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SIGNIFICANCE
Cytokeratin 18 is expressed in adenocarcinoma and its 
soluble forms are detected by M30 (for caspase-cleaved 
form) and M65 (for both caspase-cleaved and intact forms) 
assays. Serum M30 and M65 levels are potential tumour 
markers in various types of cancer. Immunohistochemical 
analysis found that tumour cells in extramammary Paget’s 
disease expressed cytokeratin 18. Furthermore, serum M30 
and M65 levels in patients with metastatic extramammary 
Paget’s disease were significantly higher than those in non-
metastatic patients, and serial serum M30 and M65 levels 
might reflect recurrence and response to chemotherapy. 
Therefore, serum cytokeratin 18 levels may be a useful tu-
mour marker for advanced extramammary Paget’s disease.

Extramammary Paget’s disease (EMPD) is a rare cuta-
neous adenocarcinoma with unfavourable prognosis 
once it becomes invasive. A tumour marker that reflects 
disease progression is required for adequate manage-
ment of EMPD. Cytokeratin 18 is highly expressed in 
many types of cancer and its soluble forms are detected 
by M30 (for caspase-cleaved form) and M65 (for both 
caspase-cleaved and intact forms) assays. We report 
here that tumour cells of EMPD in both lesional skin and 
lymph node metastasis are immunohistochemically po-
sitive for CK18, and the baseline serum M30 and M65 
levels in patients with metastatic EMPD are significant-
ly higher than those in non-metastatic patients. In ad-
dition, serial serum M30 and M65 levels might reflect 
recurrence of EMPD and response to chemotherapy. 
These results suggest that serum CK18 levels may be a 
useful tumour marker for advanced EMPD.

Key words: extramammary Paget’s disease; cytokeratin 18; tu-
mour marker.
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Extramammary Paget’s disease (EMPD) is a rare 
cutaneous adenocarcinoma that generally affects the 

genital and axillary regions in elderly patients. Although 
the pathogenesis of EMPD is unknown, it is reported 
to resemble breast cancer in immunohistochemical and 
molecular profiles (1). The prognosis is good in most 
cases, as the tumour cells often remain in situ. However, 
once EMPD invades the dermis the prognosis is poor, 
with lymph node metastasis or distant metastasis (2). 
Therefore, a tumour marker that reflects disease progres­
sion is required for better management of EMPD. There 
is currently no established chemotherapy for advanced 
EMPD, because of the rarity of this disease and the lack 
of clinical trials. Previously described regimens include 
docetaxel (DTX) monotherapy; low-dose 5-fluorouracil 
plus cisplatin; 5-fluorouracil, epirubicin, carboplatin, 
vincristine, and mitomycin; DTX plus S-1; S-1 monoth­
erapy; and cisplatin, epirubicin, and paclitaxel combina­
tion therapy (3). Of these, DTX monotherapy has been 
studied in relatively large cohorts of patients, with a 
reported response rate of 31.8–58.3% (3). 

Cytokeratins (CKs) are major structural proteins found 
in various types of epithelial cells (4). CK18 is expressed 
in many types of simple epithelial tissues and human car­
cinoma cells, such as those of the breast, prostate, lung, 
colon, and ovary (5). A recent report on CK18 expres­
sion in 115 different tumour types and subtypes, using 
immunohistochemistry, showed that CK18 is positive in 
all cases of adenocarcinomas of the lung, cervix uteri, 
small intestine, prostate and pancreas (6). Furthermore, 
CK18 is strongly positive in almost all cases of adeno­
carcinomas of the small intestine and prostate. On the 
other hand, CK 18 is negatively stained in all cases of 
skin tumours, such as malignant melanoma and basal 
cell carcinoma, and soft tissue tumours, such as dermato­
fibrosarcoma protuberans, Kaposi sarcoma, liposarcoma 
and leiomyosarcoma. The relationship between CK18 
expression and clinical data has been analysed in some 
cancer types. For example, low levels of CK18 were 
associated with tumour-node-metastasis (TNM) stage, 
lymph node metastasis and unfavourable survival in 
patients with breast cancer (7). Likewise, downregulation 
of CK18 was related to paclitaxel-resistance and tumour 
aggressiveness in prostate cancer (8).

