
Abstract. Background/Aim: An increased level of chitinase 3
like 1 protein (CHI3L1) expression is observed in patients with
cancer and may have potential prognostic value. The aim of
this study was to evaluate the role of CHI3L1 in angiogenesis
in invasive ductal breast carcinoma (IDC) (n=110). Materials
and Methods: Immunohistochemistry was used to assess the
expression of CHI3L1, CD31, CD34, vascular endothelial
growth factor (VEGFA, VEGFC and VEGFD). Real-time
polymerase chain reaction and western blot were used to
determine the level of CHI3L1 mRNA and protein. Results:
Immunohistochemistry demonstrated positive correlation
between CHI3L1 expression and angiogenesis markers: CD31
(r=0.34, p=0.0003), CD34 (r=0.24, p=0.012), VEGFD
(r=0.24, p=0.013). Higher CHI3L1 expression in estrogen
receptor-negative (p=0.041) and progesterone receptor-
negative (p=0.014) cancer was observed. Higher CHI3L1
expression was reported in cancer tissues in comparison to
non-malignant breast lesions. Conclusion: These results
suggest a potential role of CHI3L1 in angiogenesis in IDC and
may suggest its involvement in cancer progression. 

Breast cancer is one of the most frequently diagnosed
cancers in women. According to World Health Organization
data, breast cancer is the cause of death of more than 0.5
million women each year (1). Despite significant advances
in breast cancer diagnostics and therapy, the search for new
biomarkers with potential prognostic value is still important.

Chitinase 3 like 1 (CHI3L1, YKL40, Cgp-39) is a
catalytically inactive protein with a mass of about 40 kDa.
It belongs to the family of chitinase-like proteins (CLPs),
which are structurally homologous to chitinases (2, 3). CLPs
are classified as lectins, which are molecules with
characteristics of growth factors and cytokines (4). As a
secretory protein, CHI3L1 can act locally and systemically,
and this may be associated with its uneven tissue distribution
(5, 6).

An increased level of CHI3L1 is not specific to any
particular disease and it may suggest an inflammation- or
cancer-related process in the body (4, 7). An elevated level
of CHI3L1 was observed in serum of patients suffering from
inflammation of various etiologies: multiple sclerosis,
rheumatoid arthritis and asthma (7-10). Numerous reports
describe an increased level of CHI3L1 in serum and
cancerous tissue of patients with e.g. glioma, breast, lung,
colonic and ovarian cancer (11-16). It was shown that
CHI3L1 is expressed in both cancer cells and tumor-
associated macrophages (2, 17, 18). CHI3L1 may play a role
in cancer by involvement in the formation of new blood
vessels, regulation of stromal cells and modulation of
inflammation of the tumor microenvironment (19-22).

Angiogenesis is a key process determining tumor growth.
According to the definition given by Folkman in 1972,
angiogenesis is the formation of new blood vessels from
existing ones (23). Several pro-angiogenic factors are involved
in this process, e.g.: vascular endothelial growth factor
(VEGF), cytokines (interleukin: IL1, IL4, IL6, IL8),
endogenous modulators (IL13, integrin αvβ3, hypoxia), as
well as angiogenesis inhibitors, such as tissue inhibitors of
metalloproteinases and cytokines (IL10, IL12, IFNγ) (24-26).

In clinical practice, inhibition of angiogenesis is used in
addition to chemotherapy (e.g. the monoclonal antibody to
VEGF, bevacizumab) in breast cancer, colorectal cancer and
gliomas for example (26, 27). Recently, the role of the
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normal structure of newly formed blood vessels is
emphasized in anticancer therapy in addition to direct anti-
angiogenic activities (28-31). Correct remodeling of blood
vessels requires sealing the blood vessel walls by enhancing
intercellular connections in the endothelium and increasing
the number of pericytes that cover the blood vessel walls
(29, 30). This process is believed to a crucial role in more
efficient transport of chemotherapeutics into the tumor
environment, increasing penetration of immune cells and
reducing cancer cell migration (28, 30). It is suggested that
this effect may be associated with anti-VEGF therapy and
thus it could possibly increase efficacy of combined
cytostatic treatment. The activity of potential regulators of
blood vessel remodeling, including platelet derived growth
factor receptor beta (PDGFRβ), regulator of G protein
signaling 5 (RGS5), angiopoietin-1 and-2 (ANGPT1/2) and
transforming growth factor beta 1 (TGFB1), is emphasized
in the literature (28).

