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Abstract

Background At present, the relationship between Nanog
expression and the biological behavior and prognosis of
colorectal cancer is still unclear.

Aim The purpose of this study was to evaluate the
expression and regulatory effects of Nanog in colorectal
cancer and the correlation between Nanog protein expres-
sion and the prognosis of patients with colorectal cancer.

Materials and Methods The differential expression of
genes between CD1334 tumor cells and CD133— tumor
cells were detected using RT? Profiler™ PCR Array. The
Nanog mRNA expression level was detected by RT-PCR
and the protein level was detected using immunohisto-
chemistry staining. The relationship between Nanog
expression and clinicopathological parameters of colorectal
cancer was determined.

Results Nanog were expressed significantly higher in
CD133+ tumor cells compared to CD133— tumor cells. It
was observed that 72 (20.00 %) of the 360 cases positively
expressed Nanog. Univariate analyses indicated that Nanog
expression was related to histological grade, lymph node
metastasis, TNM stage, and liver metastasis (P = 0.005,
0.001, 0.001 and 0.012, respectively). Spearman correla-
tion analysis showed that Nanog expression has a linear
correlation to liver metastasis (P = 0.001). After con-
ducting multivariate analysis, histological grade, TNM

F. Xu - C. Dai (<)) - Y. Zhao - S. Peng - C. Jia
Department of Hepato-Biliary-Splenic Surgery, General
Surgery, Shengjing Hospital, China Medical University,
Shenyang 110004, China

e-mail: daichaoliusjh@163.com

R. Zhang

Department of Colorectal Surgery, Liaoning Province Tumor
Hospital, Shenyang 110042, China

@ Springer

stage, and Nanog were found to be related to liver metas-
tasis (P = 0.020, 0.01 and 0.001, respectively). In the Cox
regression test, the histological grade, Lymph node
metastasis, TNM stage, liver metastasis, and Nanog were
detected as the independent prognostic factors (P = 0.02,
0.045, 0.01, 0.001 and 0.001, respectively).

Conclusions Nanog protein may be a potential biomarker
for postoperative liver metastasis of colorectal cancer.

Keywords Colorectal neoplasms - NANOG protein -
Neoplasm metastasis - Stem cell

Introduction

In recent years, tumor stem cells (CSC) have been con-
sidered to be the culprits for tumor canceration, recurrence,
and drug resistance [1, 2]. It has been reported as well that
colorectal cancer stem cells may originate when normal
intestinal epithelial stem cells mutate [3]. Other studies
have reported that CD133+ tumor cells, which may be rich
in colorectal cancer stem cells [4, 5], have the capacity to
self-renew and have a strong ability to form solid tumors.
Although cancer stem cell theory has gradually come to be
understood, stem cell-related genes in malignant tumors
have not gained much academic attention. More specifi-
cally, studies that have addressed the function and specific
mechanism of stem cell-related genes in the biological
behavior of colorectal cancer are sparse [6]. Although some
identified molecule factors play important roles in the
progress and metastasis of colorectal cancer, the mecha-
nisms of colorectal stem cells are far from clear [7].
Several studies have reported that Oct-4, Nanog, nestin,
and CD44, which are known as stem cell genes, are
expressed higher in some solid tumor stem cells [8, 9].
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These factors form a core regulatory network of self-
renewal and differentiation in cancer stem cells [10]. The
roles of these tumor self-renewal molecules in tumorigen-
esis, progression, and metastasis of malignant tumors,
however, are still largely unknown.

Nanog is a transcription factor critically involved in the
self-renewal of undifferentiated embryonic stem cells,
which has been verified to play an important role in
maintaining pluripotency [11]. Furthermore, Nanog has
been reported to be related to the carcinogenesis of human
cancers. The functional significance of Nanog in human
colorectal cancer, however, remains unknown.

Currently, studies that have investigated the function
and specific mechanisms of Nanog in colorectal cancer
stem cells are rare [9]. Moreover, the relationship between
Nanog expression and the biological behavior and prog-
nosis of colorectal cancer is still unclear. In the present
study, we investigated the clinical implications of Nanog
protein in colorectal cancer. Our goal is to lay a foundation
for managing colorectal cancer.

Materials and Methods
Patients and Tissue Specimens

For the present study, we selected 360 patients who had
histologically confirmed colorectal cancer and underwent
radical operations in Shengjing Hospital and Liaoning
Province Tumor Hospital between January 2001 and
January 2006 for immunohistochemistry staining test and
prognosis analysis. TNM staging was determined by the
American Joint Committee on Cancer (AJCC) Cancer
Staging Manual [12]. The present study’s protocol was
approved by the Ethics Committee of Shengjing Hospital
and Liaoning Province Tumor Hospital.

