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Abstract. Presence of nuclear atypia during histological 
investigation is often a cause of concern for pathologists while 
identifying tumor and non‑tumor cells in a biopsy sample 
of oral mucosa. Nuclear atypia is observed in severe inflam‑
mation, ulcers and reactive changes. Therefore, additional 
methods, such as immunohistochemistry, may help precise 
diagnosis. When the atypia is suggestive of tumorous or 
reactive origin, the lesion is diagnosed as atypical squamous 
epithelium (ASE). When there is severe nuclear atypia in the 
mucosa, such as in disorders of nuclear polarity, large nuclei, 
and clear nucleolus, the lesion is diagnosed as carcinoma 
in situ (CIS). However, it is not easy to distinguish ASE and 
CIS using hematoxylin and eosin staining. The present study 
aimed to distinguish ASE from CIS using immunohisto‑
chemistry. A total of 32 biopsy samples of either ASE or CIS 
cases were selected and the level of casein kinase 1ε (CK‑1ε), 
differentiated embryonic chondrocyte gene 1 (DEC1), prolif‑
erating cell nuclear antigen (PCNA) and CD44, which are four 
protein markers which have been previously linked to cancer 
progression, were analyzed. CK‑1ε and CD44 expression was 
higher in CIS samples than in ASE samples. However, DEC1 

expression was lower in CIS samples than in ASE samples. 
PCNA expression was not markedly different between the two 
groups. Additionally, it was found that DEC1‑overexpressing 
cells had decreased levels of CK‑1ε and CD44 compared with 
control cells, while CK‑1ε‑overexpressing cells had relatively 
unchanged levels of CD44, DEC1 and PCNA. These results 
suggested that DEC1 negatively regulates the expression of 
CK‑1ε and CD44. Thus, DEC1, CK‑1ε, and CD44 were identi‑
fied as mechanistically linked and clinically relevant protein 
biomarkers, which could help distinguish ASE and CIS.

Introduction

Advanced oral squamous cell carcinoma (OSCC) is character‑
ized by invasion of surrounding tissues, metastasis to lymph 
nodes, resistance to chemotherapy, and poor prognosis (1,2). 
Most OSCC cases develop from oral epithelial dysplasia (OED) 
and carcinoma in situ (CIS) (2,3). Clinically, the mass or ulcer 
is obtained from the tongue, gingiva, oral floor and buccal 
mucosa of the patients (1‑4). Histologically, sampled tissue is 
diagnosed as atypical squamous epithelium (ASE), OED, CIS, 
or SCC, depending on the grade of nuclear atypia and stromal 
invasion (2,3,5). However, it is often difficult to determine ASE, 
OED, or CIS based on hematoxylin and eosin (H&E) findings 
alone (4‑6). Therefore, immunohistochemistry may be helpful 
in such cases (4‑6).

Casein kinase 1ε (CK‑1ε) is an enzyme of the casein kinase 
family and regulates cell proliferation, migration, and circadian 
rhythm (7‑9). The level of CK‑1ε in ovarian cancer cells is higher 
than that in non‑cancerous cells (10). Differentiated embryonic 
chondrocyte gene 1 (DEC1) is a basic helix‑loop‑helix transcrip‑
tion factor, which regulates inflammation, apoptosis, migration 
epithelial mesenchymal transition (EMT), cell differentiation, 
and circadian rhythm (11‑16). It has been revealed that DEC1 
is highly expressed in tumor cells compared with non‑tumor 
cells of the cervical, pancreatic and oral lineages (12,13,15). 
Proliferating cell nuclear antigen (PCNA) is a nuclear marker 
of G1/S phase cell cycle regulation (17). It was recently demon‑
strated that differences in the localization of positive PCNA 
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staining may distinguish between conventional squamous cell 
carcinoma and basaloid squamous cell carcinoma (4). CD44 is a 
known cancer stem cell marker that regulates cell proliferation 
and migration and is highly expressed in dysplasia and OSCC 
compared with non‑tumor cells (18‑20). However, this has not 
been revealed in ASE and CIS. The present study aimed to 
immunohistochemically examine the expression levels of CK‑1ε, 
DEC1, PCNA and CD44 in biopsy samples of ASE and CIS.