Through heparan sulfate (HS) chains, CHI3L1 binds to
syndecan 1 (SDC1) on the surface of endothelial cells, thus
activating interactions between SDC1 and integrin αvβ3 and
vascular endothelial cadherin. As a consequence of these
interactions, protein tyrosine kinase 2- mitogen-activated
protein kinase 1/3 (PTK2-MAPK1/3) signaling pathway is
activated and affects expression of genes encoding
proangiogenic factors such as VEGF receptor 2. CHI3L1
may also affect stability of newly formed vessels, as it
influences conjugation of SDC1 with vascular endothelial
cadherin, which then recruits β-catenin and cytoskeletal
actin. Additionally, CHI3L1 may induce SDC1 binding to N-
cadherin, intracellular β-catenin and smooth muscle α-actin
in vascular smooth muscle cells and pericytes, which leads
to increased cell adhesion and vessel sealing (19, 24). It is
believed that CHI3L1 may also promote angiogenesis by
interactions with interleukin 13 receptor (IL13Rα2) on the
surface of cancer cell, thus leading to the activation of the
phosphatidylinositol 3-kinase and AKT serine/threonine
kinase (PI3K/AKT) pathway (19, 33).

The aim of the present study was to investigate the
potential effects of CHI3L1 on angiogenesis by evaluation
of the correlation between CHI3L1 expression and selected
markers of angiogenesis in invasive ductal breast
carcinoma (IDC). 

Materials and Methods
Patients and tumors. The study was conducted using specimens
from patients with IDC diagnosed between 1999-2009 (n=110)
which were retrieved from the Lower Silesian Oncology Centre in
Wroclaw. Specimens of non-malignant breast tissue lesions
(NBTLs) (n=25) were the control material for this study. Table I
shows the clinicopathological characteristics of patients. All studies
were conducted with the consent of Ethics Committee of Wroclaw
Medical University (approval: KB-616/2014 and KB-735/2017).

Immunohistochemistry (IHC). Collected IDC fragments were fixed in
4% buffered formalin and embedded in paraffin. IHC reactions were
performed using Dako Autostainer Link48 (Dako, Glostrup, Denmark)
on 4 μm-thick paraffin sections. Deparaffinization, rehydration and
epitope retrieval (97˚C, 20 min) were performed using PT-Link (Dako)
in EnVision™ FLEX Target Retrieval Solution High pH (9.0) (Dako)
for antibodies to CHI3L1, VEGFA, VEGFD, CD31, CD34, estrogen
receptor (ER), progesterone receptor (PR) and human epidermal
growth factor receptor 2 (HER2), whereas EnVision™ FLEX Target
Retrival Solution Low pH (6.0) (Dako) was used for antibodies to
VEGF-C and Ki-67. Endogenous peroxidase was blocked using
EnVision™ FLEX Peroxidase-Blocking Reagent (Dako) (5 min).
LSAB+ detection system (Dako) was used to visualize IHC reactions
performed with the use of goat polyclonal antibodies to CHI3L1
(1:100, 20 min, room temperature (RT); R&D Systems, Minneapolis,
MN USA), VEGF-C (1:100, 18 h, 4˚C; ReliaTech GmbH,
Braunschweig, Germany) and VEGF-D (1:100, 18 h, 4˚C; ReliaTech
GmbH). For visualization of IHC reactions performed with the use of
mouse monoclonal antibodies (Dako): CD31 (ready-to-use; 20 min,
RT), CD34 (ready-to-use; 20 min, RT), VEGFA (1:50, 18 h, 4˚C), Ki-
67 (RTU, 20 min, RT), ER (ready-to-use; 20 min, RT) and PR (ready-
to-use; 20 min, RT), EnVision™ FLEX+, Mouse, High pH (Dako)
system was used. HercepTest™ kit (Dako) was used to measure
expression of HER2. Sections were counterstained with hematoxylin
(EnVision™ FLEX Hematoxylin; Dako). The visualization systems
were used according to the manufacturer’s instructions.