Experimental Materials

CD2-FITC, CD3-APC, CD10-PE, CD16-FITC, CD18-APC,
CD31-PE, CD326-FITC (EpCAM) and CD133-FITC were
obtained from BD Pharmingen (BD Biosciences, USA). The
FACSCalibur flow cytometer (BD Biosciences, USA) was
obtained from BD Pharmingen. The RT? Profiler™ PCR
Array and the ABI PRISM 7700 Sequence Detection system
(Applied Biosystems) were obtained from SABiosciences.

Experimental Methods
CD1334 Tumor Cell Sorting by Flow Cytometry

The clinical specimens were digested into single tumor
cells using collagenase III. The tumor cells were suspended

in 100 pl/10° cells of HBSS with 2 % HICS. The samples
were then washed twice with HBSS/2 % HICS and sus-
pended. Antibodies, including anti-CD2, -CD3, -CDI10,
-CD16, -CD18, -CD31, and -CD326 were added and
incubated for 20 min on ice and then washed twice with
HBSS/2 % HICS. Lineage+ cells were first eliminated
by anti-CD2, -CD3, -CD10, -CD16, -CD18, -CD31, and
-CD326 during flow cytometry. Dead cells were eliminated
using the viability dye 7AAD. Then, CD133+4 tumor cells
were sorted by CD133 in flow cytometry.

PCR Microarray Experiment

A total of 10° CD133+ tumor cells and CD133— tumor
cells were prepared from clinical specimens. Cells were
lysed in TRIzol Reagent by repetitive pipetting. Several
steps were taken to process the RNA, including phase
separation, precipitation, washing the RNA, and removing
the contaminating DNA from the prepared RNA. The RNA
was assessed for yield and quality, after which real-time
PCR could be performed using the ABI PRISM 7700
system. The AACt method was employed in the gene chip
data analysis, whereby ACt (group 1) = average Ct-aver-
age of HK genes’ Ct for the group 1 array; ACt (group
2) = average Ct — average of HK genes’ Ct for the group
2 array; and AACt = ACt (group 2) — ACt (group 1).

RT-PCR

The RT-PCR was performed as described previously [13].
RNA was extracted from the cells with RNeasy Mini Kit
(Qiagen, Valencia, CA, USA). Semi-quantitative RT-PCR
was carried out using the RT-PCR system (Promega,
Madison, WI, USA). Primers were obtained from Invitro-
gen with the following sequences: for Nanog, forward
5'-CAGGAGTTTGAGGGTAGCTC-3' and reverse 5'-CG
GTTCATCATGGTACAGTC-3' and the housekeeping
gene GAPDH with primers 5-CCA CCC ATG GCA AAT
TCC CAT GGC A-3’ (forward primer) and 5'-TCT AGA
CGG CAG GTC AGG TCC ACC-3' (reverse primer), at
annealing temperature of 54.5 °C for 30 cycles. The
products were electrophoresed by 2.5 % agarose gel.

Western Blot Analysis

Total protein concentration was determined using the
Bradford assay. After electrophoresis, proteins were trans-
ferred into a nitrocellulose membrane at a constant of 45 V
for 1 h. After washing in TBST buffer with shaking at room
temperature, the membrane was incubated overnight with
the blocking solution (1 % bovine serum albumin). The
membrane was incubated with anti-Nanog antibody (1:500
dilution, Sigma-Aldrich, St. Louis, MO, USA) for 2 h at
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CD133- CD133+ Mixed CD133- Mixed CD133+

Nanog Nanog

Fig. 1 RT-PCR and western blot analysis showed that Nanog mRNA
and protein levels in CD133+ tumor cells were significantly higher
expressed than the CD133— and mixed tumor cells

room temperature. Subsequently, the membrane was incu-
bated with anti-rabbit secondary antibody (1:500) at room
temperature for 1 h, followed by washing with TBST three
times and TBS twice. Images were taken using the Bio-Rad
gel imaging system (Bio-Rad, USA).

Immunohistochemistry Experimental Procedures

Briefly, the specimen tissues were cut to a thickness of
4 pm. The sections were de-waxed with xylene, gradually

ﬂ
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hydrated with gradient alcohol, and then washed with PBS.
Sections were incubated for 60 min with anti-Nanog anti-
body. After washing with PBS, sections were incubated for
30 min in the secondary antibody. Avidin Biotin Complex
(1:1,000 dilution, Vector Laboratories, Burlingame, CA,
USA) was then added to the sections for 1 h at room
temperature. The immunoreactive products were visualized
by catalysis of 3,3-diaminobenzidine (DAB) by horserad-
ish peroxidase in the presence of H,O,, following extensive
washing. Sections were then counterstained in Gill’s
Hematoxylin and dehydrated in ascending grades of
methanol before clearing in xylene, and mounting under a
cover slip [14].

