
Abstract. Background: The Ki67 index is a biomarker of
proliferation, while the circulating tumor cell (CTC) count
acts as a metastasis-related biomarker. In this study, we
analyzed the potential value of CTC count and Ki67 index in
diagnosis of colorectal cancer (CRC). Materials and
Methods: A total of 105 patients with CRC undergoing
surgery were included in the study. Isolation and
identification of CTCs were performed by negative
enrichment and immuno-fluorescence in situ hybridization,
respectively. Expression of Ki67 was assessed by
immunohistochemistry. Results: Patients with CTC count ≥2
were defined as CTC-positive. Ki67 index ≥50% was
regarded as highly proliferative. Overall, 71 cases were
CTC-positive, while 82 cases displayed a high Ki67 index.
CTC count and Ki67 index had no correlation with tumor
size, tumor site, age, gender and TNM stages of the patients.
CTC count was correlated with tumor size (p=0.018) and
Ki67 index with level of differentiation (p<0.001). However,
there was no relationship between CTC count and Ki67
index (p=0.198). Conclusion: Our results suggest that CTCs
can act as a potent metastasis-related biomarker for the
diagnosis of CRC, independently of the Ki67 index.

According to estimates of the worldwide cancer incidence
and mortality available from the 2012 GLOBOCAN report,
colorectal cancer (CRC) has become the third and the second

most common type of cancer in men and in women
respectively, and reported to be the fourth leading cause of
cancer-related death (1). Although there is a broad
geographic variation in the incidence of CRC, it has been
noted that almost 55% of CRC cases occur in more highly
developed regions. In China, CRC is also a relatively
common type of cancer, with an annual incidence rate
significantly growing since 1998. There is also a tendency
towards an increase in younger patients (2-4). 

Patients diagnosed with early-stage CRC usually undergo
recommended surgical tumor resection, yet 20-30% of these
patients may suffer from recurrence or metastasis within 5
years after surgery (5-7). A number of reasons may contribute
to this discrepancy of survival. One is that tumor cells may
be present in the circulation. These viable cancer cells with
potent proliferative and metastatic capacity may have been
shed into the bloodstream from the primary tumor site before
or even during surgical resection, and then these cells (so-
called circulating tumor cells, CTCs) travel throughout the
body through the systemic circulation (8, 9). Accordingly,
they constitute the seeds for subsequent growth of additional
tumors, causing relapse of cancer in these patients (10, 11).
As a matter of fact, CTCs are a heterogeneous population of
cells bearing diverse biological features, and they are often
distinguished from their respective primary counterparts (12).
Taking advantage of these features, characterization of CTCs
at different time points during cancer progression is
considered to provide useful information for diagnosis,
evaluation of prognosis and decision making of therapeutic
strategies (13, 14). In 2014, Romiti et al. showed that the
presence of CTCs is negatively associated with the survival
of patients with CRC (15). Subsequently, Tsai et al. pointed
out that the CTC count can serve as a prognostic marker for
distant metastasis of CRC (16). Collectively, the quantity and
activity of CTCs derived from the peripheral blood of patients
with CRC can act as a cell-based biomarker with diagnostic
and prognostic potential. 
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Indeed, precise diagnosis of CRC requires a combination
of multiple factors. Apart from cell-based biomarkers,
various molecular biomarkers that enable detection of CRC
at the early stage or evaluation of the progression and
prognosis of such diseases have been identified (17-19).
Among these molecules, the nuclear protein Ki67 has been
recognized as a potent diagnostic target of various cancer
types, including CRC. Previous investigations have
suggested Ki67 contributes to enhanced proliferative
activity of intrinsic cell populations in malignant tumors
(20, 21). Accordingly, Ki67 has been suggested as a
biomarker of tumor aggressiveness that can be applied in
routine clinical practice (22-25). In light of its clinical
significance, the Ki67 labeling index, which is based on
immunohistochemistry (IHC), has been widely used as a
diagnostic approach for assessing a number of tumor types
(26).

The aim of the present study was to evaluate the potential
of the CTC count and Ki67 index in the diagnosis of CRC
and determine whether their utility is correlated with patient
gender and age, tumor size and site, tumor stage and
differentiation level. In particular, we analyzed whether the
CTC count and Ki67 index are mutually correlated and could
be used as a more accurate and precise diagnostic tool when
combined. 

