
Abstract. Background/Aim: YKL-40 plays a role in
proliferation and differentiation of malignant cells. The aim of
this study was to examine whether YKL-40 is expressed in
cutaneous squamous cell carcinoma (SCC). Materials and
Methods: The study was based on histologically-confirmed
biopsies of cutaneous SCCs obtained from 38 patients. The
tissue expression of YKL-40 was assessed using an
immunohisto-chemical method. The percentage of cells showing
a positive reaction as well as the intensity of the IHC reaction
was assessed using the immunoreactive score developed by
Remmele and Stegner. Results: All samples of cutaneous SCCs
showed cytoplasmic expression of YKL-40. The intensity of
YKL-40 expression varied between 1 and 8 points, according to
the applied scale. In the majority of cancers about 10-80% of
tumor cells were positive for YKL-40. The intensity of the
reaction was low (20 samples, 52.6%) or medium (18 samples,
47.4%). Conclusion: YKL-40 is expressed in cutaneous SCC.
Further research is needed to establish the value of YKL-40 for
diagnosis and monitoring of SCC.

Chitinase-3-like protein 1 (YKL-40) is a glycoprotein
discovered over 10 years ago (1). This protein belongs to the
glycosyl hydrolase family 18, together with bacterial
chitinases and several mammalian chitinase-like proteins (1).
The biological function of YKL-40 is not fully understood;
however, the studies conducted so far suggest its role in
inflammation, cell differentiation, tissue remodeling and
cancer growth. It is expressed and released by activated

neutrophils, monocytes and macrophages (2). Various studies
have reported its secretion by activated cells in inflammatory
diseases, such as arthritic chondrocytes, arteritic vessels in
giant cell arteritis, liver cells in viral hepatitis or atheromatous
plaques and inflamed synovial membrane (3-5). 

The role of YKL-40 in cancer growth is not clearly
understood; however, many reports imply that this protein
plays a role in proliferation and differentiation of malignant
cells. Its ability to activate many pathways, including the
phosphoinositide-3-kinase pathway, suggests the possibility
of inducing cancer cell proliferation and acting as an
antiapoptotic and survival factor (6). Moreover, this protein
is an adhesion and migration factor for vascular smooth
muscle cells and promotes the migration of vascular
endothelial cells (7). It is also suggested that YKL-40 may
influence local synthesis of hyaluronan and act as an
anticatabolic factor, preserving the extracellular tissue from
destruction (8). These findings lead to the conclusion that
YKL-40 stimulates tumor angiogenesis, promotes
inflammation in tumor microenvironment and influences
remodeling of the extracellular matrix, thus providing a
better understanding of its role in cancer growth and
metastasis (9). 

Elevated serum levels of YKL-40 have been reported in
lung, bladder, ovarian, endometrial, renal, colorectal, breast
cancers as well as in melanoma and other malignancies, and
have been correlated with the stage of cancer and overall
survival (10-18). Moreover, YKL-40 expression has been
shown in the cells of many malignancies, such as
melanoma, renal cell cancer, endometrial cancer, breast
cancer, glial tumors, osteosarcoma, soft tissue sarcomas or
squamous cell carcinomas of head, neck and esophagus (14,
17, 19-24). It has been even suggested that YKL-40 can
serve as a new target for anticancer therapy (9, 25). To the
best of our knowledge there are no studies of YKL-40
expression in non-melanoma skin cancers. Therefore, the
aim of this study was to examine whether YKL-40 is
expressed in the tumor tissue of cutaneous squamous cell
carcinoma (SCC).
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Materials and Methods

The study was retrospective in design and was based on
histologically confirmed biopsies of cutaneous SCCs taken from 38
patients. These were archived formalin-fixed paraffin embedded
samples. Among the patients there were 30 men and 8 women. The
age of the patients varied from 55 to 94 years, with the mean age
amounting to 78.8±8.8 years. In all patients the location of the skin
cancer was the head: ear lobe, lip, forehead, scalp, cheek or nose.
The depth of infiltration by the cancerous tissue varied from 0.5 to
18 mm with the mean of 4.15±3.5 mm. The skin lesions appeared
between 6 weeks and 6 years prior to the biopsy and diagnosis
(mean 1.6±1.6 years). None of the patients had metastatic skin
cancer.

