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Abstract 

Purpose: Most colorectal cancers (CRCs) show positive immunohistochemical (IHC) staining for 
CK20 and negative staining for CK7. However, in clinical settings, some CRCs show positive IHC 
staining for CK7, and the clinicopathological significance of this needs to be studied. This study 
investigated the clinicopathological significance of CK7 positivity in CRCs. 
Materials and Methods: A total of 178 patients with CRC were used to study the 
clinicopathological significance of CK7 positivity. Western blotting and immunocytochemical (ICC) 
staining were used to compare the expression levels of CK7 before and after CoCl2 treatment.  
Results: CK7 expression was associated with the location, differentiation, lymph node metastasis, 
and the Dukes’ stage of CRCs. CK7 positive cells were mainly distributed at the edge of cancer 
nests, at the invasion front, as single stromal polyploid giant cancer cells (PGCCs), in tumor buds, in 
intravascular tumor emboli, and in a micropapillary pattern. Results of ICC staining showed that 
CK7 expression was almost negative in LoVo and HCT116 before CoCl2 treatment. After CoCl2 
treatment, the PGCCs and their daughter cells of LoVo and HCT116 yielded positive results in CK7 
ICC staining. Results of western blotting also confirmed that there was higher CK7 expression in 
LoVo and HCT116 after CoCl2 treatment than in the control. 
Conclusion: CRC cells expressing CK7 may have strong invasive and metastatic abilities. Some 
metastasis-related morphological characteristics in CRCs including the invasion front, 
micropapillary pattern, tumor emboli, and single stromal PGCCs associated with CK7 positive 
expression. 
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Introduction 
Colorectal cancer (CRC) is the second leading 

cause of death among cancer patients in United States 
[1] and China [2]. Despite considerable improvements 
in the treatment of this disease with new therapeutic 

agents, the mortality rate is still significant [3]. 
Characteristics such as infiltration depth, tumor cell 
differentiation, lymph node or distant metastasis, 
tumor budding, micropapillary pattern, and 
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intravascular tumor emboli, etc. [4] are associated 
with the prognosis of patients with CRC [5]. The 
Dukes staging system can help clinicians to predict 
the prognosis of CRCs. However, the Dukes staging is 
a preliminary evaluation system and patients with the 
same Dukes’ stage can have different prognoses. With 
the progress in diagnostic molecular pathology, a 
comprehensive evaluation system including the 
expression of metastasis-related proteins should be 
used to guide clinical treatment and predict 
prognosis. 

We first reported that polyploid giant cancer 
cells (PGCCs) could be induced and purified by CoCl2 
in vitro and confirmed that PGCCs had the properties 
of cancer stem cells [6]. In pathology, PGCCs were the 
key contributors to cellular atypia and were 
associated with the malignant grade of tumors. In 
vitro, PGCCs produced daughter cells via asymmetric 
cell division and these daughter cells had a strong 
ability to infiltrate and invade by acquiring a 
mesenchymal phenotype. The number of PGCCs was 
associated with cancer development, metastasis, 
chemoresistance, and progression, and there were 
more PGCCs in cancers of high pathological grades, 
late stage diseases, recurrent tumors, and after 
chemotherapy. Furthermore, PGCCs occur mostly in 
micropapillary carcinomas and tumor buds. Tumor 
budding and the micropapillary pattern may both be 
derived from PGCCs and their budding daughter 
cells [7].  

Results of immunocytochemical (ICC) staining 
and western blot showed that the level of cytokeratin 
7 (CK7) expression increased after CoCl2 treatment. 
CK7 was first isolated and purified by Kaba et al. in 
1988 [8] and was also named sarcolectin (SCL) 
because of its high concentration in human 
osteosarcomas [9]. Cytokeratin 7 (CK7) is specifically 
expressed in the simple epithelia lining the cavities of 
internal organs and in transitional epithelium. 
Epithelial cells of the lung and breast can express 
CK7, but glandular epithelia of the colon and prostate 
do not express CK7 [10]. As the CK7 antigen is found 
in both healthy and neoplastic cells, antibodies 
against CK7 together with CK20 can be used for 
immunohistochemistry (IHC) staining to determine 
the origin of the tumor. Most CRCs show positive IHC 
staining for CK20 and negative staining for CK7. 
However, in clinical application, some CRCs show 
positive IHC staining for CK7. In this study, we 
provided evidence confirming that tumor cells 
expressing CK7 were associated with the location, 
differentiation, lymph node metastasis, and the 
Dukes’ stage of CRCs. In CK7 positive CRCs, the 
distribution of CK7 positive cells was not uniform. 
Single stromal PGCCs, cells growing in a 

