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ARTICLE INFO ABSTRACT
Keywords: The poor prognosis of patients initially diagnosed at an advanced stage of colorectal cancer (CRC)
YKL-40 and the heterogeneity within the same tumor stage define the need for additional predictive

Tumor budding

biomarkers. Tumor buds are proposed as a poor prognostic factor for CRC, however, they are still
Colorectal cancer

not implemented into routine pathology reporting. In turn, the chitinase-3-like protein 1
(CHI3L1) also known as YKL-40, is regarded as a candidate circulating biomarker and therapeutic
target in CRC. The aim of our study was to investigate tissue YKL-40 localization and tumor
budding in CRC. Thirty-one CRC patients and normal colonic tissues were examined. The cor-
relation between YKL-40 levels, tumor budding and clinocopathological parameters was evalu-
ated by polychoric correlation analysis. The immunohistochemical assessment revealed high YKL-
40 expression in CRC in contrast to normal mucosa. Specifically, intense YKL-40 staining was
detected in the front of tumor invasion compared with tumor parenchyma and noncancerous
tissue. We present novel data for increased YKL-40 expression in tumor buds within the front of
tumor invasion. We assume that the combination of this morphological parameter with the tissue
level of the pleotropic YKL-40 glycoprotein could serve as a future prognostic biomarker for CRC
stratification and treatment.

1. Introduction

Colorectal cancer (CRC) is the third most common neoplasm worldwide and is one of the leading causes of death among oncological
patients [1]. Progress is being made regarding early detection, risk stratification, and treatment principles. However, there are still
unexplained aspects of how genetic alterations in CRC modulate cancer cell biology and shape the heterotypic interactions across cells
in the tumor microenvironment (TME) [2].

Histomorphologic analysis remains an important tool to stratify malignant lesions but heterogeneity within the same tumor stages
defines the need for additional prognostic biomarkers. Tumor budding was reported for the first time as “sprouting” at the invasive
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edge of carcinomas [3]. Since then, tumor budding is object of intensive investigations. It is considered as a histopathologic marker of
an aggressive tumor process. Tumor budding is characterized by isolated or small clusters of tumor cells that are removed from the
neoplastic epithelium and migrate a short distance into the neoplastic stroma. Tumors which display this feature have a more
aggressive behaviour [4,5]. Some authors reported that the evaluation of budding could be a useful prognostic marker in CRC patients
[6], but still the detailed molecular mechanisms of this formation remain unknown [7].

In the past two decades, tumor buds were proposed as a poor prognostic factor for CRC but they are still not implemented into
routine pathology reporting. The American Joint Committee on Cancer and the College of American Pathologists guidelines for CRC
include tumor budding as an optional field with a recommendation to report it in all stage I and stage II cases [7]. Single cells or clusters
of up to four cells at the invasive margin of CRC could be classified as peritumoral budding (tumor buds at the tumor front) [8].

There are a number of predictive and prognostic genetic, molecular and proteomic markers that entered the clinical practice in CRC
diagnosis and therapy [9]. However, there is not a single reliable biomarker for prediction of clinical outcome and response to
treatment of CRC patients, which imposes the usage of a constellation of different laboratory and clinical parameters. Many efforts are
now addressed to identify new molecules that can be also used as drug targets. Potential diagnostic, prognostic, and predictive CRC
biomarkers such as proteins [1], epigenetic changes [10], non-coding RNAs [11] and fecal metabolites [12] are investigated. Most of
them are tightly linked to proliferation, metastasis, and drug resistance [13].

In this varied field, the Chitinase-3-like protein 1 (CHI3L1) also known as YKL-40, rises a lot of interest as a candidate circulating
biomarker and therapeutic target in CRC [14,15]. YKL-40 is a 40 kDa heparin- and chitin-binding glycoprotein, which belongs to the
family of glycosyl hydrolases, but lacks enzymatic properties [16]. It is secreted by a multitude of cells including neutrophils, mac-
rophages, stem cells, fibroblast-like synovial cells, chondrocytes, endothelial cells, vascular smooth muscle cells and hepatic stellate
cells, as well as by tumor cells [17,18]. The gene for YKL-40 (CHI3L1) is located on chromosome 1q32.1 [19] and is overexpressed in
normal cells with high proliferation rates [20]. YKL-40 plays a major role in different physiological processes involved in tissue
remodelling and cellular adaptation to modifications of the TME along with macrophage differentiation and dendritic cells recruitment
[21].