The invasive ductal breast cancer tissue (two biopsies), well-
known to express YKL-40, served as a positive control. Moreover,
healthy skin tissue (two biopsies) was used as an additional control.
The tissue expression of YKL-40 was assessed using an
immunohistochemical method. Immunohistochemical reactions
(IHC) were performed on 4μm-thick formalin-fixed paraffin-
embedded tissue sections on the detection platform Dako
AutostainerLink 48. The slides were deparaffinized, rehydrated and
subjected to target retrieval in the pretreatment module, PTLink
(Dako, Glostrup, Denmark) at 95˚C in Target Retrieval Solution
High pH (Dako). Then the slides were cooled in TBS with 0.1%
Tween (TBS-T). IHC reactions were performed using ImmPRESS
Reagent Kit, Peroxidase, Anti-Goat IgG (Vector Laboratories,
Burlingame, CA, USA). During the first stage, the endogenous
peroxidase activity was quenched by incubation in Peroxidase-
Blocking Reagent for 5 min. After rinsing in TBS-T, the slides were
incubated with Normal Horse Serum for 20 min and subsequently
with anti-chitinase-3-like protein 1 immunoglobulin (R&D Systems,
catalog no. AF2599) diluted 1:50 in Antibody Diluent (for 30 min
at room temperature). The slides were rinsed in TBS-T and
incubated with secondary antibodies for 30 min. After rinsing in
TBS-T, the slides were incubated for 10 min with diaminobenzidine.
The slides were rinsed once again in TBS-T. Then the slides were
counterstained with hematoxylin, rinsed in distilled water and
dehydrated in graded ethanol alcohols and xylene. The sections of
squamous cell skin carcinoma, breast cancer and healthy skin tissue
were processed in an identical manner. 

The expression of YKL-40 was evaluated under the light
microscope with 10 times and 20 times magnification. For these
assessments the immunoreactive score (IRS) by Remmele and
Stegner was used, which includes both the percentage of cells

showing the positive reaction as well as the intensity of the IHC
reaction (Table I). The assessment was performed by two
independent observers. Any discrepancies were resolved by
simultaneous reevaluation.

Correlations between the IHC reactions and some clinical
parameters were analysed statistically. The Kolmogrov-Smirnov test
was used to evaluate data distribution. All the quantitative variables
were described in the form of medians and ranges. Comparisons
between the groups were examined with the Mann-Whitney U-test
or the Kruskal-Wallis test. Correlations between the variables were
calculated using Spearman’s rank correlation. p-Value less than 0.05
was considered to be statistically significant. 

Results 

All samples of cutaneous SCCs showed expression of YKL-
40. A positive IHC reaction was seen in the cytoplasm of
cancer cells. In cases with visible inflammatory infiltrates
within the tumor stroma, the positive IHC reaction was also
observed within inflammatory cells. The intensity of YKL-40
expression in SCCs varied between 1 and 8 points, according
to the applied scale (IRS). The percentage of positive cells
differed a lot among the samples. In the majority of cancers
about 10-80% of tumor cells showed positive IHC reaction
with anti-chitinase-3-like protein 1 immunoglobulin. The
intensity of the reaction was low (20 samples, 52.6%) or
medium (18 samples, 47.4%). Examples of positive IHC
reaction reflecting the expression of YKL-40 in cancer cells
are shown in Figures 1 and 2. There were no samples of
squamous cell carcinoma displaying strong IHC reaction with
anti-chitinase-3-like protein 1 immunoglobulin. The detailed
results are presented in Table II. The expression of YKL-40
in SCCs did not correlate with any of the clinical or
pathological parameters (data not shown). 

The ductal breast cancer tissues showed a strong
expression of YKL-40. A positive cytoplasmic reaction was
seen within the whole solid tissue of the cancer (Figure 3).
Healthy skin biopsies presented only low epidermal YKL-40
expression mainly within the basal layer, which is a
physiological pattern of staining typical for normal skin (25)
(Figure 4). 
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Table I. The immunoreactive score (IRS) developed by Remmele and Stegner was used for assessment of YKL-40 expression in squamous cell skin
cancer. The final result is the product of multiplication AxB (0-12 points).