Although CK18 is insoluble at physiological salt 
concentrations, it is released from human carcinoma 
cells during cell death. CK18 has been reported to be 
a tumour marker for various types of carcinoma (9). 
Tumour cells of EMPD are also reported to be positive 
for CK18 in an immunohistochemical study (10). The 
soluble CK18 fragments from tumour cells are released 
into the extracellular compartment either by apoptosis or 
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necrosis (5). Therefore, the release of CK18 is a marker of 
epithelial cell death as well as apoptosis. M30 and M65, 
relatively new enzyme-linked immunoassay (ELISA) 
assays, can be used to detect different circulating forms 
of CK18 in serum (11). The M30 assay is postulated as 
a selective biomarker of apoptotic cell death, since it 
detects a neoepitope, which is revealed only after caspase 
cleavage of CK18 during the early stages of apoptosis. 
On the other hand, the M65 assay measures both caspase 
cleavage and cellular release of intact CK18, as it uses 
a different detection antibody from M30, which does 
not distinguish between the full-length protein and its 
fragments (5). Serum M30 and M65 levels are found 
to be elevated in patients with different types of carci­
noma and are investigated as a non-invasive method of 
monitoring or predicting tumour progression, prognosis, 
and response to chemotherapy. In particular, serum M30 
and M65 levels were significantly higher in patients with 
metastatic breast cancer than those with non-metastatic 
breast cancer (12). However, to date, the serum CK18 
levels in patients with EMPD have not been studied. 
The aim of this study was to retrospectively measure the 
serum levels of CK18 and assess the significance of this 
protein as a tumour marker in EMPD.

MATERIALS AND METHODS

Patients

Serum samples were collected from 11 healthy controls and 24 
patients with EMPD (19 patients before any type of treatment, 2 
patients at recurrence after resection, and 3 patients after the ini­
tiation of chemotherapy) from October 2010 to April 2020 at the 
Department of Dermatology, The University of Tokyo Hospital, 
Tokyo, Japan. Diagnosis of EMPD was histologically proved with 
a skin biopsy, and clinical staging was performed according to the 
TNM staging system for EMPD (2). At the time of histological 
diagnosis of EMPD, we performed routine computed tomography 
and general physical examination to rule out any associated inter­
nal malignancy. In this study, 1 patient was diagnosed with breast 
cancer during such investigations. Four patients with EMPD had 
a past medical history of internal malignancy (three with breast 
cancer and one with colorectal cancer), all of whom had completed 
treatment for internal malignancy. The site affected by EMPD was 
external genitalia in all of these 5 patients. Furthermore, immuno­
histochemical staining with gross cystic disease fluid protein 15, 
cytokeratin 7 and cytokeratin 20 was performed to rule out secon­
dary EMPD, which is represented by the epidermotropic spread 
of malignant cells from an underlying internal neoplasm (13). In 
cases in which the affected sites were near the anal or external 
urethral meatus, endoscopic investigations were also performed. 
Thus, patients with secondary EMPD were excluded in this study. 
For the analysis of serum M30 and M65 levels categorized by 
disease stage, serum samples from healthy controls, 19 patients 
with EMPD before any type of treatment, and 2 patients with 
EMPD at recurrence after resection were used. For analysis of the 
correlation between serum CK18 and carcinoembryonic antigen 
(CEA) levels, and of the serial serum levels in each patient, serum 
samples from all the patients with EMPD were used. The baseline 
patient characteristics are shown in Table I. Ten patients received 
chemotherapy; 8 patients received DTX only, one patient received 
S-1 only, and one patient received S-1 plus DTX. In these patients, 

response to treatment was evaluated according to the Response 
Evaluation Criteria in Solid Tumors version 1.1 guidelines. The 
evaluation results were recorded as complete response, partial 
response, stable disease, and progressive disease.

