
232

pISSN 2288-6575 • eISSN 2288-6796

http://dx.doi.org/10.4174/astr.2014.87.5.232

Annals of Surgical Treatment and Research

ORIGINAL ARTICLE

Comparison of putative circulating cancer stem cell 
detection between the hepatic portal system and 
peripheral blood in colorectal cancer patients

Byung Soo Park1,2, Seok Yun Jung3, Sang Mo Kwon3, Jae Ho Bae4, Sun Min Lee5, Dong Hoon Shin6, 
Gyung Mo Son1,2

1Department of Surgery, Pusan National University Yangsan Hospital, Yangsan, 2Research Institute for Convergence of Biomedical 
Science and Technology, Pusan National University Yangsan Hospital, Yangsan, 3Department of Physiology, Pusan National 
University School of Medicine, Yangsan, 4Department of Biochemistry, Pusan National University School of Medicine, Yangsan, 
5Department of Laboratory Medicine, Pusan National University Yangsan Hospital, Yangsan, 6Department of Pathology, Pusan 
National University Yangsan Hospital, Yangsan, Korea

INTRODUCTION
Colorectal cancer is the third most common cancer in the 

wor ld, and the mortality rate is also the third highest [1,2]. 
Circulating tumor cells (CTC) from the primary cancer can 

play an important role in distant metastasis via hematogenous 
spread [3]. Most CTCs are destroyed by the physical suppression 
of harsh environment in the circulatory system and the atta-
ck of immune cells. However, a little amount of CTC can sur-
vive, migrate to distant organs, and lead to metastasis [4]. In 

Purpose: The present pilot study was conducted to detect putative cancer stem cell (CSC) from the hepatic portal system 
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Methods: Laboratory study was performed to identify the expression of cell surface markers, epithelial cell adhesion 
molecule (EpCAM), cytokeratin (CK) 18, CK20, CD44, and CD133, on several colon cancer cell lines. Clinical pilot study was 
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particular, the cancer stem cells (CSC) among CTC are known 
to be responsible for distant metastasis, which accounts for 
about 2.5% of the tumor cells [5]. The CSC can engage not only 
in cancer initiating, but also in resisting traditional chemo-
radiation therapy. Therefore, elevation of circulating CSC in the 
blood can be related to an unfavorable prognosis for colorectal 
cancer patients [6]. Nevertheless, the definite features and 
the detection methods of circulating CSC have not yet been 
clarified [7].

To date, the flow cytometry and real-time reverse trans-
cription polymerase chain reaction (RT-PCR) with several 
biomarkers have been used for the detection of circulating 
CSC. There is no identification method more reliable than 
others. The CellSearch system, approved by Food and Drug 
Administration, has been utilized for CTC detection, whereas 
there is a lack of more reliable detection method for circulating 
CSC [8]. Currently, the combination of biomarkers using CD133, 
epithelial cell adhesion molecule (EpCAM), Lgr-5, etc., has been 
investigated to precisely detect actual CSCs [7].

It is still very challenging to detect circulating CSC by current 
detection techniques, due to its rareness [5]. Circulating CSC 
might be expected to exist and detected more in the hepatic 
portal system than in the peripheral blood, due to direct 
drainage of the blood from colon cancer. However, there have 
been few studies on CSC detection methods of using blood in 
the hepatic portal system.

The present pilot study was conducted to detect putative CSC 
by using CD133 and EpCAM, known as the stem cell biomarker, 
from the hepatic portal system in the colorectal cancer patients, 
and to verify the diagnostic value by comparing to the cell 
counts from the peripheral blood. In addition, the authors 
compared them to healthy donor and diverticulitis patients, to 
weigh cancer-specificity of the method by stem cell biomarker.

METHODS
First, a laboratory study was conducted with several colon 

cancer cell lines to identify the expression pattern of cell surface 
markers. HCT-116, HT-29, SNU-C1, and SNU-C5 were utilized as 
colon cancer cell lines. In addition, EpCAM, cytokeratin (CK) 18, 
CK20, CD44, and CD133 were used as cell surface markers. All 
biomarkers were analyzed by using flow cytometry.