micropapillary pattern, and intravascular tumor 
emboli were often strongly positive for CK7 IHC 
staining. 

Materials and Methods 
1. Patients  

The Institutional Review Board of Tianjin Union 
Medical Center approved this study, and patient 
anonymity was maintained. We searched the database 
at the Department of Pathology for cases of CRC. A 
total of 178 CRC cases were selected and categorized 
into 2 groups: 71 cases of CK7 positive and 107 cases 
of CK7 negative CRCs. CK7 positive CRCs from more 
than one thousand cases in our hospital were used to 
study the clinicopathological significance and 107 
cases of CK7 negative CRCs were used as a 
randomized controlled comparison. For the CK7 
negative group, no tumor cells yielded positive IHC 
staining results for CK7. For the CK7 positive group, 
diffuse or focal CK7 positive tumor cells were present 
in tumor tissue. No patients were treated prior to the 
radical resection of CRC. All patients were 
histologically diagnosed as having CRC based on the 
results of IHC staining. Antibodies against 4 proteins, 
namely CK20, villin, CDX-2, and cadherin 17, were 
used to confirm the origin of the cancer as the colon or 
rectum. Tumor cells positive for at least 3 of these 4 
proteins were regarded as originating from the 
colorectum. These CRCs were all adenocarcinomas 
excluding signet ring cell carcinomas, mucinous 
carcinomas and adenocarcinomas with focal mucous 
differentiation. Muc-2 IHC staining results were 
negative for these adenocarcinomas and the tumor 
foci were single.  

2. Immunohistochemistry (IHC) staining and 
assessment 

IHC staining was performed using the 
immunohistochemistry autostainer (BenchMark, 
Roche, Arizona, USA), which has been described in 
our previous published paper [11] . Briefly, the 
paraffin-embedded tissue samples were sectioned 
and deparaffinized using EZ prep solution 
(BenchMark, Roche, Arizona, USA). The endogenous 
peroxidase activity was inhibited and the sections 
were subjected to antigen retrieval in a 
cell-conditioning solution maintained at 95°C for 30 
min. After adding Liquid crystal solution 
(BenchMark, Roche, Arizona, USA), the sections were 
incubated at 37°C for 1 h with the appropriate 
primary antibodies, which included mouse anti-CK7 
(MXB Biotechnologies Inc., Fuzhou, China, Kit-0021, 
1:100 dilution), rabbit monoclonal anti-CDX2 (MXB 
Biotechnologies Inc., Fuzhou, China, RMA-0631, 1:100 
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dilution), mouse anti-CK20 (MXB Biotechnologies 
Inc., Fuzhou, China, Kit-0025, 1:100 dilution), mouse 
anti-villin (MXB Biotechnologies Inc., Fuzhou, China, 
MAB-0540, 1:100 dilution), and rabbit monoclonal 
anti-cadherin 17 (Zhongshan Golden Bridge 
Biotechnology, Beijing, China; ZA-0630, 1:200 
dilution). Phosphate buffered saline (PBS) was used 
instead of primary antibody in the negative controls. 
A secondary antibody was then added to the samples 
at 37°C for 15 min, and signals were detected using 
the chromogen 3,3’-diaminobenzidine (DAB). The 
sections were counterstained with hematoxylin, then 
dehydrated and mounted on a coverslip. Cytoplasmic 
immunoreactions for CK7, CK20, villin and cadherin 
17 IHC staining were considered as positive and 
CDX2 IHC staining showed dense positive brown 
nuclear immunoreactions. For CK20, villin, cadherin 
17 and CDX2 IHC staining, immunoreactions 
appeared in more than 50 percent cells was 
considered as positive. For CK7 IHC staining, the 
distribution of CK7 positive cells was not uniform in 
one slide and only a few of cancer cells (<10%) 
showed immunoreactions for CK7 IHC staining in 
some cases, which were also considered as positive.  