Materials and methods

Tissue preparation. Histological biopsy specimens between 
December  2012 and December  2018 were retrieved from 
the archives of the Department of Diagnostic Pathology of 
Wakayama Medical University (Wakayama, Japan) according to 
the guidelines of the Japanese Society of Pathology. The present 
study was approved (approval no. 1715) by the Research Ethics 
Committee of Wakayama Medical University and histological 
specimens were retrieved from Wakayama Medical University 
hospital archives. Oral informed consents were provided by all 
patients for the use of their tissues.

A total of 20 cases of ASE and 12 cases of CIS were selected. 
Diagnoses were performed by at least two pathologists. In the 
present study, ASE tissues with or without inflammatory and 
benign lesions were used. CIS with obvious nuclear atypia was 
used but invasive OSCC was not included. Clinical and histo‑
logical information are presented in Table I. The percentage of 
intensity score was calculated using Microsoft excel.

Immunohistochemistry. CK‑1ε, DEC1, PCNA and CD44 
expression levels in ASE and CIS tissues were profiled using 
a Discovery Auto‑Stainer with automated protocols (soft‑
ware Nex‑ES v10.6) (Ventana Medical Systems, Inc.; Roche 
Diagnostics) as previously described (4).

Cell culture and treatment. CA9‑22 cells (cat. no. JCRB0625) 
were obtained from the Japanese Cancer Research Resources 
Bank and used until passage five. CA9‑22 cells stably 
overexpressing DEC1 (CA9‑22DEC1) and control empty 
vector‑transfected cells (CA9‑22vector) were evaluated for stable 
cells as previously described (21). These cells were cultured in 
Dulbecco's modified Eagle's medium (Sigma‑Aldrich; Merck 
KGaA) as previously described (4,21). Transient plasmid trans‑
fection of a FLAG‑tagged CK‑1ε was performed using FuGENE 
HD (Promega Corporation) as previously described (22).

Western blotting. CA9‑22 cells were lysed using M‑PER lysis 
buffer (Thermo Fisher Scientific, Inc.) and protein concentration 
was determined by bicinchoninic acid (BCA) assay. 40 µg of 
protein was loaded on 12.5% SDS‑polyacrylamide gels. The 
separated proteins were subsequently transferred onto PVDF 
membranes, which were incubated with primary antibodies 
overnight at 4˚C. The incubation with secondary antibodies was 
performed for 1 h at room temperature. Western blotting was 
performed as previously described (4). AE‑9300 Ez capture 
MG (ATTO) was used to capture images. Three independent 
biological replicates were performed.

Antibodies. The following commercial antibodies were used: 
CK‑1ε (1:200, mouse monoclonal; cat. no. sc‑373912; Santa 

Cruz Biotechnology, Inc.), DEC1 (1:400; rabbit polyclonal; cat. 
no. NB100‑1800; Novus Biologicals, LLC), PCNA (1:1,000; 
mouse monoclonal; cat. no. sc‑56), HCAM (CD44; 1:200; mouse 
monoclonal; sc‑7297; both from Santa Cruz Biotechnology, Inc.), 
FLAG (1:1,000; mouse monoclonal; cat. no. F3165) and actin 
(1:10,000; mouse monoclonal, A5441; both from Sigma‑Aldrich; 
Merck KGaA). Anti‑rabbit and mouse HRP IgG secondary anti‑
bodies (1:5,000; cat. nos. 17502 and 17601, respectively) were 
purchased from Immuno‑Biological Laboratories, Co., Ltd.

Results

Histological features of ASE and CIS. Representative histo‑
logical H&E‑stained images for cases 1 and 2 of ASE, and 21 
and 31 of CIS, respectively, are revealed in Fig. 1. Mild nuclear 
atypia was observed in the ASE samples, whereas severe nuclear 
atypia was observed in the CIS samples.