Subsequently, we conducted a prospective clinical pilot study 
of 10 adult patients who underwent radical colorectal resection 
for colorectal cancer from May 2012 to October 2012. There were 
5 diverticulitis patients, who underwent colon resection, and 4 
healthy donors in the control groups. The study was approved 
by Institutional Review Board of Pusan National University 
Yangsan Hospital. Written informed consent, regarding the 
use of biological specimens for investigational purposes, 
was obtained from all patients. The patients with following 

conditions were excluded from this study: undergoing emergent 
operation due to colonic obstruction or perforation, receiving 
preoperative concurrent chemo-radiation therapy, having other 
accompanying malignant tumor, requiring palliative surgery, 
and refusing to participate in the study. The pathologic stages 
were categorized based on the American Joint Committee on 
Cancer, 7th edition.

The authors hypothesized that CD133+EpCAM+ cells among 
the mononuclear cells (peripheral blood-derived mononuclear 
cells, PBMCs) derived from peripheral blood might be the 
putative circulating CSCs. The CD133+EpCAM+ cells were 
detected in the blood samples from the peripheral vein and the 
hepatic portal system. The blood was drawn from the hepatic 
portal system during the surgery and from the peripheral vein 
one day before the surgery, during the surgery, and fifth day 
after the surgery. We approached the hepatic portal system by 
the inferior mesenteric vein in the case of rectosigmoid colon 
cancer, and by the ileocolic vein in the case of ascending colon 
cancer. The blood was drawn by using a venous catheter after 
extracting colonic tissue through the minilaparotomy site. 
Each blood sample was immediately brought to the research 
laboratory. The authors used density gradient separation, using 
Ficoll procedure, as enrichment method to extract PBMCs. We 
also utilized flow cytometry with CD133 and EpCAM staining 
as an identification method, thereafter. 

Ficoll procedure (isolation of PBMCs)
The patient’s peripheral blood was placed into Dulbecco’s 

phosphate-buffered saline at the ratio of 1:2, and it was 
transferred into Ficoll-paque PLUS (GE Healthcare Bio-Sciences 
AB, Uppsala, Sweden) to isolate the mononuclear cells. After 
the centrifugation, a buffy coat layer containing mononuclear 
cells was transferred to a new tube to be washed by 2mM 
EDTA/phosphate buffered saline (PBS). To deplete the red blood 
cells, RBC lysis solution (QIAGEN, Venlo, The Netherland) was 
added, mixed gently, and incubated at room temperature for 10 
minutes, and it was washed by using 2mM EDTA/PBS.

Flow cytometry
 To detect CD133 and EpCAM double positive CSC, the iso-

lated mononuclear cells were incubated with FcR blocking 
reagents, and the mixture was stained using anti-EpCAM FITC 
(BD biosciences, San Jose, CA, USA) and anti-CD133/1(AC133) PE 
(Miltenyi Biotec GmbH, Bergisch Gladbach, Germany) antibodies 
for 30 minutes at 4oC. The expressions of CD133 and EpCAM 
were quantitatively measured by FACS Calibur (BD biosciences) 
and analyzed by CellQuest software (BD biosciences).

Statistical analyses
The paired T test was used to compare the two sets of mea-

surements. The Wilcoxon signed-rank test was used to compare 
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the means of the abnormally distributed paired variables. P 
value of less than 0.05 was considered statistically significant. 
For the analyses, IBM SPSS Statistics ver. 21.0 (IBM Co., Armonk, 
NY, USA) statistical analysis software was used.

RESULTS

The laboratory study 
EpCAM expressed in whole colon cancer cell lines is shown 

on Table 1. Unexpectedly, CK18 was not expressed in any colon 
cancer cell lines, and CK20 was expressed weakly in only one 
colon cancer cell line. CD44 and CD133 were simultaneously 
expressed in 50% outs of the colon cancer cell lines.