Materials and Methods 
Patients. One hundred and five patients were randomly selected,
between April 2015 and August 2016, from patients who were
diagnosed with CRC and underwent pathological examination at the
Department of General Surgery, Beijing Friendship Hospital, Capital
Medical University. The human study protocol of the present study
was reviewed and approved by the Research Ethics Committee of
Beijing Friendship Hospital (The Beijing Health System Talents
Plan Fund No 2016-P2-072-02). All of the eligible patients were
informed of the essentials of this study, and gave their written
consent before enrolment onto this study.

Blood sampling and enrichment of CTCs. Venous blood (3.2 ml)
was collected from the patients via BD Vacutainer Glass Blood
Collection Tubes with Acid Citrate Dextrose (Becton, Dickinson and
Company, Franklin Lakes, NJ, USA). In order to avoid
contamination of epithelial cells, all samples were collected after
discarding the first 2 ml of blood. The blood samples were subject
to centrifugation at 650 × g at room temperature, after which the
upper serum layer was discarded and the remaining cells
resuspended in a lysis buffer solution. After 8 min of vertical mixing
(20 rpm) that facilitated lysis of red blood cells, the sample was
subjected to centrifugation at 650 × g at room temperature. The
residual cell pellet was resuspended in phosphate buffer solution and
subsequently incubated with anti-CD45 monoclonal antibody-coated
magnetic beads for 30 min, followed by the separation of magnetic
beads using a magnetic stand (Promega, Madison, WI, USA).
Afterwards, the samples were centrifuged at 800 × g for 3 min. Cell
pellets were spotted on glass slides, and then immuno-fluorescence
in situ hybridization (imFISH) staining was carried out.

imFISH staining. The enriched CTCs were subjected to imFISH
analysis (27), which was performed using centromere DNA probes of
chromosome 7 (green) and 8 (orange) centromere probes (Abbott
Molecular Diagnostics, Des Plaines, IL, USA). The
immunofluorescence assay was carried out using anti-CD45 (red).
The glass slides were washed with Tris-buffered saline three times,
before mounting. Cells were mounted with mounting medium
containing the nuclear dye 4’,6-diamidino-2-phenylindole (DAPI) and
then visualized under a fluorescence microscope. Evaluation criteria
for CTC identification included both chromosome enumeration probe
7/8≥3 and CD45− staining pattern overlying the DAPI staining of the
nucleus. A CTC count of 2 or more was considered positive.

Ki67 IHC. Polypectomy specimens excised from the patients were
subjected to formalin-fixed paraffin-embedded sectioning and then
stained with the antibody to Ki67 and counterstained with
hematoxylin and eosin. Biotin avidin alkaline phosphatase-
conjugated anti-goat IgG polyclonal antibodies (Maxvision™2 Kit;
Maixin Biotech., Fuzhou, Fujian, China) was used as the secondary
antibody for detection. Only unequivocal nuclear staining,
regardless of its intensity, was counted. By definition, the fraction
of cells positively staining with anti-Ki67 is designated as the Ki67
fraction or index.

Statistical analysis. All data were analyzed by Mann–Whitney,
Kruskal–Wallis, Pearson chi-square and Spearman test. Pearson and
Spearman correlation coefficient was used to measure the linear
relationship with respect to the distribution of patient CTC counts
among different Ki67 indices. A value of p<0.05 was considered
statistically significant. All statistical analyses were performed using
SPSS version 13.0 statistical software (SPSS, Chicago, IL, USA). 

