, a few tumor cells from the original 
region may disseminate into lymph, marrow, blood 
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and distant organs and survive without clinical 
representation, and undetected by normal 
methods[1]. Micrometastasis of tumor cells in 
peripheral blood is an important initiative step for 
metastasis and tumor recurrence; its existence as a 
significant but compelling prognostic factor has 
been increasingly reported[2]. Although detection 
of micrometastasis could greatly improve the 
survival rate of patients, there is currently no 
appropriate biomarker for practical clinical use.  

Stanniocalcin-1 (STC-1) is a kind of 
glycoprotein hormone, first found in bony fish and 
later in human and mammals, with a highly 
conserved homology. Its primary function in fish is 
to prevent hypercalcemia and stimulate phosphate 
reabsorption[3]; in mammals, it seems to play a role 
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in many cellular processes[4–6]. Intriguingly, STC-1 
has a close association with the occurrence and 
development of human carcinomas[7]. Though 
negative in the marrow and blood of cancer-free 
humans, STC-1 expression levels are universally 
much higher in tumor tissues and cancer cell lines 
than in corresponding normal tissues, which 
suggests that STC-1 may be useful as a tumor 
marker[8, 9]. Recently, RT-PCR has been found to be 
a sensitive method of detecting the expression of 
tumor-specific mRNA in peripheral blood, marrow 
and lymph[10, 11], allowing the detection of a very 
small number of malignant cells from a sample of 
~107 monocytes. Thus, we detected the expression 
of STC-1 mRNA using RT-PCR in the peripheral 
blood of CRC patients, and investigated its relation 
with CRC micrometastasis and prognosis.  

1 11111 
 

PATIENTS AND METHODS 
 

Patients  
 

A total of 78 peripheral blood samples from 
patients with CRC were obtained at the Affiliated 
Zhongda Hospital of Southeast University between 
September 2002 and January 2004. None received 
prior treatment, such as surgery, chemotherapy or 
radiotherapy. The age of the patients ranged from 
33 to 78 with a median age of 61 and an average 
age of 61.3. Histological classification was 
conducted according to the 2000 WHO 
classification system for tumors of digestive 
system, and tumor stage was determined according 
to the 2002 TNM staging guidelines suggested by 
the American Joint Committee on Cancer and the 
Union International Contre le Cancer (UICC). 
Blood samples from 14 healthy volunteers and 19 
patients with inflammatory colorectal diseases 
were collected as a negative control, and 15 fresh 
tumor tissues from gastrointestinal cancer patients 
were obtained as a positive control. Ethical 
approval from the hospital, and fully informed 
consent from all patients was obtained prior to 
sample collection. The follow-up data were 
available for 63 patients, and follow-up periods for 
survivors ranged from 3 to 60 months, with a 
median follow-up time of 42 months. 
 
Specimen Treatment 
 

Five milliliters of peripheral blood was 
collected from each patient described above on the 
next day after admission. The blood samples were 
kept in a 4°C refrigerator with the presence of 

anticoagulant for no longer than 2 h. The 
peripheral blood mononuclear cells (PBMNCs) 
were isolated using Lymphocyte Separation 
Medium (Sigma, St. Louis, USA) according to the 
manufacturer’s protocol. PBMNCs and tumor 
tissues were stored at –80°C until use. 
 
RNA Extraction and RT- PCR Reaction 
 

Total RNA extraction from PBMNCs or tumor 
tissues was performed using Trizol reagent 
(Invitrogen, Carlsbad, CA, USA). Reverse 
transcription reaction (RT) was performed using 
2μg of total RNA with a first strand cDNA kit 
(Takara, Shiga, Japan). Polymerase chain reaction 
(PCR) was performed in 25μl final volume 
containing 2.5μl PCR buffer, 5μl cDNA template, 
20 pM of each primer and 0.75U Taq DNA 
polymerase (Takara). The primers and PCR 
amplification conditions are listed in Table 1. PCR 
products were analyzed by electrophoresis on 1.8% 
agarose gels containing ethidium bromide. 
 
Statistical Analysis  
 

Statistical analyses were performed using SPSS 
12.0 statistical software (SPSS Inc., Chicago, IL). 
Differences in frequency were assessed by 
Chi-square test or Fisher’s exact test. The cum 
survival curves were calculated using the 
Kaplan-Meier method and differences in the 
survival rates were analyzed using the log-rank test. 
P<0.05 was considered statistically significant.  