The clinical pilot study
The characteristics of the study group and the control groups 

are described in Table 2. In the group of healthy donors, 
CD133+EpCAM+ cells were not detected in all cases (Table 3). 
For the group of colorectal cancer patients, Table 4 presents 
CD133+EpCAM+ cell count according to each case. The mean 
preoperative CD133+EpCAM+ cell count was 11.5 per 105 of 
PBMCs. All cases had more than one cell, except for the case 3, 
and over 5 cells were identified in 80% of the cases. The average 
of CD133+EpCAM+ cell counts, in the blood samples taken du-
ring the operation, were 15.4/105 PBMCs and 11.6/105 PBMCs in 
the peripheral blood and portal vein, respectively; and these 
values were not different with statistical significance (P = 0.241). 
Unexpectedly, the average CD133+EpCAM+ cell counts were hi-
gh er in the peripheral vein than in the hepatic portal system, 
according to the blood samples taken during the operation. The 
mean CD133+EpCAM+ cell counts decreased on the 7th day 
after the operation, compared to during the surgery, and the 
difference was statistically significant (P = 0.022). In the stage 
IV colon cancer patients, the mean cell counts after the surgery 
was maintained at the level of preoperative state, unlike the 
other stages. In overall, the cell counts were much higher in the 
stage IV than in the other stages (Table 5).

In the diverticulitis patients, much more CD133+EpCAM+ 
cells were detected before the surgery, compared to the co-
lo rectal cancer patients (Table 6). There was only a small 
difference in the cell counts of the blood from peripheral 
vein, between before the surgery and during the surgery (P = 
0.138). However, the intraoperative cell counts from the portal 
vein were significantly lower compared to the peripheral vein 
(12.8/105 PBMCs vs. 120.5/105 PBMCs, P = 0.043). Finally, the 
calculated CD133+EpCAM+ cell counts dropped near to zero on 
the 5th day after the operation.

The box plot clearly shows the changes in CD133+EpCAM+ 
cell counts of the study group and the control group (Figs. 1, 2). 
In addition, Figs. 3 and 4 indicates the flow of the cell counts 
with lines. The CD133+EpCAM+ cells decreased in both group, 
and diverticulitis patient group showed sharper decrease over 

Table 1. The relationships between cell surface marker and 
several cancer cell lines

Colon cancer 
cell lines

Cell surface markers

EpCAM CK18 CK20 CD44 CD133

HCT-116 ++ − − − −
HT-29 ++ − − ++ +
SNU-C1 ++ − + − −
SNU-C5 ++ − − ++ +

EpCAM, epithelial cell adhesion molecule; CK, cytokeratin; ++, 
expressed strongly; +, expressed weakly; −, not expressed.

Table 2. Characteristics of the study group and the control 
group

Characteristic
Colorectal 

cancer group 
(n = 10)

Diverticulitis 
group 
(n = 5)

Healthy 
group 
(n = 4)

Sex
  Male/female 6/4 3/2 3/1
Age (yr) 63.8 ± 9.0 51.8 ± 17.0 31.5 ± 1.3
Stage
  I 3 (30)
  II 2 (20)
  III 3 (30)
  IV 2 (20)
Locati
  Ascending colon 1 (10) 4 (80)
  Sigmoid colon 2 (20) 1 (20)
  Rectum 7 (70) 0 (0)
Operation
  Laparoscopic RHC 1 (10) 3 (60)
  RHC 0 (0) 1 (20)
  Laparoscopic AR 2 (20) 1 (20)
  Laparoscopic LAR 7 (70) 0 (0)

Values are presented as mean ± standard deviation or number 
(%). 
RHC, right hemicolectomy; AR, anterior resection; LAR, low 
anterior resection.

Table 3. Circulating CD133+EpCAM+ cell counts in the 
healthy group

Case No. Calculated cell counts of CD133+EpCAM+

1 0.24
2 0.04
3 0.13
4 0.10
Total 0.13 ± 0.09a)

The cell counts means converted number per 105 peripheral 
blood-derived mononuclear cells.
EpCAM, epithelial cell adhesion molecule.
a)Mean ± standard deviation.
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time compared to the colorectal patient group. 