Results
Patient demographics. Among the 105 patients, 58 cases
were males, while 47 cases were females; their ages ranged
from 33 to 86 years, with a median age of 64 years.
Regarding the tumor location, 22 cases were diagnosed with
right-sided colon cancer, 36 cases with left-sided colon
cancer, 38 cases with rectal cancer and nine cases
simultaneous with colon and rectal cancer. According to the
Tumor-Node-Metastasis (TNM) classification of malignant
tumors published by the Union for International Cancer
Control (AJCC/UICC 2010), an overall TNM stage of these
patients was assigned, resulting in 11 cases of stage I, 39
cases of stage II, 47 cases of stage III, and 8 cases of stage
IV; regarding the T, N and M staging systems, 14 and 91
patients were separately categorized into cases of stages T1-
T2 and stages T3-T4, 49 and 56 patients were classified into
cases of stage N0 and stages N1-N3 respectively, while 98
and seven patients were cases of stage M0 and stage M1,
respectively. With respect to the tumor size, 40 patients were
found to have tumor mass 5 cm or more in diameter, whereas
65 patients were found to have tumor mass smaller than 5 cm.
Cytological examination of the tumor differentiation grade
showed that 10, 86 and nine patients had poor-grade,
moderate-grade and high-grade tumors respectively.
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CTC count and its association with patient status and
pathological features. Thirty-four of the patients were found
to have a CTC count of less than 2, whereas 45 and 26 case
had counts ranging between 2 and 4, and 5 or more,
respectively. In this study, we used a count of 2 CTCs as a
cut-off, which was to say that those with a CTC count
equivalent to or greater than this cutoff were considered
CTC-positive. Therefore, a total of 71 cases (67.6% of the
patients) were recognized as CTC-positive. As shown in
Tables I and II, the proportion of CTC-positive patients,
regardless of stratification by gender and age, tumor site and
size, and tumor staging and differentiation, was much greater
than those of CTC-negative patients. Notably, CTC-positivity
was particularly high in patients with M1 stage disease with
lymph node metastasis (100%). There was significant
association between CTC count and tumor size by the
Mann–Whitney test (p=0.018). However, the correlation
analyses showed no significant differences in distribution of
CTC-positive patients or CTC count with respect to any of
the other studied demographic parameters by the Mann-
Whitney, Kruskal–Wallis or Pearson chi-square test.

Ki67 index and its association with patient status and
pathological features. According to the results of IHC
analysis, we separated the patients into three Ki67 index
groups, including 23 cases with indices less than 50%, 51
cases with indices between 50 and 69%, and 31 cases with
70% or more. By definition, tumors exhibiting a Ki67 index
of 50% or more were considered to be highly proliferative.
Based on this cutoff criterion, 82 out of the 105 patients were
shown to have tumors displaying highly proliferative potential.
As shown in Tables III and IV, the proportion of patients with
a high Ki67 index (above 50%), whatever the stratification
conditions (the only exception being tumor differentiation),

were at least two- to three-fold greater than those with low
Ki67 indices. Above all, patients both at stage IV and M1
stage were all shown to bear tumors with highly proliferative
potential. Intriguingly, we found that a greater number of cases
whose tumors were highly differentiated instead presented low
Ki67 indices, suggesting that highly differentiated tumors are
poorly proliferative. The results of correlation analysis showed
that significant differences in the distribution of a high Ki67
index (≥50%) merely existed between patients bearing tumors
of high- or moderate-differentiation and those of poor
differentiation. Furthermore, there was significant association
between Ki67 index and the level of tumor differentiation by
the Pearson chi-square test (p<0.001).

Correlation between CTC count and Ki67 index of patients
with CRC. Inferred from the above data, we argued both
CTC count and Ki67 index could be potent biomarkers for
diagnosis of CRC, even though patient gender and age, along
with tumor site, and stage, were not relevant to these.
Subsequently, we aimed to clarify whether a correlation
between CTC count and the Ki67 index existed, that is, if
mutual interference occurs when simultaneously applying
these two biomarkers to diagnose CRC. Pearson chi-square
test demonstrated that there was no significant difference
when comparing the correlation between the CTC count and
the Ki67 index derived from these 105 patients (p=0.198,
Table V). Figure 1A-C shows the distribution of the three
CTC groups (i.e. CTC count <2, CTC count 2-4, and CTC
count ≥5) among a broader spectrum of Ki67 indices.
Although we observed that the majority (over half) of the
CTC-positive patients (CTC count >2) had Ki67 indices of
between 50% and 69%, linear fitting analysis (R2=0.0083,
Figure 1D) demonstrated that there was no correlation
between CTC count and Ki67 index. Taken together, these
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Table I. The correlation of circulating tumor cell (CTC) count with general characteristics of the 105 patients. 