Evaluation of IHC reactions. IHC reactions were analyzed using light
microscopy (BX41; Olympus, Tokyo, Japan). Intensities of CHI3L1,
VEGFA, VEGFC and VEGFD expression were evaluated using semi-
quantitative, 12-point Immunoreactive Score according to Remmele
and Stegner (34) (Table II). Median values were used as the cut-off
points. Low CHI3L1 expression was assigned to cases with 0-3 IRS,
whereas high expression of this protein was assigned to cases with 4-
12 IRS. For VEGFA, VEGFC, and VEGFD, scores of 0-4 IRS were
considered to indicate low expression, while scores of 6-12 IRS
indicated high expression of these proteins. Relative microvessel
count (MVC) was estimated for CD31- and CD34-labelled blood
vessels using a Chalkley eyepiece (Pyser Sgi., Edenbridge, UK),
based on the number of grid points (n=1-25) that hit stained
microvessels (35-37). Relative MVC was estimated as the mean value
of three hot-spots characterized by the most intense vascularization
(magnification ×200) (35). The expression of Ki-67 was estimated
using a semi-quantitative scale with the values of 0-4: 0: 0% of
positive cells, 1: 1-10% of positive cells, 2: 11-25% of positive cells,
3: 26-50% of positive cells, 4: 51-100% of positive cells (38). For Ki-
67, values for ≤25% of positive cells were considered to indicate low
expression, while those >25% indicated high expression of this
protein. Expressions of ER, PR and HER2 were evaluated using semi-
quantitative 0-3 score: 0: 0% of positive cells, 1: 1-10% of positive
cells, 2: 11-50% of positive cells, 3: 51-100% of positive cells. For
ER and PR, the reaction was considered positive when values ≥1%
of immunopositive cells (as indicated by the score of 1 or higher)
(39). Reaction for HER2 was deemed positive when >10% of cancer
cells showed intensive membrane reaction (the score of 3) (40).

Real-time PCR. Fragments of grade 1 (n=6), grade 2 (n=20) and grade
3 (n=20) IDC tumors were fixed in RNAlater (Qiagen, Hilden,
Germany) and stored at –80˚C. The mRNA was isolated using RNeasy
Mini Kit (according to the manufacturer’s protocol). High Capacity
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cDNA Reverse Transcription Kit (Applied Biosystems, Carlsbad, CA,
USA) was used for reverse transcription. Real-time PCR reaction was
performed on cDNA arrays using starters (Applied Biosystems,
Carlsbad, CA, USA) for CHI3L1 (Hs00609691_m1) and β-actin as an
endogenous control (ACTB, Hs99999903_m1), TaqMan Gene
Expression Master Mix and 7500 Real-Time PCR System (Applied
Biosystems). Real-time PCR reaction conditions were: initial
denaturation at 50˚C for 2 min, 95˚C for 10 min, 40 cycles at 95˚C for
15 s and 60˚C for 1 min. The changes in mRNA level in comparison
to reference gene (ACTB) were calculated using ΔΔCt method. The
experiments were run in triplicates.

Western blot. Frozen samples of IDC with various malignant grades
(grade 1: n=3, grade 2: n=9 and grade 3: n=10), were homogenised in
T-PER Tissue Protein Extraction Reagent with the addition of 0.5 mM
phenylmethanesulfonyl fluoride and protease inhibitor (Heat™
Protease Inhibitor Coctail ×100) (all Thermo Scientific, Wilmington,
DE, USA). Protein level was determined by colorimetric method with
the use of bicinchoninic acid (Pierce BCA Protein Assay Kit) and
NanoDrop 1000 (Thermo Scientific). Tissue lysate was denatured in
sample buffer [250 mM TRIS pH 6.8, 40% glycerol, 20% (v/v) β-
mercaptoethanol, 100 mM 1,4-dithiothreitol, 0.33 mg/ml bromophenol
blue, 8% sodium dodecyl sulfate (SDS)] for 10 min at 95˚C. Equal
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Table I. Chitinase 3 like 1 (CHI3L1) protein expression as immunoreactive score (IRS) according to clinicopathological factors. Median values
were used as the cut-off point; Fisher test.