YKL-40 dysregulation has been linked to chronic inflammatory diseases and cancer, although its function has not yet been fully
clarified in these pathological conditions. Recent evidence in different human cancers and animal tumor models links YKL-40 gene
overexpression to higher cell proliferation, angiogenesis and vasculogenic mimicry, migration, and invasion [22,23]. For example,
YKL-40 promotes cancer angiogenesis in glioblastoma and in breast and colon cancer [24]. Overexpression of YKL-40 is associated
with extracellular tissue remodelling in glioblastoma as well as in non-small cell lung cancer (NSCLC) and prostate cancer, where it
directly regulates the expression of Epithelial Mesenchymal Transition (EMT) genes [25,26]. Moreover, since YKL-40 is a secreted
inflammatory protein, elevated patient serum concentrations have been reported to correlate with advanced tumor stage, poor
outcome and limited response to therapy in various malignant diseases, including CRC [27,28]. Furthermore, in another survey,
HCT116 and CaCo2 cells overexpressing YKL-40 were shown to exhibit increased motility, invasion and proliferation, and YKL-40
up-regulation was associated with EMT signalling activation. Of note, tissue YKL-40 overexpression has been proposed to increase
the metastatic potential of CRC [29].

All these studies provide important evidence in support of the possible use of YKL-40 as a novel therapeutic target, as recently
suggested by preclinical studies based on the application of an anti-YKL-40 antibody to treat brain tumors [30].

An increasing number of studies focused on CRC highlight serum YKL-40 level as a risk predictor and as an independent prognostic
biomarker [20,31]. Also, the mechanism behind the short survival of CRC patients with elevated serum YKL-40 remains still to be fully
elucidated. Moreover, the prognostic value of YKL-40 in patients with mCRC has not been examined yet.

In the current pilot study, we investigate tissue YKL-40 expression and tumor budding in CRC searching a relationship between
protein level, tumor budding and clinico-pathological parameters. We present novel data on association of YKL-40 immunoreactivity
with tumor front (budding) in adenocarcinomatous cells.

2. Materials and methods
2.1. Patient samples

A retrospective record review was performed on 31 patients who had undergone surgical resection for CRC at Service d’ Anatomie et
de Cytologie Pathologiques, Grand Hopital de I’Est Francilien, Jossigny, France and at the Department of General and Clinical Pa-
thology, Medical University of Plovdiv, Bulgaria.

During the primary review of tissue samples and clinical records of the basic group of patientsp the following selection criteria were
set: optimal tissue preservation with few or no surgical autolysis according to light microscopic evaluation; histologically present CRC;
budding reported only in nonmucinous and nonsignet ring cell adenocarcinoma areas of the tumor; neither prior radiation treatment
nor neoadjuvant therapy. Clinical and follow-up data were obtained from medical records and surgical pathology files. For each
patient the following demographic and clinicopathological characteristics were considered: age, sex, tumor localization, tumor dif-
ferentiation, pathological tumor stage (pTNM), presence of microsatellite instability or genetic somatic mutation, and budding.

Informed consent was obtained from all patients and the survey was approved by the Ethics Committee at the Medical University of
Plovdiv (Protocol No 4/08.06. 2022). CRC tissues were collected at the time of surgical resection, fixed in 10% neutral buffered
formaldehyde. Small pieces of tissues at the border with a non-tumorous colon (around 2 x 2 x 2to 3 x 3 x 3 cm depending on the
size) were embedded in paraffin. Normal samples from distal tumoral colonic tissue from the main group of patients and 5 non-
neoplastic colon tissue samples (surgical margins of operative material from sigmoid diverticulosis; age-matched patients) were
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used as internal and external normal controls, respectively.
Standard 4-pm-thick paraffin sections were stained with haematoxylin-eosin (HE) and haematoxylin-eosin-safran (HES) or were
used for immunohistochemical analyses.

2.2. Immunohistochemistry

Briefly, tissue sections were deparaffinized and rehydrated. Antigen retrieval was achieved with 0.01 M citrate buffer (pH 6.0) for
20 min at 95 °C water bath. Endogenous peroxide was quenched by 3% H0,, followed by protein block according to manufacturer’s
instructions (Leica, NovocastraTM Peroxidase Detection System, Cat No RE7110-K). All samples were incubated with primary rabbit
polyclonal anti-YKL-40 antibody (Abcam, ab180569; working dilution, 1:100) at 4 °C, overnight. For each case a negative control was
prepared by replacing the primary antibody by 1% BSA/TBS. Samples were then incubated with biotinylated secondary antibody for 1
h and with streptavidin-HRP for 30 min, at room temperature (RT). DAB was used as a chromogen. Following counterstaining with
Novocastra haematoxylin, the slides were mounted with mounting medium (Biognost, Cat N2 BM-500). Digital slides were visualized
using the CaseViewer (3DHistech) software.