Immunohistochemical detection of CK‑1ε, DEC1, PCNA, and 
CD44 in ASE and CIS. Representative images of CK‑1ε and 
DEC1 immunoreactivities for cases 1 and 2 of ASE and 21 and 
31 of CIS are shown in Fig. 2. A total of three grades (1, weak; 
2, moderate; and 3, strong) of intensity were defined by immu‑
nohistochemistry. CK‑1ε was weakly expressed in the nuclei of 
ASE samples (100% with intensity levels 1‑2), whereas it was 
strongly expressed in the nuclei of CIS samples (100% with 
intensity levels 2‑3) (Tables I and II). By contrast, DEC1 was 
strongly expressed in ASE and weakly expressed in CIS. All 
ASE samples stained with DEC1 had an intensity of 2 or 3, while 
88% of CIS samples stained with DEC1 had intensities of 1 or 2. 
Representative images of PCNA and CD44 immunoreactivities 
for cases 1 and 2 of ASE and 21 and 31 of CIS are presented 
in Fig. 3. PCNA was weakly and moderately expressed in the 
nucleus of ASE, and moderately and strongly expressed in the 
nucleus of CIS. Overall, 85% of the ASE samples stained with 
PCNA had intensities of 1 or 2, while 60% had an intensity of 
2. Collectively, 100% of the CIS samples stained with PCNA 
had intensities of 2 and 3. Furthermore, 90% of ASE samples 
stained with CD44 had intensities of 1 and 2, while 84% of the 
CIS samples had intensities of 2 and 3.

DEC1 overexpression decreases the expression of CK‑1ε and 
CD44 in oral cancer cells. It was further examined whether 
DEC1 overexpression in CA9‑22 cells (CA9‑22DEC1) affected 
the levels of CK‑1ε and CD44. CA9‑22‑DEC1‑overexpressing 
cells exhibited decreased expression of CK‑1ε and CD44 
(Fig. 4). In addition, it was previously reported that DEC1 over‑
expression decreases the expression of PCNA (21). The transient 
overexpression of CK‑1ε was effective, but it had little effect on 
the expression of CD44, DEC1 and PCNA. The present study 
suggested immunohistochemical strategies for distinguishing 
between ASE and CIS in Fig. 5.

Discussion

In the present study, the expression of CK‑1ε, DEC1, PCNA, 
and CD44 was examined in ASE and CIS biopsy samples. It 
was previously reported that DEC1 expression was increased 
in invasive cancer cells compared with that in non‑cancerous 
cells (13). Notably, DEC1 expression was lower in CIS than 
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Table I. Immunohistochemical detection of CK‑1ε, DEC1, PCNA and CD44 in ASE and CIS.

Case	A ge/Sex	L esions	D iagnosis	C K‑1ε	DEC 1	 PCNA  	CD 44

  1	 60/F	 Tongue	A SE	 1	 3	 2	 1
  2	 55/M	 Tongue	A SE	 1	 3	 2	 2
  3	 75/F	 Tongue	A SE	 1	 2	 1	 1
  4	 62/M	 Tongue	A SE	 1	 3	 1	 1
  5	 70/M	 Tongue	A SE	 1	 2	 2	 1
  6	 67/F	 Tongue	A SE	 1	 3	 3	 3
  7	 76/F	 Tongue	A SE	 1	 3	 3	 1
  8	 28/F	 Gingiva	A SE	 1	 2	 1	 1
  9	 69/F	 Gingiva	A SE	 1	 2	 1	 1
10	 65/F	 Gingiva	A SE	 1	 3	 1	 1
11	 58/F	 Gingiva	A SE	 1	 3	 2	 1
12	 59/F	 Gingiva	A SE	 1	 3	 2	 1
13	 77/F	 Gingiva	A SE	 1	 3	 2	 1
14	 84/F	 Gingiva	A SE	 2	 2	 2	 3
15	 74/M	 Buccal	A SE	 1	 3	 2	 1
16	 68/F	 Buccal	A SE	 1	 2	 2	 2
17	 74/M	 Buccal	A SE	 1	 3	 3	 1
18	 76/F	 Buccal	A SE	 1	 3	 2	 2
19	 77/F	 Oral floor	 ASE	 1	 3	 2	 1
20	 54/F	 Palate	A SE	 2	 3	 2	 1
21	 67/M	 Tongue	CI S	 3	 1	 3	 2
22	 78/M	 Tongue	CI S	 3	 3	 2	 2
23	 68/M	 Tongue	CI S	 2	 1	 3	 2
24	 60/M	 Tongue	CI S	 3	 1	 3	 3
25	 55/F	 Tongue	CI S	 3	 2	 3	 2
26	 74/M	 Gingiva	CI S	 3	 1	 2	 1
27	 69/F	 Gingiva	CI S	 2	 1	 3	 2
28	 71/M	 Gingiva	CI S	 2	 1	 3	 3
29	 80/F	 Buccal	CI S	 2	 1	 2	 3
30	 69/F	 Buccal	CI S	 3	 3	 2	 3
31	 84/F	 Palate	CI S	 3	 1	 2	 3
32	 78/F	 Palate	CI S	 2	 1	 2	 1