Nanog expression was classified semi-quantitatively
according to the following criteria: 0 if <1 % of neoplastic
cells discretely expressed Nanog in their cytoplasm and
membrane; 14 if >1 and <10 % of morphologically
unequivocal neoplastic cells discretely expressed Nanog in
their cytoplasm and membrane; and 2+ if >10 % of
morphologically unequivocal neoplastic cells discretely

Fig. 2 Nanog was highly expressed in human adjacent-tumor tissue (Al x 200; A2 x 400), colorectal carcinoma tissues (B1 x 200;

B2 x 400) and liver metastasis (C1 x 200; C2 x 400)
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expressed Nanog in their cytoplasm and membrane. We
considered samples scored as 1+ or 2+ as positive.

Statistical Analysis

All data were analyzed using SPSS Statistical Software
(version 13.0; SPSS Inc., Chicago, IL, USA). Relationships
between tumor markers and other parameters were studied
using the chi-square test, Fisher’s exact test, or independent
t tests. Disease-specific survival was analyzed using the
Kaplan—Meier method. The log-rank test was used to ana-
lyze survival differences. Multivariate analysis was per-
formed using the Cox proportional hazards model selected in
forward stepwise. A P value of less than 0.05 was considered
statistically significant.

Results

Differential Gene Expression Detected Between
CD133+ and CD133— Tumor Cells

We compared the gene expression by PCR gene chip
between CD133+ tumor cells and CD133— tumor cells,
which were obtained from clinical specimens. Six differ-
ential genes, including transcription factors (GATA6 and
Nanog), cytokines and growth factors (FGF5 and NODAL)
and stem cell-differentiation/lineage markers (Nestin and
OLIG2) were detected as varying significantly between
CD133+4 and CD133— tumor cells. RT-PCR and western
blot analysis showed that Nanog mRNA and protein levels
in CD133+ tumor cells were expressed significantly higher
than the CD133— tumor cells (Fig. 1).

Nanog Expression in Colorectal Cancer and Its
Relationship with Clinicopathological Characteristics

Immunohistochemical examination showed that Nanog
was located in the cytoplasm and membrane of colorectal
cancers (Fig. 2). In total, 72 (20.00 %) of the 360 cases
positively expressed Nanog. Univariate analyses indicated
that age, gender, and tumor size were not related to Nanog
expression in colorectal cancer (P = 0.107, 0.407, and
0.079, respectively). Finally, Nanog expression was found
to be related to histological grade, lymph node metastasis,
TNM stage, and liver metastasis (P = 0.005, 0.001, 0.001,
and 0.012, respectively) (Table 1). Furthermore, Spearman
correlation analysis showed that Nanog expression has a
line correlation to lymph node metastasis, TNM stage, and
postoperative liver metastasis (P = 0.038, 0.01, and 0.001
respectively) (Table 2). After conducting multivariate
analysis, histological grade, TNM stage, and Nanog were

Table 1 The relationship between clinicopathological features of
colorectal cancer and Nanog protein expression (n = 360)

Characteristic n Nanog~ Nanog™ Xz value P value
Age (years)
<55 164 126 38 (23.17)  1.893  0.107
>55 196 162 34 (17.35)
Gender
Male 203 161 42 (20.69) 0.138  0.407
Female 157 127 30 (19.11)
Tumor size
<5 128 108 20 (15.63)  2.375  0.079
>5 232 180 52 (22.41)
Histological grade
High 46 40 6 (13.04) 10.464  0.005
differentiation
Middle 230 191 39 (16.96)
differentiation
Low 84 57 27 (32.14)
differentiation
Lymph node metastasis
Positive 168 120 48 (28.57) 14.46 0.001
Negative 192 168 24 (12.5)
TNM stage
I+1I 167 148 19 (11.38) 14.48 0.001
I + 1v 193 140 53 (27.46)
Postoperative liver metastasis
Positive 48 20 28 (58.33)  5.85 0.012
Negative 312 268 44 (14.10)

Table 2 Spearman correlation analysis between clinicopathological
features and Nanog

Clinicopathological
features

Nanog expression
(Spearman correlation; p)

0.342 (0.038)
0.160 (0.010)
0.086 (0.001)

Lymph node metastasis
TNM stage

Postoperative liver metastasis

found to be related to liver metastasis (P = 0.020, 0.01 and
0.001, respectively) (Table 3).