3. Dukes’ stage  
There are 4 stages in the Dukes’ system. Dukes’ 

A indicates that the cancer is in situ or has invaded the 
submucosa or muscularis propria. Dukes' B indicates 
that the cancer has invaded through the muscularis 
propria. Dukes’ C indicates that at least one regional 
lymph node is positive. Dukes' D indicates that the 
cancer has spread to other parts of the body [12, 13]. 

4. Culture of cancer cell lines and generation of 
polyploid giant cancer cells  

The human colorectal cancer cell lines LoVo and 
HCT116 were purchased from the American Type 
Culture Collection (USA) and cultured in RPMI-1640 
medium supplemented with 10% fetal bovine serum, 
100 U/mL penicillin, and 100 g/mL streptomycin. 
When the confluence of LoVo and HCT116 cells 
reached 90%, we treated LoVo with 300 μM of CoCl2 
(Sigma-Aldrich, St. Louis, MO, USA) for 72 h and 
HCT116 with 450 μM of CoCl2 for 48 h. Most diploid 
LoVo and HCT116 cells died following CoCl2 
treatment, whereas scattered PGCCs survived. A 
PGCC was defined as a tumor cell with a nucleus at 
least 3 times larger than that of a diploid tumor cell [6, 
12, 14].  

5. Hematoxylin-eosin staining  
Sections of 4 µm from formalin-fixed, 

paraffin-embedded spheroid tissues were 
deparaffinized, rehydrated, and counterstained with 
hematoxylin for 1 min and eosin for 2 min. The 

sections were then dehydrated and mounted on 
coverslips. 

6. Immunocytochemical (ICC) staining  
ICC staining using an avidin-biotin-peroxidase 

complex was performed as previously described [15]. 
LoVo and HCT116 cells were grown on glass 
coverslips before and after CoCl2 treatment until 90% 
confluence, after which the cells were fixed with 75% 
ethanol. After washing with PBS, these slides were 
incubated overnight with mouse anti-CK7 (MXB 
Biotechnologies Inc., Fuzhou, China, Kit-0021, 1:100 
dilution) at 4°C. Finally, the cells were counterstained 
with hematoxylin and examined under a microscope. 

7. Western blotting  
Western blot analyses were performed as 

described previously [6, 15]. Total protein of LoVo 
and HCT116 was extracted before and after treatment 
and the concentration was determined. The total 
protein was separated on sodium dodecyl sulfate 
polyacrylamide gels and transferred to 
polyvinylidene fluoride membranes (Amersham 
Hybond-P PVDF Membrane; GE Healthcare). The 
primary antibody used was CK7, with β-actin 
(Sigma-Aldrich) used as a control. 

8. Statistical analysis  
The statistical software SPSS 13.0 was used to 

statistically analyze the data in this study. A P < 0.05 
was considered statistically significant. Pearson′s 
chi-square (χ2) test was used to analyze the differences 
in location, differentiation, perineural invasion, 
intravascular tumor emboli, depth of infiltration, 
lymph node metastasis, and the Dukes’ stage between 
71 cases of CK7 positive and 107 cases of CK7 
negative CRC. 

Results 
1. Patients  

The 178 CRC patients included 71 CK7 positive 
and 107 CK7 negative cases. The 71 cases of CK7 
positive CRC comprised 39 men with a mean age of 
62.18 ± 11.88 and 32 women with a mean age of 61.47 
± 11.14. The 107 cases of CK7 negative CRC comprised 
68 men with a mean age of 63.59 ± 10.06 and 39 
women with a mean age of 66.00 ± 8.63.  