The intensity of YKL-40 expression was calculated according to a semi quantitative scale [20,32,33]. The findings were stratified
using a scale of 0-3: a score of 0 denoted no detectable expression, 1 denoted “weak” expression (in <10% of the total cells in one visual
field at 400 x magnification), 2 denoted “moderate” expression (>10%-50% of the total cells in one visual field at 400 x magnification)
and 3 denoted “strong” expression (in >50% of the total cells in one visual field at 400x magnification).

2.3. Tumor budding assessment in CRC

The quantitative morphologic analysis of tumor budding was performed by a senior pathologist (DD) as recommended from the
International Tumor Budding Consensus Conference (ITBCC) of 2016. Tumor budding was scored using a 3-tier system (Bd1-Bd3)
according to the number of buds evident in the highest count after scanning 10 separate fields (at 20x objective lens) along the
invasive front of the tumor. The number of tumor buds was based on HE assessment [34]. A correction for microscope eyepiece field
diameter as well as bud count normalization to a field area of 0.785 mm? was performed [32].

Table 1
Demographic and clinicopathological characteristics of CRC patients.

Characteristics Patients

Number n=31
Age (years), mean 70,9 + 10, 2

Sex 14 (45,2 %)
Female 17 (54, 8 %)
Male

Primary site 14 (45,2 %)
Right colon 14 (45,2 %)
Left colon 3 (9,7 %)
Other (rectum, colon transversum)

Histology 29
Conventional 2
Not determined

Histological grade (G) 27 (87,1%)
G1-G2 (low grade) 4 (3%)

G3 (high grade)

Tumor stage 1 (3,2%)
pT1 3 (9,7%)
pT2 15 (48,4%)
pT3 12 (38,7%)
pT4

Lymphatic and vascular invasion 17 (54,8%)
Present 14 (45,2%)
Absent

Microsatellite instability 12 (38,7%)
Present 19 (61,3%)
Absent

Genetic somatic mutations 25 (80,6%)
K-Ras 2 (6,5%)
N-Ras 4 (12,9%)

Others (PIK3CA/p.E545K)

Legend: G1-well-differentiated tumor; G2-moderately differentiated tumor;
G3-poorly differentiated tumor.
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Fig. 1. Strong YKL-40 expression in tumor buds within the front of tumor invasion in CRC. Tissue sections (A) Tumor budding (Bd3) (left) in
the front of tumor invasion of colorectal carcinoma in standard stain. HES, x100; (B) Lack of YKL-40 immunoreactivity in the glands (0) and weak
glycoprotein expression (1+) in macrophages within the mucous chorion of normal control colon. Immunohistochemistry (IHC), anti-YKL-40, x400
(original magnification); (C), (D) Higher immunohistochemical expression of YKL-40 in colorectal carcinoma (right) compared to the normal mucosa.
Apical membranous and vacuolar YKL-40 expression (arrow) of low (D) to moderate (C) intensity in the glandular tumor parenchyma. IHC, anti-
YKL-40, x50 (C), and x200 (D) (original magnification); (E) Intensive immunostaining of YKL-40 (2+ and 3+) in the front of tumor invasion. IHC,
anti-YKL-40, x200 (original magnification); (F) Higher immunohistochemical expression (arrow, centre) compared to the tumor parenchyma (left
and top). IHC, anti-YKL-40, x200 (original magnification); (G) Intensive immunostaining (3+) of YKL-40 in the tumor budding (Bd3) in the front of
tumor invasion-tumor and stromal cells. IHC, anti-YKL-40, x400 (original magnification); (H) Strong expression of YKL-40 (3+) in a peritumoral
venous tumor embolus. IHC, anti-YKL-40, x200 (original magnification). YKL-40 expression levels in tumor parenchyma, stroma and front are
Essessed on adenocarcinomatous cells (cytokeratin 20+/cytokeratin 7-/CDX2+ markers).