CK‑1ε, DEC1, PCNA and CD44 intensity was classified as follows: 1, weak; 2, moderate; and 3, strong. CK‑1ε, casein kinase 1ε; DEC1, 
differentiated embryonic chondrocyte gene 1; PCNA, proliferating cell nuclear antigen; ASE, atypical squamous epithelium; CIS, carcinoma 
in situ; F, female; M, male.

Figure 1. Histological features of ASE and CIS. Representative hematoxylin and eosin stain images of cases 1 and 2 of ASE and 21 and 31 of CIS. Top panel, 
x100 magnification. Bottom panel, x400 magnification. Scale bars, 200 µm. ASE, atypical squamous epithelium; CIS, carcinoma in situ.
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in ASE samples. In addition, DEC1 was reported to be 
more highly expressed in spindle lesions of EMT than 
in conventional invasive lesions  (12,15). Although DEC1 
expression was lower in CIS compared with ASE samples, 
invasive processes such as EMT from CIS may induce DEC1 

expression. It is well known that transforming growth factor 
beta (TGFβ) induces EMT and DEC1 expression in various 
cancer cells (15,23‑27). Consistent with this finding, DEC1 
expression was higher in ASE and invasive OSCC samples 
than that in CIS samples (12,13,15).

Figure 3. Immunoreactivities of PCNA and CD44 in ASE and CIS. Representative images for immunoreactivities of PCNA and CD44 in cases 1 and 2 of 
ASE and 21 and 31 of CIS. Top panel, x100 magnification. Bottom panel, x400 magnification. Scale bars, 200 µm. PCNA, proliferating cell nuclear antigen; 
ASE, atypical squamous epithelium; CIS, carcinoma in situ.

Figure 2. Immunoreactivities of CK‑1ε and DEC1 in ASE and CIS. Representative images for immunoreactivities of CK‑1ε  and DEC1 in cases 1 and 2 of ASE 
and 21 and 31 of CIS. Top panel, x100 magnification. Bottom panel, x400 magnification. Scale bars, 200 µm. CK‑1ε, casein kinase 1ε; DEC1, differentiated 
embryonic chondrocyte gene 1; ASE, atypical squamous epithelium; CIS, carcinoma in situ.
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It has been reported that DEC1 promotes tumor progression, 
EMT, metastasis, and anti‑apoptotic activity via hypoxia‑induc‑
ible factor‑1α, TGFβ and SMAD3  (14,21). CD44 promotes 
tumor proliferation, invasion and anti‑apoptotic functions (28). 
DEC1 negatively regulates the expression of stem cell markers 
SOX2 and c‑MYC in cervical cancer cells (12). Consistent with 
this, it was observed that the cancer stem cell marker CD44 
was decreased in CA9‑22‑DEC1‑overexpressing cells. In addi‑
tion, opposite expression patterns of DEC1 and CD44 were 
observed in ASE and CIS samples. These results suggested that 
DEC1 negatively regulated CD44 expression, although both the 
expression levels of DEC1 and CD44 were higher in invasive 
cancer cells. DEC1 regulates target genes by binding E‑boxes 
and sp1 sites (14,16,22). Notably, overexpression of circadian 
clock gene Period2 (PER2) decreased CD44 expression in 
lung cancer cells (29). Since DEC1 negatively regulates PER2 
through E‑boxes (14,16), it is possible that DEC1 regulates CD44 
via E‑boxes. It was hypothesized that DEC1 suppresses CD44 
expression to slow the invasive progression of OSCC. Future 