2. Clinical characteristics and findings  
According to the criteria by Harbaum L [16], the 

immunoreactivity of CK7 was categorized as 
‘negative’ (no tumor cells positive), ‘focal’ (<10% of 
tumor cells positive), ‘moderate’ (10–50%) or 
‘extensive’ (>50%). Distinct cytoplasmic 
immunoreactivity of CK7 was considered positive. 
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The clinical characteristics of the 178 cases of CRC 
including 71 CK7 positive (including focal, moderate 
and extensive positive) and 107 CK7 negative cases 
are summarized in Table 1. CK7 positivity was 
correlated with the location, differentiation, lymph 
node metastasis, and the Dukes’ stage. There was no 
correlation between CK7 positivity and perineural 
invasion, intravascular tumor thrombus, and the 
depth of infiltration.  

 

Table 1. The differences in location, differentiation, perineural 
invasion, intravascular tumor emboli, depth of infiltration, lymph 
node metastasis, and the Dukes’ stage between 71 cases of CK7 
positive CRC and 107 cases of CK7 negative CRC  

 CK7 
positive 

CK7 
negative 

χ2 P 

 n n   
Location Ascending colon 20 16 4.620 0.032 

Non-ascending colon  51 91 
Differentiation Well and moderately 

differentiated 
44 86 7.339 0.007 

Poorly differentiated 27 21 
Perineural invasion Yes 12 13 0.798 0.372 

No 59 94 
Intravascular tumor 
thrombus 

Yes 15 9 0.012 0.914 
No 56 98 

T T1 + T2 9 18 0.570 0.450 
T3 + T4 62 89 

Lymph node 
metastasis 

Yes 41 39 7.824 0.005 
No 30 68 

Dukes’ stage A + B 30 67 7.137 0.008 
C + D 41 40 

 
Endoscopy revealed that the tumor masses were 

located in the colon or rectum. The anatomic site of 
the tumor in 20 of the 71 cases of CK7 positive CRC 
and 16 of the 107 cases of CK7 negative CRC was the 
ascending colon. The difference in the number of 
cases where the tumor occurred in the ascending 
colon between CK7 positive and negative CRCs was 
statistically significant (χ2 = 4.620, P = 0.032). On 
microscopic examination, well and moderately 
differentiated CRCs were revealed in 44 (61.97%) of 
the CK7 positive cases. However, the percentage of 
well and moderately differentiated tumor was 80.37% 
(86 of 107) in CK7 negative CRCs. The difference in 
tumor differentiation between CK7 positive and 
negative CRCs was statistically significant (χ2 = 7.339, 
P = 0.007). There was lymph node metastasis in 
57.74% of cases (41 of 71) for CK7 positive CRCs 
compared with 36.45% (39 of 107) for CK7 negative 
CRCs. The difference in lymph node metastasis 
between CK7 positive and negative CRCs was 
statistically significant (χ2 = 7.824, P = 0.005). The 
percentage of Dukes A and B in CK7 positive CRCs 
(42.25%) was lower than that (62.62%) in CK7 
negative CRCs, and the difference was statistically 
significant (χ2 = 7.137, P = 0.008).  

3. CK7 expression was associated with tumor 
differentiation, metastasis and the formation 
of PGCCs 

As described above, CK7 expression was 
associated with the location, differentiation, lymph 
node metastasis, and the Dukes’ stage of CRCs. 
Results of CK7 IHC staining in 71 cases of CRCs 
showed that well (Fig. 1A-a and -b), moderately (Fig. 
1A-c and -d), and poorly differentiated (Fig. 1A-e and 
-f) CRCs could express CK7. However, there were 
differences in the distribution of CK7 positive cells in 
well, moderately, and poorly differentiated CRCs. 
CK7 positive tumor cells were often diffuse in poorly 
differentiated CRCs. In well and moderately 
differentiated CRCs, the distribution of CK7 positive 
cells was not uniform and was mainly at the edge of 
the cancer nests (Fig. 1B-a and -b) and the invasion 
front (Fig. 1B-c and -d). Furthermore, in well and 
moderately differentiated CRCs with CK7 positivity, 
single cancer cells with a scattered distribution almost 
always yielded positive IHC staining results for CK7 
and only some of the cells in the cancer nests yielded 
positive results for CK7 (Fig. 1B-e and -f). In poorly 
differentiated CRCs, almost all tumor cells were CK7 
positive (Fig. 1B-g and -h).  