                                                                                         Overall                                   IRS (0-3)                               IRS (4-12)

Parameter                                                                 N                      %                     N                     %                    N                      %                     p-Value

Age                              >50 Years                            75                    68.2                  47                   62.7                 28                    37.3                    0.670
                                    ≤50 Years                            35                    31.8                  24                   68.6                  11                    31.4                         
                                    Total                                  110                  100                     71                   64.5                 39                    35.5                         
Menopausal status      Pre-                                      33                    30                     24                   72.7                   9                    27.3                    0.378
                                    Post-                                    70                    63.6                  44                   62.9                 26                    37.1                         
                                    Unknown                               7                      6.4                    3                   42.9                   4                    57.1                         
Tumor grade               1                                             9                      8.2                    5                   55.6                   4                    44.4                    0.393
                                    2                                           55                    50                     39                   70.9                 16                    29.1                         
                                    3                                           44                    40                     26                   59.1                 18                    40.9                         
                                    Unknown                               2                      1.8                    2                 100                      0                      0                            
Stage                           I                                           33                    30                     23                   69.7                 10                    30.3                    0.347
                                    II                                          54                    49.1                  32                   59.3                 22                    40.7                         
                                    III                                         13                    11.8                  11                   84.6                   2                    15.4                         
                                    IV                                          3                      2.7                    2                   66.7                   1                    33.3                         
                                    Unknown                               7                      6.4                    3                   42.9                   4                    57.1                         
Tumor size                  pT1                                      53                    48.2                  33                   62.3                 20                    37.7                    0.926
                                    pT2                                      46                    41.8                  30                   65.2                 16                    34.8                         
                                    pT3                                        7                      6.4                    5                   71.4                   2                    28.6                         
                                    pT4                                        4                      3.6                    3                   75                      1                    25                            
Lymph node                pN0                                      63                    57.3                  42                   66.7                 21                    33.3                    0.528
                                    pN1                                      35                    31.8                  20                   57.1                 15                    42.9                         
                                    pN2                                        6                      5.5                    5                   83.3                   1                    16.7                         
                                    pN3                                        4                      3.6                    2                   50                      2                    50                            
                                    Unknown                               2                      1.8                    2                 100                      0                      0                        0.176
ER status                     Negative                              30                    27.3                  17                   56.7                 13                    43.3                         
                                    Positive                               72                    65.4                  51                   70.8                 21                    29.2                         
                                    Unknown                               8                      7.3                    3                   37.5                   5                    62.5                         
PR status                     Negative                              39                    35.4                  21                   53.8                 18                    46.2                    0.051
                                    Positive                               63                    57.3                  47                   74.6                 16                    25.4                         
                                    Unknown                               8                      7.3                    3                   37.5                   5                    62.5                         
HER2 status                Negative                              81                    73.6                  51                   63.0                 30                    37.0                    0.193
                                    Positive                               21                    19.1                  17                   81.0                   4                    19.0                         
                                    Unknown                               8                      7.3                    3                   37.5                   5                    62.5                         
TN                               Yes                                       16                    14.6                    9                   56.2                   7                    43.8                    0.380
                                    No                                        80                    72.7                  56                   70.0                 24                    30.0                         
                                    Unknown                            14                    12.7                    6                   42.9                   8                    57.1                         
Ki-67                           Low≤25%                           62                    56.4                  43                   69.4                 19                    30.6                    0.821
                                    High >25%                         35                    31.8                  23                   65.7                 12                    34.3                         
                                    Unknown                            13                    11.8                    5                   38.5                   8                    61.5                         

ER: Estrogen receptor, PR: progesterone receptor, HER2: human epidermal growth factor receptor 2, TN: triple-negative (no expression of ER, PR
and HER2).



amounts of protein (30 µg for lane) were subjected to electrophoretic
separation in 10% polyacrylamide gel in Mini Protean 3 apparatus
(Bio-Rad, Marnes-la-Coquette, France) according to Laemmli method
(41). Next, the proteins were electrophoretically transferred onto a
polyvinylidene difluoride membrane (Immobilon; Millipore, Bedford,
MA, USA) in Tris-glycine buffer with 20% methanol and 0.05% SDS.
The membrane was blocked in 4% bovine serum albumin solution in
Tris-buffered saline (TBST) with 0.1% Tween-20. For detection of
CHI3L1 level, goat polyclonal anti-CHI3L1 (1:1000; R&D Systems)
was used; the incubation was carried out overnight at 4˚C. The
membrane was washed three times with TBST, 0.2% TritonX-100, and
then incubated with donkey anti-goat antibody conjugated with
horseradish peroxidase (HRP) (1:1000, 1 h RT; Jackson
ImmunoResearch, Suffolk, UK). The level of CHI3L1 was determined
based on semi-quantitative densitometric analysis and normalized
against β-tubulin level, wherein rabbit, polyclonal anti-β-tubulin
(1:1000, in 0.1% BSA with TBST; Abcam, Cambridge, UK) and
donkey secondary anti-rabbit antibody (1:6000 in TBST, 1 h RT;
Jackson ImmunoResearch) were used to measure β-tubulin level.
Detection was performed using chemiluminescence substrate
(Immune-Star™ HRP kit; Biorad, Hercules, CA, USA).
Chemiluminescence was measured with ChemiDoc™ MP System
(Bio-Rad) and with exposure time from 2 s to 30 min. ImageLab
software (Bio-Rad) was used to analyze the results. The experiments
were run in triplicates.