DISCUSSION
CSC is a specific small population that can initiate tumor 

grow th and sustain self-renewal. It is related to distant me-
tastasis of colorectal cancer or tumor recurrence, and may resist 

traditional chemotherapy and radiotherapy [5]. The currently 
used promising detection methods for CSC are based on 
stem cell specific biomarker. It has been reported that some 
biomarkers such as CD133, CD44, CD24, CD166, Lgr-5, aldehyde 
dehydrogenase 1, and EpCAM are effective and useful for 
the detection of CSC. The combination of these can be more 
valuable in identifying CSC [7].

Byung Soo Park, et al: Comparison of CSCs between hepatic portal system and peripheral blood

Table 4. Circulating CD133+EpCAM+ cell counts in the colorectal cancer patients

Case No. Stage
Calculated cell counts of CD133+EpCAM+

Preoperative Intraoperative (peripheral vein) Intraoperative (mesenteric vein) Postoperative

1 I 14.4 28.6 36.9 1.5
2 IV 12.8 57.4 27.0 18.9
3 IIA 0.2 0.1 0.2 0.0
4 IIIB 11.0 9.1 4.4 2.6
5 IIIB 1.9 1.7 0.6 1.6
6 I 9.0 7.6 1.5 0.0
7 I 16.5 7.8 8.2 4.1
8 IIB 26.0 7.5 5.0 3.6
9 IV 15.0 25.0 27.0 12.0
10 IIIB 8.5 9.1 5.2 1.0
Total 11.5 ± 7.4a) 15.4 ± 17.3a) 11.6 ± 13.4a) 4.5 ± 6.1a)

The cell counts means converted number per 105 peripheral blood-derived mononuclear cells.
EpCAM, epithelial cell adhesion molecule.
a)Mean ± standard deviation.

Table 5. Circulating CD133+EpCAM+ cell counts according to stage

Stage
Calculated cell counts of CD133+EpCAM+

Preoperative Intraoperative (peripheral vein) Intraoperative (mesenteric vein) POD 5

I (n = 3) 13.3 ± 3.9 14.7 ± 12.1 15.5 ± 18.8 1.9 ± 2.1
II (n = 2) 13.1 ± 18.3 3.8 ± 5.2 2.6 ± 3.4 1.8 ± 2.55
III (n = 3) 7.1 ± 4.7 6.6 ± 4.2 3.4 ± 2.4 1.7 ± 0.8
IV (n = 2) 13.9 ± 1.5 41.2 ± 22.9 27.0 ± 0 15.5 ± 4.9

Values are presented as mean ± standard deviation.
The cell counts means converted number per 105 peripheral blood-derived mononuclear cells.
EpCAM, epithelial cell adhesion molecule; POD, postoperative day.

Table 6. Circulating CD133+EpCAM+ cell counts in the diverticulitis patients

Case No.
Calculated cell counts of CD133+EpCAM+

Preoperative Intraoperative (peripheral vein) Intraoperative (mesenteric vein) POD 5

1 105.0 65.2 10.0 0
2 327.8 327.6 18.4 0.9
3 0.7 2.8 0.4 0
4 32.0 28.1 20.0 0
5 210.7 180.0 15.4 5.4
Total 135.2 ± 134.6a) 120.5 ± 134.2a) 12.8 ± 7.9a) 1.3 ± 2.3a)

The cell counts means converted number per 105 peripheral blood-derived mononuclear cells.
EpCAM, epithelial cell adhesion molecule; POD, postoperative day.
a)Mean ± standard deviation.
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CD133 was first discovered as a biomarker for normal human 
hematopoietic stem cell, which was known as prominin-1 [9]. 
It is believed to be an indicator of tumor initiating cell and 
one of the key stem cell surface markers of colorectal cancer. 
The mechanism has not been revealed concretely hitherto. It 
is thought to play a role in contact formation from cell to cell 
or from cell to matrix. In particular, CD133 cell is proficient 
in interacting with carcinoma associated fibroblast. Thus, it 
is more tumorigenic and invasive. Although there have been 
controversies surrounding the CD133 cell representing CSC, 
the CD133 is the most promising biomarker for CSC [10]. There 

have been studies reporting that high CD133+ cells in the blood 
were associated with unfavorable prognosis of colorectal cancer 
patients [9,11].