Using the definition of PGCCs established by 
Zhang et al. [6], PGCCs with giant or multiple nuclei 
could be observed in CRCs, with some single PGCCs 
located in the stroma. Next, we evaluated the 
significance between single stromal PGCCs and CK7 
IHC staining in CRCs. The prognosis of CRC patients 
has been associated with the infiltration depth, tumor 
cell differentiation, and lymph node or distant 
metastasis. Tumor budding is an increasingly 
important morphological feature which correlates 
with lymph node or distant metastasis in CRCs [7]. 
We previously reported that PGCCs induced by CoCl2 
could generate daughter cells with strong migratory 
and invasive abilities. Single stromal PGCCs with 
budding daughter cells were associated with lymph 
node metastasis in CRCs [12]. PGCCs were observed 
in CRCs (Fig. 2A-a) and these PGCCs yielded positive 
IHC staining results for CK7 (Fig. 2A-b). Figures 2A-c 
and -d show a single PGCC in the stroma that yielded 
positive results for CK7 IHC staining. We previously 
reported that the number of PGCCs was associated 
with CRC differentiation [12] and a higher number of 
PGCCs was observed in poorly differentiated CRCs 
than in well and moderately differentiated CRCs. 
Figure 2A-e shows that there were many single 
PGCCs in poorly differentiated CRCs and these 
PGCCs could generated daughter cells. Both PGCCs 
and their daughter cells yielded positive IHC staining 
results for CK7 (Fig. 2A-f). Furthermore, 
micropapillary pattern and intravascular tumor 
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emboli in carcinomas were associated with a greater 
frequency of lymphovascular invasion, lymph node 
metastases, and poor prognosis [17]. In well and 
moderately differentiated CRCs, the distribution of 
CK7 positive cells was not uniform and only a few 
tumor cells yielded positive IHC staining results for 
CK7. However, tumor cells within the intravascular 
tumor emboli (Fig. 2B-a and -b), micropapillary 
pattern (Fig. 2B-c and -d), and lymph node metastases 
(Fig. 2B-e and -f) always showed CK7 positive 
staining, which showed that CK7 positive tumor cells 
had strong infiltration and invasion abilities.  

4. Formation of PGCCs in response to CoCl2 
treatment  

PGCCs of LoVo and HCT116 were induced by 
CoCl2 treatment. The control LoVo (Fig. 3A-a) and 
HCT116 (Fig. 3A-d) cells were irregular in shape. 

Scattered PGCCs were observed in control LoVo and 
HCT116 before CoCl2 treatment. After treatment with 
CoCl2, PGCCs could be clearly visualized after 
removing floating dead cells (Fig. 3A-b and -e). After 
recovery from CoCl2 treatment, PGCCs could 
generate daughter cells via budding (Fig. 3A-c and -f). 

5. CK7 expression was increased in LoVo and 
HCT116 after CoCl2 treatment 

PGCCs with budding daughter cells and the 
control cells were cultured on coverslips. We 
performed CK7 ICC staining in LoVo and HCT116 
before and after CoCl2 treatment. Results of ICC 
staining showed that the control LoVo (Fig. 3B-a) and 
HCT116 (Fig. 3B-d) cells showed negative staining 
results for CK7. The scattered PGCCs in control LoVo 
and HCT116 yielded positive ICC staining results for 
CK7. When LoVo and HCT116 were treated with 

 