Statistical analysis. Analysis of normal distribution of studied
characteristics was performed with Shapiro–Wilk test. Statistical
analysis of CHI3L1 expression and its correlation with
clinicopathological data was performed with Student t-test, Fisher
and Mann–Whitney U-test. Correlation between expression of
CHI3L1 and vascular markers was calculated using Spearman rank
correlation test. For the analysis of overall (OS) and disease-free
survivals (DFS), Kaplan–Meier and log-rank (Mantel–Cox) tests
were used. Prism 5.0 (GraphPad, La Jolla, CA, USA) software was
used for statistical analysis. In all cases analyzed, p-values of less
than 0.05 were considered statistically significant. 

Results

Immunohistochemistry. Analysis of IHC reactions showed
cytoplasmic localization of CHI3L1 in 74.5% (n=82) cases

of IDC (Figure 1A-D). A low level of CHI3L1 expression
(0-3 IRS points) was shown in 71 (64.5%), and high
CHI3L1 expression (4-12 IRS points) was found in 39
(35.5%) specimens (Table I). Expression of CD31 and
CD34 was confirmed by IHC reaction in vascular
endothelial cells (Figure 1E and F), and that allowed for the
evaluation of relative MVC in the analyzed carcinomas.
Newly formed vessels were stained because of the
expression of CD34 antigen, which is a marker of vascular
endothelial progenitor cells (36). Expression of angiogenesis
markers VEGFA, VEGDC and VEGFD (36) was observed
in the cytoplasm of cancer cells (Figure 1G-I). Intensity of
IHC reactions for markers, as well as cut-off points
(medians) are shown in Table III. Correlation between
expression of CHI3L1 and selected clinicopathological
factors is shown in Table I. Analysis of CHI3L1 expression
in tumors of different grades of malignancy indicates a
significantly higher level of this protein in comparison to
the controls (NBTLs) (p=0.035, p=0.018, p<0.0001,
respectively), as well as its higher expression in grade 3 in
comparison to grade 2 cancer (p=0.056) (Figure 2A). Fisher
test demonstrated a statistically significant difference in the
level of CHI3L1 expression depending on PR status
(p=0.051). Statistically higher CHI3L1 expression was
found in ER– tumors (p=0.041) (Figure 2B) and in PR–
cases (p=0.014) (Figure 2C). The level of CHI3L1
expression was borderline statistically significant (p=0.081)
in triple-negative (TN) tumors (ER–, PR–, HER2–) (Figure
2E), however, no differences were found in CHI3L1
expression in relation to HER2 status (Figure 2D). Analysis
of correlation of CHI3L1 expression with vascular markers
showed statistically significant positive correlations with:
CD31 (r=0.34, p=0.0003) (Figure 3A), CD34 (r=0.24,
p=0.012) (Figure 3B) and VEGFD (r=0.24, p=0.013)
(Figure 3C). No correlation was found between expression
of CHI3L1 with VEGFA, nor with VEGFC.

The results obtained by our group showed no statistically
significant correlation between CHI3L1 expression and OS
and DFS times. 

Real-time PCR. The results of real-time PCR experiments for
tumors of various grades of malignancy indicate higher
CHI3L1 mRNA expression in grade 3 in comparison to grade
2 cancer (p=0.067) (Figure 4A). No statistically significant
difference was observed in the level of CHI3L1 mRNA
between other malignancy grades in the analyzed cases
(Figure 4A).

Western blot. Total protein expression was evaluated by
western blot and confirmed the presence of CHI3L1 in
tumors, however, no statistically significant differences were
observed between particular grades of cancer malignancy
(Figure 4B).
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Table II. Immunoreactive score (IRS) according to Remmele and Stegner
(34). The score is the product of the score for the percentage of
positively stained cells (A) and for immunohistochemical reaction
intensity (B).