Prognostic Analysis

Survival analysis revealed that the cases with positive Nanog
expression exhibited a significantly higher postoperative
liver metastasis rate compared to those without Nanog
expression (38.89 vs. 6.94 %; P = 0.012). Survival analysis
revealed that patients with Nanog expression experienced
worse postoperative survival compared to those without
Nanog expression (38.89 vs. 63.19 %; P = 0.001) (Fig. 3).
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Table 3 Logistic regression analysis of the factors related to liver
metastasis of colorectal cancer

Characteristic OR 95 % CI for OR P value
Histological grade 1.821 1.195-2.635 0.020
TNM stage 2.084 1.279-3.873 0.010
Nanog 3.125 1.962-5.385 0.001
Constant 0.480

OR odds ration, CI confidence interval

Moreover, histological grade, lymph node metastasis, and
TNM stage were associated with colorectal cancer-specific
survival in all 360 cases (P = 0.032, 0.01, and 0.001,
respectively; log-rank test; Fig. 3). In the Cox regression
test, histological grade, lymph node metastasis, TNM stage,
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liver metastasis, and Nanog were detected as the independent
prognostic factors (P = 0.02, 0.045, 0.01, 0.001 and 0.001,
respectively) (Table 4).

Discussion

The concept of cancer stem cells (CSC) has been accepted
gradually by most cancer researchers in recent years [15].
The CSC model is also a current focus of colorectal cancer
research. According to the CSC concept, only a small
minority of tumor cells have the ability to maintain the
malignant population. In colorectal cancer, research has
recently reported that CD1334 tumor cells were highly
enriched in tumor-initiating colon CSCs that have the
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Fig. 3 Survival analysis revealed that the cases with Nanog, histological grade, lymph node metastasis and TNM stage were associated with
colorectal cancer-specific survival in all 360 cases (P = 0.001, 0.032, 0.01 and 0.001 respectively; log-rank test)
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Table 4 Cox regression analysis of prognostic factors

Varies OR 95 % CI for OR P value
Age 1.026  0.518-1.834 0.450
Gender 0.782  0.374-1.295 0.280
Tumor size 1.457  0.623-2.069 0.056
Histological grade 2.184 1.463-4.071 0.020
Lymph node metastasis 1.328  1.152-2.270 0.045
TNM stage 2935 1.742-5.296 0.010
Postoperative liver metastasis  5.841  3.529-7.048 0.001
Nanog 3252  1.565-4.732 0.001

OR odds ratio, CI confidence interval

ability to self-renew and to recapitulate the bulk tumor
population [16]. Studying the gene expression profiles of
CSC, therefore, and selecting the potential targets for
treating colorectal cancer are important.

In the present study, we selected CD1334 tumor cells
from clinical specimens using flow cytometry and com-
pared the gene expression using PCR gene chip between
CD133+ tumor cells and CD133— tumor cells. Six dif-
ferential genes were detected. RT-PCR and western blot
analysis verified that Nanog was expressed significantly
higher in mRNA and protein levels in CD133+ tumor cells
compared to CD133— tumor cells. Nanog, a homeodomain
transcription factor, is an essential regulator for promoting
self-renewal of embryonic stem cells and inhibiting their
differentiation [8]. In general, however, the clinical com-
plications and the mechanism of Nanog in transforming
and developing tumors are still unclear. Moreover, the role
of Nanog in tumor development from different groups is
still contradictory.

Nanog promotes dedifferentiation of p53-deficient
mouse astrocytes into brain cancer stem-like cells [17]. In a
recent study, Meng et al. [18] investigated the expression
status and regulatory mechanism of the self-renewal mol-
ecule Nanog in colorectal cancer. They reported a signifi-
cant correlation among over-expression of Nanog and poor
prognosis, lymph node metastasis, and TNM classification
of colorectal cancer [18].

In the present study, we studied the relationship between
Nanog protein expression and pathological factors and
prognosis in colorectal cancer. It was observed that
20.00 % of the 360 cases positively expressed Nanog, with
Nanog expression being related to histological grade,
lymph node metastasis, TNM stage, and liver metastasis.
On the other hand, it was found that Nanog was linearly
correlated to liver metastasis and was a prognostic factor of
colorectal cancer. Nanog protein has been reported to be
related to the poor prognosis and chemoresistance in other
various cancers [19]. Hence, Nanog might provide a new
potential target for chemotherapy in some tumors, although
there is still no evidence of this for colorectal cancer.

However, there also were some limitations in the study. All
the enrolled cases underwent radical operations. More
advanced cancers in which palliative surgery was per-
formed were not studied in the study.

Many colorectal cancers are in an advanced stage when
they are first diagnosed, and some are accompanied with
distant organ metastases. The most effective therapy for
advanced colorectal cancers with liver metastases [3, 7] is
still controversial. Early screening of the distant metastasis
in colorectal cancer, therefore, is very important. The
outcome of the present study demonstrated that Nanog
protein was related to liver metastasis of colorectal cancer,
which may be used as a potential early liver metastasis
screening factor in the colorectal cancer.

Conflict of interest None.
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