EpCAM was first described as antigen-generating specific 
antibodies after immunization of mice with colorectal cancer 
cells [12]. Some normal epithelia and malignant cells can 
overexpress EpCAM which can be expressed not only in 
epithelial cells but in various tissue stem cells and precursors 
[12,13]. Later in 2008, it was identified as a marker for human 
embryonic stem cells, and it has been known as a tumor 
initiating marker. It is thought to target Wnt/b-catenin signaling 
pathway which is key pathway in CSC and normal adult stem 
cells [14].

According to our laboratory study, EpCAM was expressed in 
all colon cancer cell lines, and 50% was in CD133 and CD44. 
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Fig. 1. EpCAM+CD133+ cell count according to the period 
of colorectal cancer patients (n = 10). EpCAM, epithelial 
cell adhesion molecule; PBMC, peripheral blood-derived 
mononuclear cell; POD, postoperative day.

Fig. 2. EpCAM+CD133+ cell count according to the period of 
diverticulitis patients (n = 5). EpCAM, epithelial cell adhesion 
molecule; PBMC, peripheral blood-derived mononuclear 
cell; POD, postoperative day.
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Fig. 3. EpCAM+CD133+ cell count flows of colorectal cancer 
patients (n = 10) (The dotted line represents the mean value). 
EpCAM, epithelial cell adhesion molecule; PBMC, peripheral 
blood-derived mononuclear cell; POD, postoperative day.

Fig. 4. EpCAM+CD133+ cell count flows of diverticulitis 
patients (n = 5) (The dotted line represents the mean value). 
EpCAM, epithelial cell adhesion molecule; PBMC, peripheral 
blood-derived mononuclear cell; POD, postoperative day.
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Both CD44 and CD133 are useful biomarkers for the detection 
of stem cell. Therefore, it is speculated that stem cell-like 
phenotype may be predominant in the cell lines commonly 
expressed by CD44 and CD133. Unexpectedly, cytokeratins such 
as CK18 and CK20, which are known as a significant biomarkers 
related to colon cancer, were expressed in just a small portion 
of below 25% of the cell lines. Finally, to isolate putative CSC, 
we combined CD133 which has been known as one of the 
most significant biomarker for CSC until now, and EpCAM 
which was strongly associated with colon cancer cell lines in 
the study. We examined the differences in putative CSC counts 
according to the detection sites of the hepatic portal system vs. 
peripheral vein. In addition, we compared CD133+EpCAM+ cell 
counts of colorectal cancer patients to diverticulitis patients, 
and categorized by the preoperative, intraoperative, and 
postoperative periods.

The intraoperative CD133+EpCAM+ cell counts were not 
statistically different between the peripheral vein and the 
hepatic portal system. When we designed the study, we 
assumed to detect more putative CSCs from the hepatic portal 
system. Unexpectedly, the study showed that they were not 
significantly different; but, the peripheral vein rather contained 
more CD133+EpCAM+ cells than the hepatic portal system. 
Therefore, we may not have benefitted from obtaining cells 
from the hepatic portal system. There have been studies 
on detecting the difference between mesenteric vein and 
peripheral vein by using putative CTC. Park et al. [15] observed 
that the expression rates in CEA and CK20 mRNA, which are 
known as biomarkers for CTC, did not greatly differ between 
the peripheral vein and the inferior mesenteric vein, and 
this was similar to our results. However, in contrast to our 
experiment, Koch et al. [16] reported of significantly higher 
detection rate for putative CTC in mesenteric vein than in 
peripheral vein, by using CK20 RT-PCR.