Points                Percentage of positively                 Intensity of color 
                                stained cells (A)                            reaction (B)

0                                          0%                                 0 No color reaction
1                                       ≤10%                                              1
2                                      11-50%                            2 Moderate intensity
3                                      51-80%                                 3 Intense color
4                                       >80%                                               



Discussion 

Our studies showed positive correlation between CHI3L1
expression and selected markers of angiogenesis, namely
CD31, CD34 and VEGFD, which may suggest a potential
role of CHI3L1 in this process in IDC.

These results are in line with an article published by Shao
et al., who demonstrated correlation of CHI3L1 with
angiogenesis in mouse models of human breast and colon
cancer. They found positive correlation between CD31+ and
CD34+ microvessel density (MVD) and CHI3L1 expression
(42). They showed significantly greater volume of tumors
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Figure 1. Immunohistochemical reactions performed on paraffin sections of invasive ductal breast carcinoma. Cytoplasmic expression of chitinase
3 like 1 (CHI3L1) protein in breast cancer cells with different grades of malignancy: A: Grade 1: weak, B: grade 2: medium, C: grade 3: medium,
and D: grade 3: strong expression. Examples of positive expression of vascular and angiogenesis markers: E: CD31, F: CD34, G: VEGFA: vascular
endothelial growth factor A, H: VEGFC, and I: VEGFD. Magnification, ×200. 

Table III. The analysis of expression of markers studied in invasive ductal breast carcinoma. Examination of immunohistochemical reactions (IHC)
according to the immunoreactive score (IRS) of Remmele and Stegner (34). CD31- and CD34-stained relative microvessel count (MVC) was
evaluated using a Chalkley eyepiece. Median values were used as the cut-off points. 

                                                                                                                       Low expression                                                High expression 

IHC marker                                    Cut-off value                                  (N)                                %                                 (N)                                   %

CHI3L1                                       IRS 0-3 vs. 4-12                                71                             64.5                                  39                                  35.5
VEGFA                                        IRS 0-4 vs. 6-12                                69                             62.7                                  41                                  37.3
VEGFC                                        IRS 0-4 vs. 6-12                                73                             66.4                                  37                                  33.6
VEGFD                                       IRS 0-4 vs. 6-12                                70                             63.6                                  40                                  36.4
MVC CD31                                       ≤8 vs. >9                                      61                             55.5                                  49                                  44.5
MVC CD34                                      ≤9 vs. >10                                     66                              60                                     43                                  40

CHI3L1: Chitinase 3 like 1; VEGFA: vascular endothelial growth factor A; VEGFC: vascular endothelial growth factor C; VEGFD: vascular
endothelial growth factor D.



induced with the use of CHI3L1-overexpressing MDA-MB-
231 human breast cancer cells. It was also demonstrated that
CHI3L1 affects angiogenesis in a VEGF-independent
manner by regulating migration or formation of vascular

structures by human microvasculature endothelial cells in
vitro (42). Additionally, in vitro studies using human U87
glioma cell line and in vivo studies in a mouse model of
human glioma and glioma material from patients showed a
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Figure 2. A: Analysis of chitinase 3 like 1 (CHI3L1) protein expression level in invasive ductal breast carcinoma (IDC) relative to non-malignant
breast tissue lesions (NBTLs) and according to grade (G) of cancer malignancy. Significantly different at *p=0.035, *p=0.018, and ***p<0.0001.
Evaluation of CHI3L1 expression level in IDC relative to B: estrogen receptor (ER), C: progesterone receptor (PR), D: human epidermal growth
factor-2 receptor (HER2) and E: triple-negative (TN) status. CHI3L1 expression was statistically significantly higher in ER– (p=0.041) and PR–
(p=0.014) tumors, Mann–Whitney U-test. Data are mean immunoreactive scores (IRS) ±SD.