Characteristic                          Cases                          CTC count, n                               p-Value                            CTC, n (%)                               p-Value
                                             (N=105) 
                                                                2 (n=34)        2-4 (n=45)         ≥5 (n=26)                            Negative (n=34)        Positive (n=71)                

Gender                                                                                                                               0.860                                                                                  0.609
   Male                                        58               20                    23                       15                                        20 (34.5)                   38 (65.5)                      
   Female                                    47               14                    22                       11                                        14 (29.8)                   33 (70.2)                      
Age                                                                                                                                     0.292                                                                                  0.554
   ≤60 Years                                39               14                    18                        7                                         14 (35.9)                   25 (64.1)                      
   >60 Years                                66               20                    27                       19                                        20 (30.3)                   46 (69.7)                      
Tumor site                                                                                                                          0.525                                                                                  0.356
   Right-sided colon                   22                8                      9                         5                                          8 (36.4)                    14 (63.6)                      
   Left-sided colon                    36               10                    17                        9                                         10 (27.8)                   26 (72.2)                      
   Rectum                                   38               15                    14                        9                                         15 (39.5)                   23 (60.5)                      
   Colon and rectum                   9                 1                      5                         3                                          1 (11.1)                     8 (88.9)                       



results suggest that CTC count and Ki67 index are mutually
independent when used as biomarkers for diagnosis of CRC.       

Discussion

CRC, which usually develops in the lining of the colon
(large intestine) or rectum, is one of the leading causes of

cancer-related death. It has been noted that most CRCs begin
as a benign or non-cancerous form called a polyp. If polyps
are detected at an early stage and excised, CRC can be
efficiently prevented (28). Since patient survival is highly
dependent on the tumor stage at the time of diagnosis, it is
important to precisely identify CRC at an early stage. By and
large, the screening approaches currently applied to clinical
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Table II. The correlation of circulating tumor cell (CTC) count with clinicopathological features of the 105 patients.

Clinicopathological               Cases                          CTC count, n                               p-Value                            CTC, n (%)                               p-Value
feature                                   (N=105) 
                                                               <2 (n=34)       2-4 (n=45)         ≥5 (n=26)                            Negative (n=34)        Positive (n=71)                

Tumor size                                                                                                                          0.018                                                                                  0.082
   <5 cm                                      65               17                    27                       21                                        17 (26.2)                   48 (73.8)                      
   ≥5 cm                                      40               17                    18                        5                                         17 (42.5)                   23 (57.5)                      
T-Staging                                                                                                                                                                                                                           
   T1-2                                        14                3                      6                         5                 0.246                3 (21.4)                    11 (78.6)                 0.541
   T3-4                                       91               31                    39                       21                                        31 (34.0)                   60 (66.0)                      
N-Staging                                                                                                                           0.775                                                                                  0.717
   N0                                           49               15                    24                       10                                        15 (30.6)                   34 (69.4)                      
   N1-3                                        56               19                    21                       16                                        19 (34.0)                   37 (66.0)                      
M-Staging                                                                                                                           0.064                                                                                  0.093
   M0                                          98               34                    41                       23                                        34 (35.0)                   64 (65.0)                      
   M1                                           7                 0                      4                         3                                           0 (0.0)                     7 (100.0)                      
UICC staging                                                                                                                     0.597                                                                                  0.554
   I                                               11                3                      5                         3                                          3 (27.3)                     8 (72.7)                       
   II                                             39               12                    20                        7                                         12 (30.8)                   27 (69.2)                      
   III                                            47               18                    16                       13                                        18 (38.3)                   29 (61.7)                      
   IV                                             8                 1                      4                         3                                          1 (12.5)                     7 (87.5)                       
Tumor differentiation                                                                                                         0.712                                                                                  0.787
   Poor                                        10                2                      8                         0                                          2 (20.0)                     8 (80.0)                       
   Moderate                                86               29                    35                       22                                        29 (33.7)                   57 (66.3)                      
   High                                         9                 3                      2                         4                                          3 (33.3)                     6 (66.7)                       

UICC: Union for International Cancer Control.

Table III. The correlation of Ki67 index with general characteristics of the 105 patients.