studies are required to clarify how DEC1 regulates CD44. It was 
revealed that CK‑1ε expression is similar to that of CD44. Low 
expression levels of CK‑1ε have been associated with poor prog‑
nosis in advanced OSCC (30). These previous results suggested 
that CK‑1ε expression is inversely correlated with DEC1 in CIS 
and in invasive OSCC. Therefore, DEC1 negatively regulates 
CK‑1ε. In the present study, no marked changes in PCNA were 
identified in ASE and CIS. However, it was observed that DEC1 
overexpression decreased the PCNA expression in CA9‑22 cells, 
as previously described (21). It was hypothesized that DEC1 
negatively regulates PCNA in invasive OSCC but not in CIS. 
Clarification on how these molecules functionally regulate ASE 
and CIS, using a mouse model, is warranted in future studies.

CK13 and CK17 have been previously used to distinguish 
between ASE and CIS (1,6). In CIS, the expression of CK13 
is decreased whereas that of CK17 is increased. Τhe use of 
additional immunohistochemical markers such as CK‑1ε, DEC1, 
CD44, CK13 and CK17 is suggested to distinguish ASE and 
CIS. However, changes in these immunohistochemical markers 
are often observed upon severe inflammation, such as in active 
ulcers and in ASE. Furthermore, the usefulness of biopsies to 
distinguish between ASE and CIS is limited since ASE occa‑
sionally exhibits severe nuclear atypia. Therefore, the difference 
between ASE and CIS should be clarified using resected samples. 
Another limitation was the small sample size and the absence of 
statistical analysis to quantify results in the present study. As a 
result, a larger number of samples needs to be examined in future 
studies.
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Figure 5. Pathological differentiation of ASE and CIS. Immunohistochemical 
findings of CK13, CK17, DEC1, CK‑1ε and CD44 may help distinguish 
between ASE and CIS. A diagnosis of CIS using IHC is indicated by decreased 
expression of CK13 and DEC1 and increased expression of CK17, CK‑1ε and 
CD44. ASE, atypical squamous epithelium; CIS, carcinoma in situ; DEC1, 
differentiated embryonic chondrocyte gene 1; CK‑1ε,  casein kinase 1ε; 
IHC, immunohistochemistry; H&E, hematoxylin and eosin staining.

Figure 4. DEC1 overexpression decreases the expression of CK‑1ε  and CD44 
in oral cancer CA9‑22 cells. Representative western blots of CK‑1ε, CD44, 
and actin in cells with a control vector or cells stably overexpressing DEC1 
(left panel). Representative western blots of FLAG, CD44, DEC1, PCNA and 
actin in cells expressing control vector or cells transiently overexpressing 
CK‑1ε. DEC1, differentiated embryonic chondrocyte gene 1; CK‑1ε, casein 
kinase 1ε; PCNA, proliferating cell nuclear antigen.

Table II. Percentage of intensity score of CK‑1ε, DEC1, PCNA 
and CD44 in ASE and CIS.

Intensity	C K‑1ε (%)	DEC 1 (%)	 PCNA (%)	CD 44 (%)

ASE				  
  1	 90	 0	 25	 75
  2	 10	 30	 60	 15
  3	 0	 70	 15	 10
CIS				  
  1	 0	 75	 0	 16
  2	 42	 8	 50	 42
  3	 58	 17	 50	 42

CK‑1ε, casein kinase 1ε; DEC1, differentiated embryonic chondro‑
cyte gene 1; PCNA, proliferating cell nuclear antigen; ASE, atypical 
squamous epithelium; CIS, carcinoma in situ.
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