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ABSTRACT:
Benign breast diseases encompass a wide spectrum

of lesions, which raise a lot of questions about their
classification, diagnosis, prognosis and surgical treatment.

The aim of this study is to measure the serum level of
YKL-40 in cases of different groups of benign breast
diseases, to compare it to the level of healthy women as well
as to those with breast cancer and to examine its tissue
expression after surgical treatment. We use it as a diagnostic
marker and as a criterion for differential diagnosis.

Forty nine (49) patients with benign breast diseases
and twenty (20) patients with breast cancer were examined.
All of them had their serum level of YKL-40 measured
preoperatively and its tissue expression examined
immunohystochemically after the surgical intervention. There
were significant differences in both concentration and tissue
expression of this marker in patients with different groups of
benign breast diseases and breast cancer. YKL-40 can be an
important biomarker in the diagnosis and differential
diagnosis of breast diseases.
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INTRODUCTION
YKL-40 is a new biomarker, which represents a

heparin-binding and chitin- binding glycoprotein. It belongs
to a group of mammalian proteins with an amino acid sequence
similar to that of 18 glucosyl hydrolases, a group of bacterial
chitinases (1), although YKL-40 does not have a chitinase
activity. It is possible that YKL-40 has a role in the process
of angiogenesis, stimulating the endothelial cells, and
contributes to the formation of branching tubules. It is also
well established that YKL-40 is a potent growth factor
inducing the proliferation of chondrocytes and fibroblasts.
YKL-40 links to the starting mechanism of reticuloendothelial
system (RES) (2,3). The characteristics of human YKL-40 gene

(CHI3L1) as well as the crystal structure of the protein are
already known, but a cell receptor for YKL-40 has not yet
been identified. Its physiological action is not well studied.
The biological function of YKL-40 is not known (4, 5). It is
supposed that YKL-40 maybe has a role in the proliferation
and differentiation of malignant cells; maybe it protects tumor
cells from apoptosis, stimulates angiogenesis; participates in
the extracellular tissue remodeling; stimulates fibroblasts
around the tumor; but this hypothesis still has to be confirmed
in vivo (6). Up to now there are no studies on the expression
of YKL-40, or on its serum level, in benign breast lesions.
There is no data about the possibility of using YKL-40 as an
early marker  for the transformation of benign lesions into
malignant ones, nor there is data in the literature about the
association between its serum levels and its immunohysto-
chemical expression in benign breast lesions and breast
cancer.

THE AIM of this study is to measure preoperatively
the serum level of YKL-40 in patients with benign breast
diseases, and to compare it to its tissue expression, so that
this may help in the diagnosis and differential diagnosis of
breast cancer.

MATERIALS AND METHODS
Thirty nine /39/ women with benign breast diseases

(including 6 with intraductal papilloma; 13 with fibroadenoma;
5 with cysts; 1 with phyllodes tumor; 10 with fibrocystic
changes; 1 with lipoma and 3 with atypical ductal hyperplasia)
and twelve /12/ women with breast cancer (11 of which with
invasive ductal carcinoma and 1 with lobular carcinoma) were
examined, diagnosed and underwent surgical treatment. The
serum level of YKL-40 of ten /10/ healthy controls was
examined as well – these were young women (aged 20-31
years) without family history of breast or ovarian cancer, who
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were not on hormonal therapy, with no clinical or ultrasound
signs of breast diseases or inflammatory diseases.

The examined women were between 18 and 73 years
of age. On the basis of clinical, ultrasound and mammo-
graphical signs they were diagnosed as follows:
fibroadenoma (14 women), intraductal papilloma (6 women),
cysts (7 women), phyllodes tumor (1 woman), fibrocystic
changes (10 women), and breast cancer (12 women). All
women underwent surgical treatment. Sectoral excision was
performed in 28 women, microdochectomy in 6, wide excision
in 5, quadrantectomy in 2 and mastectomy with lymph node
dissection in 10. The diagnosis was confirmed hystologically
in all patients: intraductal papilloma in 6, cysts in 5, atypical
ductal hyperplasia in 3, phyllodes tumor in 1, fibrocystic
changes in 10 and fibroadenoma in 12. In one of the patients
with a preoperative diagnosis of fibroadenoma, the tumor
turned out to be a breast cancer intraoperatively, which
necessitated the change to quadrantectomy with lymph
node dissection. The serum level of YKL-40 was examined
preoperatively in all women. An enzyme-binding immuno-
sorbent test (ELISA) was applied according to the
producer’s instructions. A specific kit Microvue YKL-40 EIA

Kit was used.
After the surgical procedure the percentage of cells

positive for YKL-40 was determined immunohystochemically
as well as the intensity of staining. Clear cytoplasmic
staining was established as a positive sign. Two
pathologists examined each preparation twice. The mean
value of staining intensity and percentage of positive cells
was accepted as definitive.