Putative CSC numbers of peripheral vein were not statistically 
different between the preoperative and the intraoperative 
periods. On the contrary, they were significantly decreased 
after the surgery, which is probably because the origins were 
removed. However, most of them did not reach to zero. The 
results suggest that a few CSCs steadily escaped into vascular 
system over a long time, and they might be accumulated in 
the blood vessel. It was definitely distinct from the colonic 
diverticulitis patients in this study.

Surprisingly, CD133+EpCAM+ cells were detected much more 
in the diverticulitis patients of control group. Perforated di-
verticulitis requiring surgery can cause severe inflammation of 
the bowel wall. It may trigger intestinal stem cell, located in the 
crypt base, to spur out into the blood vessel. Furthermore, the 
cell counts were ten times higher in the peripheral vein than 
in the hepatic portal system. The results were quite distinct 
from the colon cancer patients, in which the cell counts were 

at most 1.5 times higher. As for diverticulitis, stem cells located 
in colonic crypt may sprout out into the blood vessel, especially 
under an acute inflammation. After surgery, the source of the 
inflammation is removed. Few studies on the comparison of 
CSC between colorectal cancer and benign colonic disease have 
been found in the literature. Pantel et al. [17] have reported 
that cell search system could detect pseudo-CTCs in the 
benign colonic disease. Hardingham et al. [18] also showed 
the similar result to Pantel et al. [17], by using RT-PCR. Both of 
them speculated that the reason was inflammation induced by 
benign colonic disease, which was similar to our result.

Going back to the colorectal cancer patients, it can be con-
sidered that a part of CD133+EpCAM+ cells in the colorectal 
cancer patients may be normal stem cells instead of putative 
CSCs, as in the diverticulitis patients [19]. The normal stem cells 
in the colonic crypt might have been peeled off and spilled, 
with inflammation caused by cancer cells similar to benign 
colonic disease. Therefore, it is essential to evolve examination 
techniques to achieve a definite method that can clearly 
distinguish the circulating CSC from the normal stem cell.

According to this study, CSC detection method using CD133 
and EpCAM has several limitations to be adopted as a specific 
marker for CSC. There were false positives in detecting 
CD133+EpCAM+ cells in the colonic diverticulitis. However, 
CD133+EpCAM+ cell counts were remarkably different between 
the colon cancer patients and the healthy donors. Furthermore, 
the cell variations among the preoperative, intraoperative, and 
postoperative state were quite distinct between the cancer 
patients and the diverticulitis patients. These indicate that the 
method has a certain value in detecting CSC, even though the 
CSC cannot be distinguished definitely from the normal stem 
cell through this detection method. If more valuable detection 
methods are developed after further investigation, it can greatly 
help by providing a tailored treatment and better prognosis.

The primary limitation of this study is the small sample size 
as a pilot study. However, we drew blood four times for each 
patient, so blood samples were extracted and evaluated in a 
total of about fifty times. Furthermore, we reasonably consider 
that our study provides appropriate method for consistency 
and reproducibility, because the results from the study groups 
were consistent according to study group. Another limitation 
of this study is that the detected CD133+EpCAM+ cells could 
be not confirmed as CSC, by using cytomorphologic evaluation 
with confocal microscopy (The results was not presented in this 
paper). Moreover, it has been known that a certain CD133− cells 
might contain the characteristics of CSC. As we reviewed, the 
precision of our methods was reliable, but the accuracy is not 
definitive. However, to date, the method to confirm CSC has not 
been developed yet. The other limitation is that the methods 
used in this study required a lot of time and labor. Thus, it is 
too hard to be adopted in the actual clinical situation. For the 
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future prospective study, investigations including automatic 
detection system are needed, once the technology becomes 
available in this field.

In conclusion, the numbers of putative CSC were not statis-
tically different between the detection sites of the portal vein 
vs. peripheral vein, in the colon cancer patients. Therefore, we 
may not have benefitted by obtaining cells from the hepatic 
portal system. In addition, the CD133+EpCAM+ cells in the 
colon cancer patients might contain normal stem cells from 
cancer inflammation similar to diverticulitis. More studies 
should be required on developing specific methods for the 
detection CSC.
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