Serum M30 level has been reported to increase immediately 
after chemotherapy in breast cancer, reflecting apoptotic cell death 
induced by cytotoxic chemotherapy (14). Therefore, in this study, 
we included samples collected before each course of treatment to 
investigate the significance of these markers in terms of tumour 
volume instead of the cytotoxic effect of the chemotherapy. This 
study was performed according to the principles of the Declaration 
of Helsinki and approved by the ethics committee of the University 
of Tokyo Graduate School of Medicine. Written informed consent 
was obtained to use blood and skin samples from all patients and 
healthy controls.

Immunohistochemistry

For histological evaluation, tissue sections were deparaffinized and 
stained using mouse anti-CK18 antibodies (1:200, BioLegend, San 
Diego, CA, USA, Cat #628402). Since the eccrine sweat gland 
and the tumour cells of breast cancer are known to be positive for 
CK18 (4, 15, 16), samples of the eccrine sweat gland in normal 
skin and cutaneous metastasis from breast cancer were stained as 
positive controls. Normal epithelia and squamous cell carcinoma 
are stained as negative controls.

Enzyme-linked immunosorbent assay

The serum M30 and M65 levels were measured using M30 and 
M65 ELISA kits (PEVIVA, Bromma, Sweden) according to the 
manufacturer’s instructions. These kits are solid-phase sandwich 
enzyme immunoassays, in which samples react with a solid-phase 
capture antibody M5 directed against CK18 and the horseradish 
peroxide (HRP)-conjugated M30 antibody directed against the 
CK18Asp396 neo-epitope in soluble caspase-cleaved CK18 (for 
M30) or with a solid-phase capture antibody M6 directed against 
CK18 and the HRP-conjugated M5 antibody directed against a dif­
ferent epitope of CK18 (for M65). The absorbance was measured 
in a microplate reader at 450 nm. By plotting a standard curve from 
known concentrations of the samples provided as standards, M30 
and M65 levels were calculated and expressed in U/l. The reference 
median values in the normal Swedish population of M30 and M65 
are 94 U/l (95th percentile: 251) and 264 U/l (95th percentile: 413), 
respectively, according to the manufacturer’s instructions. CEA 
levels of some patients with advanced stage were measured in the 
hospital laboratory at any time, and these data were compared with 
the M30 and M65 levels measured by ELISA. 

Table I. Patient characteristics

Healthy controls
(n = 11)

EMPD patients
(n = 24)

Age, years (median) 62 71.5
Sex (F/M) 7/4 8/16
Serum haemoglobin level low/normal 0/11 3/21
Serum WBC count normal/high 10/1 23/1
C-reactive protein high/normal	 6/5 6/18
Serum LDH level normal/high 9/0 2/20
Smoker 1 10
Aspartate aminotransferase (U/l) median 19 21
Alanine transaminase (U/l) median 17 18
Disease stage
  Stage 0 4
  Stage I 2
  Stage II 8
  Stage III 1
  Stage IV 9

WBC: white blood cell; LDH: lactate dehydrogenase.
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Statistical analysis

Statistical analysis was performed using Prism Version 7 software 
(GraphPad, San Diego, CA, USA). Mann–Whitney U test was 
used for 2-group comparisons. Correlation coefficients were de­
termined using Spearman’s rank correlation test. p-values < 0.05 
were considered statistically significant. 

RESULTS

Immunohistochemical staining for CK18 in lesional skin 
of patients with extramammary Paget’s disease
Samples of EMPD lesional skin were immunolabelled 
for CK18. Tumour cells of EMPD in both lesional skin 
(Fig. 1A) and lymph node metastasis (Fig. 1B) were 
positive for CK18. As a positive control, skin samples 
of metastatic breast cancer were stained with CK18 
(Fig. 1C). CK18 was negative in keratinocytes (Fig. 1C) 
and positive in sweat gland epithelial cells (Fig. 1D). 
Tumour cells of squamous cell carcinoma were negative 
for CK18 (Fig. 1E).