synergistic, pro-angiogenic effect of VEGF and CHI3L1, and
suggested a regulatory role of CHI3L1 for VEGF (32, 43).
In the above studies, silencing of CHI3L1 expression in U87
cells with siRNA showed reduced VEGF expression, thus

suggesting a regulatory effect of CHI3L1 on VEGF (32). On
the other hand, CHI3L1 expression was also induced under
extensive VEGF neutralization with the use of antibodies,
and this may indicate that CHI3L1 plays an important role
in angiogenesis when expression of VEGF is inhibited (32).
Angiogenic activity of CHI3L1 was confirmed in in vivo
studies performed in a mouse model of human glioma. In
those studies, clear inhibition of tumor growth, together with
significant reduction in cancer vascularization, was shown in
mice that additionally received monoclonal antibody to
CHI3L1 in comparison to the control group (32). 
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Figure 3. Correlation between chitinase 3 like 1 (CHI3L1) protein
expression and angiogenesis markers in invasive ductal breast
carcinoma: A: CD31: r=0.34, p=0.0003; B: CD34: r=0.24, p=0.012;
C: vascular endothelial growth factor D (VEGFD): r=0.24, p=0.013;
Spearman rank correlation test.

Figure 4. A: Analysis of chitinase 3 like 1 (CHI3L1) mRNA expression
level according to grade (G) of cancer malignancy with real-time
polymerase chain reaction method. RQ:  Relative quantity. G1 (n=6),
G2 (n=20) and G3 (n=20); G2 vs. G3: p=0.067, Student t-test. B:
Western blot analysis of CHI3L1 level in tumors with different grades
of malignancy: G1 (n=3), G2 (n=9) and G3 (n=10); no statistically
significant differences were observed in the level of CHI3L1 between
different grades of malignancy: G1 vs. G2: p=0.791, G2 vs. G3:
p=0.559, G1 vs. G3: p=0.960; Mann–Whitney U-test. 



Correlation of increased CHI3L1 expression with CD31+
MVD and shorter survival time was observed in a mouse
model of human glioma. From the therapeutic point of view, it
is important that the synergistic effect of combination therapy
based on anti-CHI3L1 antibody and radiation therapy or
immunotherapy caused a decrease in tumor mass and glioma
vascularization, and increased the survival time of mice (43). 

TN breast cancer is characterized by higher blood vessel
density in comparison to other types of breast cancer (44,
45). The results obtained by our group show higher CHI3L1
expression in TN IDC cases, which indicates the potential
involvement of CHI3L1 in angiogenesis in TN cancer of the
highest aggressiveness. 

Our results did not show any correlation between CHI3L1
expression and clinicopathological data, such as lymph node
metastasis, cancer stage or tumor size, which is in line with
observations made by others (11, 46, 47). However, Kim et
al. observed that CHI3L1-expressing tumors were larger than
those with no CHI3L1 expression (46). Results from our
group showed a higher level of CHI3L1 expression in IDC
in comparison to NMBTLs. The lack of a clear statistically
significant trend between an increase in cancer grade and the
level of CHI3L1 expression may be due to the small number
of tumors in analyzed groups. 

With the use of other research methods, we confirmed
CHI3L1 expression in IDC at the mRNA (real-time PCR)
and protein (western blot) levels. The observed tendency for
increased CHI3L1 expression in higher cancer grades in the
IDCs analyzed suggests the potential role of CHI3L1 in
progression of IDC.

The results obtained showed no correlation between
CHI3L1 expression and OS and DFS times. This observation
is similar to the results of studies carried out with the use of
IHC method and IDC material, as shown in Roslind et al.
(48), Shao et al. (11), and Kang et al. (47). In accordance
with the above literature, our results confirm no prognostic
value of CHI3L1 expression in IDC. 

Other literature showing statistically significant correlations
between increased CHI3L1 expression and shorter OS and DFS
are mainly related to studies in which ELISA was performed
using serum from patients, and this may explain the differences
in the conclusions (49-51). Wan et al. (51) conducted meta-
analysis of the role of CHI3L1 in breast cancer that suggested
the potential value of CHI3L1 as a prognostic factor, particularly
for DFS. In addition, the results of this meta-analysis indicated
that CHI3L1 may play a role in breast cancer promotion. The
authors also point to inconsistencies in the outcome of published
publications, various clinicopathological data in the studies, as
well as to significant heterogeneity between particular studies,
including different methods for the evaluation of CHI3L1 level
(IHC, enzyme-linked immunosorbent assay, and radio -
immunoassay), different cut-off point values, different subtypes
of breast cancer, as well as various cancer stages (51). 

Conclusion 

The level of CHI3L1, as measured by IHC staining, appears
to have no prognostic value for OS and DFS. Further studies
are necessary for better understanding of the role of CHI3L1
in breast cancer biology.
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