 
Figure 1. A. CK7 expression in CRCs with different differentiation statuses. (a) Well differentiated CRCs (H&E, 10×). (b) CK7 positive staining of (a) (IHC, 10×). (c) Moderately 
differentiated CRCs (H&E, 10×). (d) CK7 positive staining of (c) (IHC, 10×). (e) Poorly differentiated CRCs (H&E, 10×). (f) CK7 positive staining of (e) (IHC, 10×). B. Distribution 
of CK7 positive cells in CRCs. (a) H&E staining of CRC with solid nested distribution (H&E, 10×). (b) CK7 IHC staining of (a) (IHC, 10×). (c) H&E staining of CRC at the invasion 
front (H&E, 10×). (d) CK7 IHC staining of (c) (IHC, 10×). (e) H&E staining of well differentiated CRC with scattered distribution of single cancer cells (H&E, 10×). (f) CK7 IHC 
staining of (e) (IHC, 10×). (g) H&E staining of poorly differentiated CRC (H&E, 10×). (h) CK7 IHC staining of (g) (IHC, 10×). 
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CoCl2, the surviving PGCCs recovered from CoCl2 
treatment and generated daughter cells. PGCCs and 
some daughter cells yielded positive ICC staining 
results for CK7 (Fig. 3B-c and -f). CK7 was localized in 
the cytoplasm of PGCCs and their daughter cells. 
LoVo and HCT116 were treated with CoCl2 3 times. 
When the PGCCs of LoVo and HCT116 recovered 
from CoCl2 treatment and generated daughter cells, 
these cells were harvested for western blot analysis. 
Western blot analysis confirmed that CK7 expression 
was increased in PGCCs and their budding daughter 
cells compared to control LoVo and HCT116 (Fig. 3C). 

Discussion 
Tumor cell invasion and metastasis are key 

factors for tumor recurrence and patient prognosis. 
The clinical staging of CRC is mainly based on the 
invasive depth of tumor cells and the presence of 
metastasis. In the current study, according to the 
results of CK7 IHC staining, 178 CRC cases were 
categorized into 2 groups: CK7 positive and CK7 
negative. We provided evidence showing that CK7 
positivity was associated with the location, 

differentiation, lymph node metastasis, and the 
Dukes’ stage of CRCs. For the CK7 negative group, no 
tumor cells yielded positive IHC staining results for 
CK7. For the CK7 positive group, diffuse or focal CK7 
positive tumor cells were present in tumor tissue. The 
diffuse distribution of CK7 positive tumor cells was 
often present in poorly differentiated CRCs. In well 
and moderately differentiated CRCs, the distribution 
of CK7 positive cells was not uniform and was mainly 
at the edge of cancer nests, the invasion front, tumor 
buds [16], single stromal PGCCs, intravascular tumor 
emboli, and cells growing in a micropapillary pattern. 
Furthermore, CK7 positivity is associated with the 
anatomic site of the tumor and there were more CK7 
positive cases in the ascending colon. Tumor location 
of CRC is a fundamental factor affecting the pathways 
to metastasis and different anatomic site of CRC has 
different macroscopic properties, different dominant 
pathways to relapse, and different treatment methods 
[18]. Ascending colon cancer exhibits different 
histological and molecular characteristics compared 
with the left-side colon cancer [19].  

 
 