 
 

RESULTS 
 
STC-1 mRNA Expression Profile 
 

Of the 78 blood samples collected from primary 
CRC patients, 33 (42.31%) showed positive 
expressions of STC-1 mRNA. All 15 gastro- 
intestinal tumor tissues were positive for STC-1 
mRNA. In contrast, all 19 blood samples collected 
from healthy donors and all 14 samples from 
patients with inflammatory gastrointestinal disease 
were negative(P<0.001). A typical agarose gel 
electrophoresis picture interpreting the RT-PCR 
results is shown in Figure 1. 
 
Clinicopathological Correlation 
 

The relationship between STC-1 mRNA 
expression status and clinicopathological features 
was analyzed according to sex, age, histological 
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type, cellular differentiation, TNM stages, lymph 
metastasis and distant metastasis. As indicated in 
Table 2, STC-1 mRNA expression status was seen 
preferentially in the cases of stage III/IV (P=0.009) 
or harboring distant metastasis (P=0.024), but there 
was no correlation with patient gender, age, 

histological type and lymph metastasis. Although 
positive rates of STC-1 mRNA were relative higher 
in poorly differentiated or undifferentiated tumors 
than in well and moderately differentiated tumors, 
no statistical significance was found. 

 
 

Table 1. List of primer sequences and amplification conditions 
 

Primer  Sequence (5’-3’) PCR conditions Product size 
f: CGTCTGGACCTGGCTGGCCGGGACC 

β-actin    
r: CTAGAAGCATTTGCGGTGGACGATG 

95°C 60 s, 60°C 60 s, 
72°C 60 s, 35 cycles 

600 bp 

f: TGAGGTCGTCCAGCTCCCAATC 
STC-1[9]   

r: GGCACAGTGGTCTGTCTGCAGGATG 
95°C 60 s, 72°C 30 s, 
72°C 60 s, 40 cycles 

172 bp 

 
 

Table 2. Association between the expression of STC-1 mRNA and clinicopathological features 
 

Stem N 
STC-1 mRNA expression  
Positive       Negative 

P value 

Sex    0.710a 
Male 43 19 24  
Female 35 14 21  

Age    0.764a 
≤ 60   37 15 22  
> 60 41 18 23  

Histological type    0.962b 
Tubular adenocarcinoma 59 26 33  
Mucinous adenocarcinoma 11 4 7  
Polypoid adenocarcinoma 3 1 2  
Others 5 2 3  

Cellular differentiation    0.133a 
Well 19 6 13  
Moderately 33 15 18  
Poor/undifferentiated 26 16 10  

Stage    0.009a* 
0−II 27 6 21  
III−IV   51 27 24  

Lymph metastasis    0.205a 
Negative 30 10 20  
Positive 48 23 25  

Distant metastasis    0.024a* 
Negative 40 12 28  
Positive 38 21 17  

Total 78 33 45  
*P<0.05;  aChi-square test;  bFisher’s exact test 

 
 
STC-1 Expression and Survival Analysis 
 

Univariate survival analyses were performed to 

investigate a possible prognostic impact of STC-1 
in colorectal cancers. There was a significant 
difference in 5-year overall survival between 
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patients showed positive or negative STC-1 mRNA 
expression in peripheral blood (P=0.030; Figure 2). 
Furthermore, the median survival in the positive 
group was 36 months, whereas in the negative 
group was 45 months (P=0.043). These results 
indicated that STC-1 expression in blood was an 
independent unfavorable prognostic factor for 
CRC.  

 
 
 
 
 
 
 
 
Figure 1. RT-PCR analysis of STC-1 mRNA expression in 
peripheral blood.  Lane 1: Result for tumor tissue.  
Lane 2: Blood of healthy volunteer.  Lanes 3–7: Blood 
samples of patients with colorectal cancer.  Lane M: 
100 bp DNA ladder marker. β-actin was used as an 
internal control. 

 
 
 
 
 
 
 

 
 

DISCUSSION 
 
 
 

Figure 2. The 5-year overall survival of CRC patients 
according to STC-1 expression. Survival curves of CRC 
patients with positive and negative STC-1 transcripts in 
blood were plotted by Kaplan-Meier method and their 
difference was evaluated by the log-rank test. There was 
significant difference in overall survival between the two 
groups (P=0.030). 

 
 

DISCUSSION 
 

Stanniocalcin-1 gene is widely expressed in a 
paracrine or autocrine fashion in various tissues, 
including the heart, lung, liver, adrenal glands, 
kidneys, prostate and ovaries[4, 12], but did not do 
so in the peripheral blood, except in pregnancy[13]. 
Niu, et al. suggested that a special elimination 
mechanism might be in the blood, leading to the 
degradation of STC-1[12].  