Characteristic                          Cases                          Ki67 index, n                               p-Value                      Proliferation, n (%)                        p-Value
                                           (N=105), n
                                                                   <50%            50-69%               ≥70%                                  Low (n=23)              High (n=82)                   
                                                                  (n=23)             (n=51)               (n=31)

Gender                                                                                                                               0.817                                                                                  0.276
   Male                                        58               15                    23                       20                                        15 (25.9)                   43 (74.1)                      
   Female                                    47                8                     28                       11                                         8 (17.0)                    39 (83.0)                      
Age                                                                                                                                     0.579                                                                                  0.451
   ≤60 Years                                39                7                     20                       12                                         7 (18.0)                    32 (82.0)                      
   >60 Years                                66               16                    31                       19                                        16 (24.2)                   50 (75.8)                      
Tumor site                                                                                                                          0.629                                                                                  0.928
   Right-sided colon                   22                5                     11                        6                                          5 (22.7)                    17 (77.3)                      
   Left-sided colon                    36                9                     19                        8                                          9 (25.0)                    27 (75.0)                      
   Rectum                                   38                7                     18                       13                                         7 (18.4)                    31 (81.6)                      
   Colon and rectum                   9                 2                      3                         4                                          2 (22.2)                     7 (77.8)                       



diagnosis of CRC is divided into semi-invasive procedures
(e.g. colonoscopy) and non-invasive examination (e.g. fecal
occult blood test) (28). Over the past two decades, various
molecular biomarkers capable of detecting CRC at the early
stage or evaluating the progression and prognosis of such
diseases have been identified (17-19). Among these
molecules, the nuclear protein Ki67 has been regarded as a
promising diagnostic target of many cancer types, including
CRC. Expression of Ki67 contributes to enhanced
proliferative activity of intrinsic cell populations in
malignant tumors, thus rendering a biomarker of tumor
aggressiveness (20, 21). There is accumulating literature

suggesting Ki67 to be an indicator of proliferation of
individual tumors in routine clinical practice (22-25). In the
light of its clinical significance, the Ki67 labeling index has
been widely used as a diagnostic approach for assessing a
number of tumor types (26). Recently, Li et al. suggested
that a high Ki67 index can be regarded as an independent
prognostic biomarker associated with clinicopathological
features of patients with stage III and IV CRC (29). 

In this study, we randomly collected 105 individuals from
the patients diagnosed with CRC at our hospital. Their polyp
biopsy specimens were subjected to IHC staining to acquire
the Ki67 labeling index. Among these patients, 82 cases were
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Table IV. The correlation of Ki67 index with pathological features of the 105 patients.

Characteristic                          Cases                          Ki67 index, n                               p-Value                      Proliferation, n (%)                        p-Value
                                             (N=105)
                                                                   <50%            50-69%               ≥70%                                  Low (n=23)              High (n=82)                   
                                                                  (n=23)             (n=51)               (n=31)

Tumor size                                                                                                                          0.562                                                                                  0.908
   <5 cm                                      65               14                    34                       17                                        14 (21.5)                   51 (78.5)                      
   ≥5 cm                                      40                9                     17                       14                                         9 (22.5)                    31 (77.5)                      
T-Staging                                                                                                                            0.682                                                                                  0.501
   T1-2                                        14                4                      6                         4                                          4 (28.6)                    10 (71.4)                      
   T3-4                                       91               19                    45                       27                                        19 (20.9)                   72 (79.1)                      
N-Staging                                                                                                                           0.956                                                                                  0.729
   N0                                           49               10                    25                       14                                        10 (20.4)                   39 (75.6)                      
   N1-3                                        56               13                    26                       17                                        13 (23.2)                   43 (76.8)                      
M-Staging                                                                                                                           0.856                                                                                  0.343
   M0                                          98               23                    45                       30                                        23 (23.5)                   75 (76.5)                      
   M1                                           7                 0                      6                         1                                           0 (0.0)                     7 (100.0)                      
UICC staging                                                                                                                     0.753                                                                                  0.138
   I                                               11                4                      4                         3                                          4 (36.4)                     7 (63.6)                       
   II                                             39                6                     22                       11                                         6 (15.4)                    33 (84.6)                      
   III                                            47               13                    19                       15                                        13 (27.7)                   34 (72.3)                      
   IV                                             8                 0                      6                         2                                           0 (0.0)                     8 (100.0)                      
Tumor differentiation                                                                                                         0.029                                                                                <0.001
   Poor                                        10                1                      6                         3                                          1 (10.0)                     9 (90.0)                       
   Moderate                                86               15                    45                       26                                        15 (17.4)                   71 (82.6)                      
   High                                         9                 7                      0                         2                                          7 (77.8)                     2 (22.2)                       

UICC: Union for International Cancer Control.