 
Figure 2. A. PGCCs and their generated daughter cells were CK7 positive. (a). PGCCs in CRC (H&E, 10×). (b) PGCCs in CRC yielded positive IHC staining results for CK7 
(IHC, 10×). (c) Single stroma PGCCs in CRC (H&E, 10×). (d) Single stroma PGCCs yielded positive IHC staining results for CK7 (black arrows) (IHC, 10×). (e) PGCCs (black 
arrows) with their generated daughter cells (red arrows) (H&E, 10×). (f) Both PGCCs (black arrows) and their generated daughter cells (red arrows) yielded positive IHC staining 
results for CK7 (IHC, 10×). B. Tumor emboli cancer cells with micropapillary pattern and lymph node metastatic cancer cells yielded positive IHC staining results for CK7. (a) 
Tumor emboli in CRCs (H&E, 10×). (b) Tumor emboli of (a) yielded positive results for CK7 (IHC, 10×). (c) Cells growing in a micropapillary pattern in CRCs (H&E, 10×). (d) 
Cells growing in a micropapillary pattern (a) yielded positive results for CK7 (IHC, 10×). (e) Lymph node metastatic tumor cells in CRCs (H&E, 10×). (f) Lymph node metastatic 
tumor cells of (a) yielded positive results for CK7 (IHC, 10×). 
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Figure 3. A. Morphological characteristics of LoVo and HCT116 before and after CoCl2 treatment. (a) Morphological characteristics of LoVo cells before CoCl2 treatment 
(10×). (b) LoVo PGCCs survived the treatment of 300 µM CoCl2 for 48 h (black arrows, 10×). (c) LoVo PGCCs (black arrows) generated daughter cells (red arrows) after CoCl2 
treatment (10×). (d) Morphological characteristics of HCT116 cells before CoCl2 treatment (10×). (e) HCT116 PGCCs survived the treatment of 300 µM CoCl2 for 48 h (black 
arrows, 10×). (f) HCT116 PGCCs (black arrows) generated daughter cells (red arrows) after CoCl2 treatment (10×). B. CK7 IHC staining of LoVo and HCT116 before and after 
CoCl2 treatment. (a) Control LoVo cells yielded negative IHC staining results for CK7 (IHC, 10×). (b) Few PGCCs from LoVo (black arrows) yielded positive IHC staining results 
for CK7 before CoCl2 treatment (IHC, 10×). (c) More PGCCs of LoVo (black arrows) were strongly positive for CK7 IHC staining after CoCl2 treatment (IHC, 10×). (d) Control 
HCT116 cells yielded negative IHC staining results for CK7 (IHC, 10×). (b) Few PGCCs from HCT116 (black arrows) yielded positive IHC staining results for CK7 before CoCl2 
treatment (IHC, 10×). (c) PGCCs of HCT116 (black arrows) were strongly positive for CK7 IHC staining after CoCl2 treatment (IHC, 10×).  

 
We have proven that PGCCs could be induced in 

vitro and generate daughter cells via budding [20-22]. 
ICC and western blotting also confirmed that LoVo 
and HCT116 PGCCs and their daughter cells had 
higher CK7 expression than the control cells. PGCCs 
were often located at the invasion front, which is the 
boundary of tumor infiltration into normal tissue. We 
previously reported that there were more PGCCs in 
poorly differentiated CRCs than in well and 

moderately differentiated CRCs [12]. Single stromal 
PGCCs were associated with tumor metastasis in 
CRCs and ovarian carcinomas [23], and tumors with 
single stromal PGCCs have been shown to be highly 
aggressive. Lv et al. reported that high-grade ovarian 
carcinoma had more single stromal PGCCs than 
low-grade ovarian carcinoma [23, 24]. Single stromal 
PGCCs with budding were also observed in CRCs 
[12].  
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There is a close association between single 
stromal PGCCs, tumor budding, and micropapillary 
pattern. Understanding this association can help us to 
further explore the basis of tumor metastasis and 
patient prognosis. Tumor cell morphology at the 
invasion front is different from that in the tumor 
center. We previously reported that tumor budding 
was due to single stromal PGCCs or daughter cells 
budding from PGCCs [12]. The budding daughter 
cells with strong migratory and invasive abilities can 
easily metastasize to lymph nodes or distant organs 
by expressing epithelial mesenchymal transition 
(EMT) related proteins.  