Serum M30 and M65 levels in patients with extramammary 
Paget’s disease
Fig. 2A–D shows the serum M30 and M65 levels in 
healthy controls and patients with EMPD categorized by 
disease stage before initial treatment. Serum M30 and 
M65 levels in all examined patients with EMPD were not 
significantly different from those in healthy controls (Fig. 
2A, B). However, serum M30 and M65 levels in patients 
with metastatic (stage IV) EMPD were higher than those 
in patients with non-metastatic (stage I–III) EMPD (Fig. 
2C, D). No significant correlation was found between the 
ratio of M30 to M65 and disease stage. 

Correlation between serum CK18 levels and serum 
carcinoembryonic antigen levels
CEA is one of the tumour markers reported to be useful 
in the management of EMPD, as well as other adeno­
carcinomas. Fig. 2E, F shows the correlation between 
serum CK18 and CEA levels. The data of serum CEA 
levels were obtained from clinical data at the hospital 
laboratory. A significant correlation was detected bet­
ween the serum CEA levels and the serum M30 and M65 
levels (r = 0.333, p = 0.0207 and r = 0.52, p < 0.0001, 
respectively). 

Trend of serial carcinoembryonic antigen, M30, and 
M65 in each patient
We next focused on the serial levels of serum M30 and 
M65, in comparison with serum CEA levels in each 
patient. Here, we measured the CK18 levels in serum 
samples which were obtained before any type of treat­
ment, at recurrence, just before each course of chemot­
herapy, or at the decision regarding best supportive care. 
Representative data are shown in Fig. 3. In patient 1 (Fig. 
3A), M30 and M65 levels decreased drastically after 
the operation and did not increase, while maintaining 
complete response. CEA levels showed a similar trend. 
Patient 2 in Fig. 3B showed a decline in M30 and M65 
levels after the initiation of DTX therapy and at the eva­
luation of stable disease (DTX1–DTX5). However, M30 
and M65 levels increased in advance of the evaluation of 
progressive disease. In patient 3 (Fig. 3C), M65 levels 
increased in advance of the determination of progressive 
disease. In contrast, CEA did not show an increase at the 
same time as M65 (DTX24).

Fig. 1. Immunohistochemical staining for 
CK18. (A) Extramammary Paget’s disease 
(EMPD) lesional skin. (B) EMPD lymph node 
metastasis. (C) Cutaneous metastasis from 
breast cancer. (D) Normal skin (sweat gland as 
positive control). (E) Squamous cell carcinoma. 
Scale bars=50 µm.
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DISCUSSION

This study revealed that serum CK18 levels were signi­
ficantly higher in patients with metastatic EMPD than 
in those with non-metastatic EMPD. The results also 
suggest that serum CK18 levels reflect the response to 
chemotherapy. This is in accordance with a previous 
study that showed that the serum levels of M30 and M65 
in patients with metastatic breast cancer were signifi­
cantly higher than those in non-metastatic patients (12). 
In another study that included repeated sampling through 
chemotherapy in patients with metastatic colorectal 
cancer, M30 and M65 levels increased progressively in 

patients with progressive disease during chemotherapy 
(17). Interestingly, M30 and M65 levels increased in 
advance of the determination of progressive disease in 
this study. Therefore, serum CK18 levels might predict 
the response to chemotherapy. In particular, as shown 
in Fig. 3B and C, serum M65 levels increased more ra­
pidly than serum M30 levels at the evaluation of disease 
progression. Thus, serum M65 levels might be a more 
sensitive and useful marker than serum M30 levels for 
the detection of disease progression. 

Immunohistochemical staining show that tumour cells 
in both primary lesion and lymph node metastasis of 

Fig. 2. Serum CK18 and carcinoembryonic antigen (CEA) levels in patients with extramammary Paget’s disease (EMPD) and healthy 
controls. Horizontal line: mean. Error bars: standard error of the mean. (A) Serum M30 levels in patients with EMPD and healthy controls. (B) Serum 
M65 levels in patients with EMPD and healthy controls. (C) Serum M30 levels in non-metastatic vs metastatic patients. (D) Serum M65 levels in non-
metastatic vs metastatic patients. (E) Correlation between serum CEA and serum M30 levels. (F) Correlation between serum CEA and serum M65 levels.