2.4. Statistical analysis

The data were explored for missing values, where none were detected, and distributional assumption tests were then performed.
Fisher’s exact test was used to assess the association among the studied ordinal variables (tumor budding, YKL-40 expression, his-
tological differentiation of the tumor). Exact confidence intervals of the proportions were calculated using the binominal distribution.
Statistical data processing was conducted using Fisher-Freeman-Halton test and GraphPad Prism10.

Given that most of the variables of interest were binary or ordered categorical, we employed polychoric correlation analysis (or
polyserial correlations for the tests with Age) to examine the patterns of associations in our dataset. Polychoric correlations were
generated as maximum likelihood estimates under the assumption that the observed ordinal variables reflected continuous latent
constructs [35]. For these tests, we used the package “polychoric” in Stata v. 18 [36]. The correlations of interest were presented in a
tabular form. Results were considered statistically significant at the p < 0.05 level.

To control the proportion of type I errors (false discovery rate) due to multiple testing within a given statistical family of tests (e.g.,
in a correlation matrix with multiple bivariate tests), we applied the Benjamini-Hochberg correction method [37].

3. Results
3.1. Demographic and clinicopathological characteristics of CRC patients

The sample comprised a total of 31 CRC patients with a mean age of 71 + 10 (years). Fourteen (45,2%) were females and 17 males
(54,8%). The clinicopathological characteristics of the patients examined are summarized in Table 1. Patient survival is strictly
correlated with the pT stage in the TNM classification and ranges from 3 to 12 years after initial diagnosis, to date (data not shown).

3.2. Evaluation of tumor budding

Tumor budding was classified as high (Bd2 and Bd3) in 19 tumors (61,3%) of which 16 were moderate and low differentiated
(Fig. 1A). Absence or Bd1 was found in 12 (38,7%) patients.

3.3. Evaluation of YKL-40 expression in CRC and normal colon tissues

The expression of YKL-40 in 31 CRC specimens and distal normal peritumoral tissue mucosa and external controls was investigated
by immunohistochemistry. Positive expression (brown) staining of YKL-40 was noticed in the cell cytoplasm. Lack of YKL-40 reactivity
(0) in normal colon glandular tissue and weak glycoprotein expression (1+4) in macrophages within tumor stroma were observed
(Fig. 1B). The immunohistochemical expression of YKL-40 was higher in CRC compared to the normal mucosa (Fig. 1C). Low to
moderate (14 to 2+) YKL-40 expression was noted in the glandular tumor parenchyma of CRC patients (Fig. 1D). Intensive immu-
nostaining of YKL-40 (2+ and 3+) in the front of tumor invasion was found (Fig. 1E) in comparison with tumor parenchyma (Fig. 1F)
and normal controls (Fig. 1B and D).

Strong expression of YKL-40 (3+) in the tumor budding (Bd3) in the front of tumor invasion within tumor and stromal cells
(Fig. 1G) and in peritumoral venous tumor emboli was detected (Fig. 1H).

A significant difference in the localization of YKL-40 expression in the tumor parenchyma and at the front of tumor invasion was
also found. In tumor parenchymal cells, the expression was membranous and in the apical part of vacuoles (Fig. 1D). In tumor cells
with budding at the invasion front, YKL-40 showed a diffusely cytoplasmic expression (Fig. 1B, C, D, F).

3.4. Quantitative analysis of YKL-40 expression

In the next step, we compared quantitatively YKL-40 expression in different tumor regions — tumor parenchyma, stroma and tumor
front in the adenocarcinomatous cells (cytokeratin 20+/cytokeratin 7-/CDX2+). Summarized data of YKL-40 expression in different
tumor regions are presented in Table 2, while Fig. 2 compares YKL-40 in tumor front and tumor parenchyma.

Strong YKL-40 immunoreactivity was determined in the tumor front of 30 patient samples (96,8%), while positivity in the tumor
parenchyma was detected only in 6 patients (19,6%). These observations suggest a definitive difference between tumor parenchyma



Table 2
Immunohistochemical expression of YKL-40 of different tumor areas in CRC colon.
Expression of CRC, CRC, CRC, CRC CRC
YKL-40 tumor parenchyme tumor tumor tumor normal parenchyme tumor normal stroma
stroma front
N % N % N % N % N %
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
No expression detected 0 0 0 0 0 0 5 16,1 4 12,9
(0,0-11,2) (0,0-11,2) (0,0-11,2) [5,5-7,7-33] (3,6-29,83)
Weak expression 7 22,6 5 16,1 1 3,2 24 77,7 19 61,3
+) [1,6-9,9-41] [5,5-7,7-33] (0,1-16,7) [4,9-58,58-90] [2-15,15-42,42-78]
Moderate expression 18 58,1 21 67,7 0 0 2 6,5 8 25,8
(++) [1-5,5-39,39-75] [3,6-48,48-83] (0,0-11,2) (0,8-21,4) (11,9-44,61)
Strong expression (+-++) 6 19,4 5 16,1 30 96,8 0 0 0 0
[5,5-7,7-37] [5,5-7,7-33] [3-9,9-83,83-99] (0,0-11,2) (0,0-11,2)