Mounting evidences suggest that altered 
expression of the STC-1 may have a role in human 
cancer. Enhanced STC-1 gene expression has been 
found in hepatocellular, colorectal, breast cancer, 
and medullary thyroid cancer[7,9,14]. In colon cancer, 

the levels of STC-1 expression were at least 
10-fold higher than that in normal mucosa[15]. It 
has also been found that STC-1 mRNA transcripts 
rise remarkably in the blood of tumor patients[16]. 
An analysis of blood samples obtained from 11 
patients with hepatocellular carcinoma before, 
after and during hepatectomy showed STC-1 
mRNA expression in 8 out of 11 patients at least 
one time, while normal donors’ blood samples 
(n=31) were all negative for STC-1 mRNA 
expression[9]. The possible use of STC-1 
expression levels for the diagnosis of breast cancer 
and leukemia has also been proposed[17,18]. 

Our results indicated that the positive rate of 
STC-1 mRNA, detected by RT-PCR in the 
peripheral blood from 78 patients with colorectal 
cancer in this experiment, was 42.31% (33/78), 
while in the control samples from 14 healthy 
volunteers and 19 patients with inflammatory 
gastrointestinal diseases, none showed the 
expression of STC-1 mRNA. The sensitivity and 
specificity were satisfactory compared with the 
commonly used biomarkers of colorectal cancer, 
such as carcinoembryonic antigen (CEA), or 
CA19-9[19], thus STC-1 mRNA detected in the 
blood may be a promising molecular marker for 
colorectal cancer. Even in patients who had no 
lymph metastasis or distant metastasis, the positive 
rates of STC-1 transcripts were as high as 33.3% 
and 30%, respectively. Because colorectal cancer is 
a systemic disease, when a malignancy is tiny and 
still in the suspect state, cancer cells may enter the 
bloodstream. Clinicians should therefore consider 
the possibility of micrometastasis if STC-1 mRNA 
transcripts are detected in the peripheral blood.  

Furthermore, we found that patients in stages 
III–IV had higher positive rates of STC-1 
expression than those in stages I-II, and STC-1 
expression in the peripheral blood was 
significantly related with distant metastasis and 
lower 5-year overall survival, while not related 
with the sex, age, histological type, cellular 
differentiation or lymph metastasis. We therefore 
thought that checking STC-1 mRNA transcripts in 
the peripheral blood possibly not only warn of 
malignant tumors, but also hint of advanced stage 
and unfavorable prognosis. Our study found no 
statistical significance with regard to cellular 
differentiation and lymph metastasis, which may be 
due to small sample size.  

Regrettably, little is known about STC-1 
signaling and its functions in cancer progression, 
although roles in calcium and phosphate 
homeostasis and ovarian function have been 
suggested[20, 21]. However, STC-1 is up-regulated in 
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endothelial cells undergoing tubulogenesis[22], and 
intensely expressed in the vasculature of colon 
carcinomas. STC-1 expression has also been found 
to be induced by vascular endothelial growth 
factor[23] and hepatocyte growth factor[24]. 
Moreover, STC-1 regulates gene expression in 
cultured endothelial cells and is detected on the 
apical surface of endothelial cells in vivo[25], 
suggesting this novel glycoprotein might play an 
important role in one or more of the processes 
associated with angiogenesis. A recent study shows 
that STC-1 targets the mitochondrial matrix to 
stimulate electron transport, uncouple oxidative 
phosphorylation and enhance mitochondrial 
calcium accumulation[26]. Thus the elevated 
expression of STC-1 during angiogenesis may play 
an additional role in the metabolic requirements of 
endothelial cells and other cells involved in the 
formation of new blood vessels. STC-1 is also 
proposed to be a tumor suppressor gene in relation 
to apoptosis. This putative role is supported by a 
high rate of loss of heterozygosity at the 
chromosomal loci at 8p11.2–p21 in many cancer 
cases, where STC-1 is localized[27]. In addition, 
STC-1 was found to be regulated by p53[28] and 
NFκB[29], which are known to be involved in the 
regulation of cell survival. Together with other 
published reports[6,7,30], the accumulated evidence 
implicates STC-1 in cellular apoptotic processes in 
human carcinogenesis. Recent evidence has shown 
that STC-1 expression is markedly increased in 
hypoxia, a common phenomenon that occurs in 
regions of most solid human tumors in the latter 
stages of carcinogenesis, and endogenous hypoxia- 
inducible factor 1 induces the expression of STC-1 
in the condition of anoxia[31], suggesting that 
STC-1 could prompt cancer cells to adapt to 
hypoxic environments. 

In summary, we found that detection of STC-1 
mRNA in the blood may be a useful molecular 
marker for colorectal cancer, particularly in the 
assessment of micrometastasis and prediction of 
prognosis. However, the mechanism of STC-1 
function is not yet clear, suggesting that additional 
study of the physiological role of STC-1 in both 
normal and cancer cells is needed.  
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