Fig. 3. Serial serum carcinoembryonic antigen (CEA), M30, and M65 levels in each patient. (A) Patient 1. M30 and M65 levels decreased 
drastically after operation and did not increase, while maintaining complete response. CEA levels showed a similar trend. (B) Patient 2 showed a decline 
in M30 and M65 levels after the initiation of docetaxel (DTX) therapy and at the evaluation of stable disease (SD). However, M30 and M65 levels increased 
in advance of the evaluation of progressive disease (PD). (C) Patient 3. M65 levels increased in advance of the determination of progressive disease. In 
contrast, CEA did not show an increase at the same time as M65. BSC: best supportive care.
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EMPD are positive for CK18. Our results add to the ex­
isting knowledge that tumour cells of EMPD in primary 
lesion are positive for CK18 (10). The fact that tumour 
cells in metastatic lesions express CK18 supports our 
findings that serum CK18 levels are higher in patients 
with metastatic EMPD than in non-metastatic patients. 

In terms of biological function, CK18 is important 
not only for maintaining the cytoplasmic network of 
intermediate filaments, but also for cellular processes, 
such as apoptosis, mitosis, cell cycle progression, and 
cell signalling (4). CK18 is involved in the signalling 
pathways, such as the phosphoinositide 3-kinase (PI3K)/
Akt pathway. Inhibition of PI3K makes cells susceptible 
to Fas-induced apoptosis, whereas the constitutive ex­
pression of Akt protects cells from apoptosis (18). In 
addition, reduced apoptosis or its resistance plays a vital 
role in carcinogenesis (19). CK18 expression in breast 
cancer cell line is associated with reduced invasiveness 
in vitro and lack of tumourigenicity in nude mice. CK18 
appears to restrict the motility of micrometastatic cells. 
Epithelial tumour cells need to undergo a fundamental 
phenotypical change called epithelial-to-mesenchymal 
transition to become more dedifferentiated and malig­
nant, and reduced CK18 expression might contribute to 
this transition (20). Although the findings of the prog­
nostic effect of CK18 in vivo and in vitro seem to be 
conflicting, it might be suggested that fragmented CK18 
levels reflect the degradation of CK18, thereby inducing 
dedifferentiated conditions of tumour cells. 

The current study showed that both serum M30 and 
M65 levels correlate with serum CEA levels. Previous 
studies have demonstrated the significance of CEA as 
a marker for advanced stage and chemotherapeutic re­
sponse in EMPD (21, 22). In Fig. 3C, serum CEA levels 
remained within normal limits even when M65 levels 
showed an increase, suggesting that M30 and M65 levels 
might have a higher sensitivity than CEA levels.

Study limitations
This study has several limitations. First, the total sample 
size was relatively small, and especially, fewer samples 
were collected before any type of treatment, since many 
of the patients had already been treated elsewhere before 
the first presentation at our institute. Due to this small 
sample size, it was not reasonable to obtain a cut-off 
value of CK18 levels in terms of evaluating prognostic 
factors. In addition, analysis of the relationship between 
the serum levels of CK18 and survival was hardly pos­
sible due to the small sample size. Likewise, although it 
is widely accepted that distant lymph node metastases are 
associated with poor survival (2), we could not compare 
the prognosis in patients with distant lymph node me­
tastases with that with regional lymph node metastases, 
as there was only one patient with regional lymph node 
metastasis. 

Conclusion
In summary, this study showed that serum CK18 levels 
are elevated in metastatic EMPD and may predict che­
motherapeutic response. Serum CK18 levels might be an 
adequate non-invasive marker to detect EMPD progres­
sion and recurrence. Further studies with a large sample 
size are required to clarify the usefulness of CK18 in 
patients with advanced-stage EMPD.
The authors have no conflicts of interest to declare.
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