Table V. The correlation between circulating tumor cell (CTC) count and Ki67 index. 

                                                                                                    CTC count                                                                     CTC count      

                                                                             <2 (n=34)      2-4 (n=45)       ≥5 (n=26)      p-Value      Negative (n=34)     Positive (n=71)     p-Value

Ki67 index         <50% (n=23)                                   10                    6                       7               0.415                   10                           13                  0.070
                           50-69% (n=51)                                11                   26                     14                                          11                           40                      
                           ≥70% (n=31)                                   13                   13                      5                                           13                          18                      
                           Low proliferation (n=23)                10                    6                       7               0.651                   10                           13                  0.198
                           High proliferation (n=82)               24                   39                     19                                          24                           58                      



determined as having highly-proliferative tumors (Ki67 index
is greater than 50%). Regardless of gender, age, tumor site,
tumor size, and tumor staging, patients with CRC were
generally shown to bear tumors displaying high Ki67 indices.
However, with respect to tumor differentiation, our study
showed that highly differentiated CRC appeared to be poorly
proliferative, whereas poorly and moderately differentiated
CRC appeared to be highly proliferative. These results make
sense since malignant tumors are comprised of both cancer
stem cells, which are poorly differentiated and have great
proliferative potential, as well as more highly differentiated
cancer cells, with limited proliferative capacity (30). 

Precise detection of CRC requires a combination of
multiple biomarkers. Apart from the protein-based
biomarkers, CTCs have been regarded as a new tumor
biomarker in ‘liquid biopsy’ and have been widely used in
the diagnosis of colorectal cancer (12). CTC characterization
at different time points during tumor progression may
provide advantageous predictive information for selecting the
most appropriate and effective treatment (13). In addition,
CTC detection is correlated with disease stage, relapse rate
and survival of patients with various cancer types (12). The
CTC count can also provide information on biological
activity and enable real-time prediction of the prognosis of
patients with distant metastases (31-34). A recent study
carried by Chen et al. identified epithelial cell transforming
sequence 2 oncogene (ECT2) as a highly sensitive and
specific marker of CTCs derived from the peripheral blood
of patients with CRC (35). In this regard, measurement of
the expression level of ECT2 can therefore serve as an
alternative approach for diagnosis and monitoring of CRC. 

In the present study, we determined the counts of CTCs
isolated from the venous blood of 105 patients with CRC and
evaluated whether they were correlated with gender, age,
tumor site, tumor size, tumor stage, and differentiation level.
Unsurprisingly, we found that a great majority of patients
with CRC, regardless of stratification by any of the
demographic factors, were shown to be CTC-positive,
suggesting that the CTC count is a potent biomarker of CRC.
In order to achieve diagnostic accuracy and precision, it
would be better to combine the CTC count simultaneously
with the Ki67 index in diagnosis of CRC. For this reason,
we examined the correlation between CTC count and Ki67
index to evaluate if mutual interference exists which might
contribute to misdiagnosis. Fortunately, our results showed
that there is a non-linear relationship with respect to the
distribution of the CTC counts among different Ki67 indices,
suggesting they can independently serve as biomarkers for
diagnosis of CRC when used simultaneously.

In conclusion, we confirmed the potential of the CTC
count and Ki67 index as biomarkers for diagnosis of CRC,
which is independent of patient gender and age, tumor size
and site, and tumor progression. Intriguingly, the Ki67 index

was shown to be negatively associated with tumor
differentiation. Moreover, the CTC count can also act as a
metastasis-related biomarker of CRC, which is independent
of the Ki67 index. 
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Figure 1. Continued.
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