A. Percentage of cells expressing positive reaction                                         B. Intensity of the reaction

0: No positive cells                                                                                            0: Lack of positive reaction
1: Up to 10% of positive cells                                                                           1: Low intensity of the reaction
2: 11-50% of positive cells                                                                                 2: Medium intensity of the reaction
3: 51-80% of positive cells                                                                                3: High intensity of the reaction
4: More than 80% of positive cells                                                                    



Discussion

In the present study cutaneous SCC showed cytoplasmic
expression of YKL-40. However, IHC reaction did not correlate
with any of the clinical parameters, which is in accordance with
other reports (22). To the best of our knowledge this is the first
study on the expression of YKL-40 in non-melanoma skin
cancers. The studies available so far have clearly shown that

many other malignant cells or cell lines express and release this
protein. Positive YKL-40 expression has been reported in
breast, colon, lung, prostate, thyroid, ovarian, hepatocellular,
and renal cancers, as well as in glial and chondroid tumors,
melanoma, osteosarcoma and soft tissue sarcomas (14, 19-22,
26-30). It was also found that squamous cell carcinomas
developed within the mucous membranes of larynx, pharynx,
oral cavity and esophagus show YKL-40 expression (23, 24).
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Figure 1. Positive IHC reaction for YKL-40 in squamous cell skin carcinoma. A cytoplasmic brown colored staining – a representative example
scored 1+. 20× magnification.

Figure 2. Positive IHC reaction for YKL-40 in squamous cell skin carcinoma. A cytoplasmic brown colored staining – a representative example
scored 2+. 20× magnification.
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Figure 4. The picture of IHC reaction for YKL-40 in healthy skin. Low expression visible mainly in the basal epidermal layer. 20× magnification. 

Figure 3. Positive IHC reaction for YKL-40 in ductal breast cancer as a positive control. 20× magnification. 

Table II. The expression of YKL-40 in squamous cell skin cancer (38 biopsies).

The percentage of positive cells                                          Intensity of IHC reaction                                  Immunoreactive score according to IRS*

0-10%                      3 samples (7.9%)                                Low                   20 samples (52.6%)                          1 point                   3 samples (7.9%)
11-50%                 14 samples (36.85%)                          Medium                18 samples (47.4%)                         2 points                  7 samples (18.4%)
51-80%                 14 samples (36.85%)                                                                                                                  3 points                  6 samples (15.8%)
81-100%                 7 samples (18.4%)                                                                                                                    4 points                 11 samples (28.9%)
                                                                                                                                                                                  6 points                  8 samples (21.1%)
                                                                                                                                                                                  8 points                   3 samples (7.9%)

*Ιmmunoreactive score by Remmele and Stegner (0-12 points).



In the retrospective study on head and neck squamous cell
carcinomas 50 archived tissue samples were taken for
immunohistochemical analysis (23). In all samples positive
YKL-40 expression was found, with varying intensity of
reaction scored from 1+ to 3+. For intensity scores 1+, 2+ and
3+, the percentage of reactions was 38%, 46% and 16%,
respectively. In 87% of samples the intensity of IHC reaction in
tumor cells was higher than in neighboring epithelium. A
positive IHC reaction was also observed in inflammatory cells
present in tumor stroma. A similarly designed study on
esophageal squamous cell carcinoma was conducted (24). In
this report positive immunohistochemical reaction was observed
in 17 (85%) out of 20 samples of the cancer tissues, with
varying strength of reaction (low, medium and high). In normal
adjacent epithelium there was no YKL-40 expression.
Furthermore, in both studies the serum concentrations of YKL-
40 were analyzed and it was shown that patients suffering from
squamous cell carcinoma of head, neck and esophagus have
significantly elevated YKL-40 serum levels which correlated
with a poor prognosis and short survival. 

Our report has some limitations. The retrospective nature
of the study and inability to take blood samples for
measurements of serum YKL-40 levels made it impossible to
check the potential correlation between tissue expression and
serum level of this protein. The other studies on squamous
cell carcinomas of head, neck and esophagus mentioned
above showed elevated serum level of this protein; however,
their authors did not find any correlation between the YKL-
40 tissue expression and its serum level (24). 

This study showed that YKL-40 is expressed in cutaneous
SCCs, both in tumor cells and in inflammatory infiltrates in
tumor stroma. This phenomenon may potentially influence
the serum YKL-40 level in these patients. SCC is rarely life-
threatening; however, it may be metastatic. All the patients
who underwent the therapy require long term monitoring for
relapses and metastases. If SCC is a significant source of
YKL-40 release, the serum YKL-40 level could be a
candidate for a biomarker potentially used in patients’ follow
up after the treatment. There is a need for further prospective
research to establish the value of YKL-40 for diagnosis of
SCC as well as for monitoring of relapses and metastases.
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