Furthermore, the micropapillary pattern is 
formed by small clusters of tumor cells without 
vessels and stromal cells in the middle of a tumor 
cluster [25]. It has been reported to appear in cancers 
of the breast, bladder, lung, pancreas, ovary, 
urothelial tract, and stomach [26-29] and is associated 
with tumor differentiation, lymph node and distant 
metastasis, and lymphovascular tumor emboli [7, 17]. 
PGCCs appear in most of micropapillary carcinoma 
patterns and tumor buds [7, 12, 30]. A similar 
morphological structure of the micropapillary pattern 
called cancer organotypic structure, which consists of 
PGCCs and their daughter cells, could be induced by 
paclitaxel in the breast cancer cell line MCF-7 [15]. 
Tumor budding may have the same origin as the 
micropapillary pattern, and they may both be derived 
from PGCCs and their budding daughter cells, which 
show strong invasive abilities. Tumor budding is 
associated with lymph node or distant metastasis and 
patient prognosis in CRCs [31, 32]. Tumor budding 
was first described by Imai who noticed cells 
sprouting from the edge of tumor nests [33] and 
referred to them as clusters of cancer cells composed 
of fewer than 5 cancer cells. Similar to single stromal 
PGCCs, tumor budding was also mainly located at the 
invasion front [34-36]. Furthermore, the number of 
tumor buds was positively correlated with the rate of 
tumor metastasis in CRCs, which was proven by Hase 
et al. [37] and Ueno et al [38-41].  

CK7 is a protein that is encoded by the KRT7 
gene in humans and is specifically expressed in the 
simple epithelia lining the cavities of internal organs 
and in the gland ducts and blood vessels. In general, 
the epithelial cells of the lung and breast can express 
CK7, but glandular epithelia of the colon and prostate 
do not contain CK7. In this study, we confirmed that 
some CRCs could express CK7 and positive CK7 IHC 
staining in CRCs was associated with tumor location, 
differentiation, and lymph node metastasis. It was 
reported that CK7 is present in fetal cells and is 
expressed in the metaplastic and neoplastic epithelial 
cells of the stomach; CK7 expression in the stomach 

could be defined by a fetal-like, dedifferentiated 
cellular phenotype during the development of 
metaplasia and neoplasia [42]. CK20 can be used to 
identify a range of adenocarcinoma arising from 
colorectum, transitional cell carcinomas, but is absent 
in lung cancer, prostate cancer, and non-mucinous 
ovarian cancer. It is often used in combination with 
antibodies to CK7 to distinguish different types of 
adenocarcinoma [10]. Our previous studies have 
confirmed that PGCCs had the properties of cancer 
stem cells [6, 12, 14, 15]. Results of ICC staining 
showed that PGCCs and their daughter cells were 
strongly positive for CK7. Tumor buds and the 
micropapillary pattern were composed of PGCCs and 
their daughter cells, which also yielded positive IHC 
staining results for CK7. Furthermore, hyperplastic 
polyps and serrated adenoma in the colorectum 
yielded positive staining results for CK7 and 
canalicular adenoma yielded negative results for 
CK20. Hyperplastic polyp and serrated adenoma have 
a high rate of canceration, which may be correlated 
with CK7 expression, a marker of dedifferentiated 
epithelial cells [43]. It is reported that CK7 was 
positive associated with ulcerative colitis 
(UC)-associated neoplasms [44]. In serrated polyps 
from inflammatory bowel disease patients, dysplasia 
grade correlated with BRAF and KRAS mutation 
status, prevalent conventional neoplasia, and rates of 
advanced neoplasia development [45]. CRCs that 
evolve through serrated pathways are 
over-represented in the proximal colon [43, 46], which 
is in accordance with CK7 expression associated with 
the location of CRCs. Thirdly, Landau MS et al. 
reported that CK7 expression related with the status 
of BRAF and microsatellite stability and there was 
more expression of CK7 in BRAF-mutated 
microsatellite stable (MSS) colorectal carcinoma 
compared to both BRAF-mutated high-level 
microsatellite instability (MSI-H) colorectal carcinoma 
and BRAF wild-type MSS colorectal carcinoma [47]. 

Conclusion 
Our data demonstrated that CK7 positivity was 

associated with the location, differentiation, lymph 
node metastasis, and the Dukes’ stage of CRCs. CK7 
positive cells were not uniformly distributed and 
mainly were distributed at the edge of cancer nests, 
the invasion front, tumor buds, as single stromal 
PGCCs, in intravascular tumor emboli, and in the 
micropapillary pattern. However, further studies are 
required to elucidate the detailed molecular 
mechanisms of CK7 positivity and its association with 
tumor lymph node metastasis and regulation of signal 
pathways.  
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