RESULTS
The preoperative serum level of YKL-40 in women with

benign breast diseases was as follows: 44,58 ng/ml for the
group of nonproliferating lesions (fibroadenoma, cysts,
fibrocystic changes without proliferation); 55,5ng/ml for the
group of proliferating lesions without atypia; 78,4 ng/ml for
the group of proliferating lesions with atypia; and 100,27 ng/
ml for the cancer group.

The immunohystochemical examination of YKL-40 in
the tissues of the different groups of benign breast diseases
is shown on fig.1. For the breast cancer cells the tissue
expression is in the range of 75-100% and the staining
intensity is moderate to strong (fig.2).

DISCUSSION
Different groups of authors indicate that the serum

level of YKL-40 in healthy individuals is 42 micrograms (1,
9). In our control group of healthy women (without family
history of breast or ovarian cancer, without hormonal or
contraceptive therapy, non smokers, without inflammatory
diseases or diseases of liver and lungs) the mean serum level
was 41,11ng/ml; the level slightly, but insignificantly,
increased with age. Our study showed that the serum level
of YKL-40 in nonproliferating benign breast diseases was
near that of healthy women. The level increased in patients
with proliferating diseases without atypia as well as in
diseases with atypia. The level of YKL-40 in patients with
breast cancer was significantly higher in comparison with
patients with nonproliferating benign breast diseases (table

1). According to Johansen and co.(11, 13) serum
concentration of YKL-40 above 20% is indicative of increased
serum level. In our patients changes in levels were above
25%. These results show that the increasing of serum
concentration  of YKL-40 can be a sign of increasing risk of
breast cancer development.

Some authors (1, 12) consider that the tissue
expression in breast cancer is positive. Our study
demonstrated that tissue expression in the group of
nonproliferating benign breast diseases (fibroadenoma, cysts
without atypia) was weak as was the intensity of staining; in
the group of proliferating diseases (papilloma, sclerosing
adenosis) the percentage of positive cells, expressing the
marker, was 25-50% and the intensity of staining was
moderate. In breast cancer the percentage of cells, expressing
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YKL-40, was 75-100% and the intensity of staining was
moderate to strong. There was a clear tendency towards
increasing the percentage of cells, expressing this marker, and
the intensity of staining according to the group of benign
diseases reaching highest values for the group of breast
cancer. This shows that the markerYKL-40 can be used as a
criterion for malignant degeneration, as well as for the
differential diagnosis between different groups of benign
breast diseases on one hand, and between benign diseases
and breast cancer on the other.

In our study we compared the serum level of YKL-40
to its tissue expression. There was a real correlation between
them. In nonproliferating diseases the serum level was near
that of healthy women and the tissue expression was low
and of weak intensity. In proliferating diseases without
atypia the serum level of YKL-40 was higher than that of
the first group, and the percentage of cells, expressing it
was high and of moderate staining intensity. In proliferating
diseases with atypia the serum level was significantly higher,
reaching that of breast cancer, and the tissue expression was
of moderate intensity with percentages of expressing cells
between 50-75%. In the group of breast cancer the serum

level was 117,1; tissue expression was of high intensity and
the percentage of expressing cells was 75-100%. It is
indicative that both the serum level of YKL-40 and its tissue
expression in breast cancer are significantly higher than
those in benign breast diseases – nonproliferating  and
proliferating ones without atypia. The differences in its
concentration in proliferating diseases with atypia and
breast cancer are not that significant. This may serve as an
important criterion for the possible malignant transformation
of an otherwise benign breast disease, as well as for the
differential diagnosis between benign diseases and breast
cancer.

CONCLUSIONS
For the first time in Bulgaria we examine the serum

levels of YKL-40 in different groups of  benign breast
diseases, in breast cancer and in healthy controls. We draw
a parallel between its serum concentration and tissue
expression in the different groups. Thus we have the
possibility to apply YKL-40 as a biomarker in the early
diagnosis and differential diagnosis of benign and malignant
breast diseases and the early detection of breast cancer.
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