Legend: 95% CI — 95% Confidence interval.
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Fig. 2. Definitive difference in YKL-40 expression between tumor parenchyma and tumor front. * The visualized uncertainty represents the
95% CIL

and tumor front in cases of strong YKL-40 expression (Fig. 2).

As expected, there was no intensive staining for YKL-40 in normal colon. Table 2 summarizes the level of immunohistochemical
expression and its localization in CRC colonic tissues. The frequency modulation and the statistically significative differences in the
intensity of YKL-40 expression in the tumor parenchyma and in the tumor stroma relative to the tumor front and to the negative
controls are presented in Fig. 3.

3.5. Correlation analysis between YKL-40 expression and clinicopathological parameters

To further elucidate the relationship between YKL- 40 expression levels, tumor budding and clinicopathological parameters we
performed polychoric correlation analysis. This matrix has been compiled by reporting the most significant correlation coefficients,
where the p-values followed additional Benjamini-Hochberg correction. Statistically significant correlations and associations were
obtained between tumor budding and lymph node involvement, invasion in lymphatics and blood vessels, respectively (r = 0.818, p =
0.0032; r = 0.800, p = 0.0036; r = 0.997, p = 0.0036). A moderate correlation between YKL-40 protein levels in tumor stroma and the
number of somatic mutations detected (r = 0.593) was registered. Also a link between YKL-40 protein levels in the tumor front and the
vascular invasion (r = 0.946) was found. However when the Benjamini-Hochberg correction was applied these correlations turned to
be not significan (p = 0.16, p = 0.877) (Table 3). The exact uncorrected and corrected p-values are presented in Supplementary
Table S1.

Collectively, our results on YKL-40 levels and tumor budding in CRC suggest a possible role for this glycoprotein in tumor invasion.
These data also address the prognostic significance of YKL-40 as a potential marker for CRC diagnosis, stratification, and treatment.

YKL-40 expression

N[ T

40+
%ﬂ 3 no expression (category 0)
NS
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Bl moderate expression (category 2)
204 E= high expression (category 3)

10+

Frequency
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Fig. 3. Difference in the intensity of YKL-40 expression in tumor parenchyma, stroma and front in CRC and in normal colon. Statistical
significative differences of YKL-40 expression in the tumor parenchyma and in the tumor stroma relative to the tumor front and negative controls,
respectively (tissue samples: CRC n = 31, normal colon n = 5). YKL-40 expression levels were categorized into four groups (category O- no
expression, 1- low expression, 2- moderate expression, 3- high expression) in the tissue regions analyzed: (TP- tumor parenchyma; TS- tumor stroma;
TF- tumor front; TNP- tumor normal parenchyma; TNS- tumor normal stroma; PNC- parenchyma normal colon; SNC- stroma normal colon). Fisher-
Freeman-Halton test. Differences are statistically significant with a Benjamini-Hochberg corrected p value (*p < 0,001; **p = 0,0022; ***p =
0,0023); not significant (NS), p > 0.05). For exact uncorrected and corrected p-values, see Supplementary Table S2.
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Table 3
Polychoric correlation matrix between YKL-40 expression and budding and other clinical variables.
G pT pN L \ Mutations MSS/ Age Female vs Male
MSI
Tumor parenchyma 0.199 —0.183 —0.120 —0.347 —0.143 0.175 —0.225 —0.040 0.066
Tumor stroma 0.003 —0.307 —0.113 —0.156 —0.239 0.593 —0.341 —0.100 —0.668
Tumor front - —0.996 —0.251 —0.951 0.946 —0.069 - —0.004 -
Tumor normal parenchyma —0.065 —0.455 0.159 0.140 0.196 0.233 —0.376 —0.091 —0.991°
Tumor normal stroma —0.165 —0.085 0.212 0.123 0.373 0.044 —0.239 0.034 —0.419
Budd 0.021 0.106 0.818" 0.800" 0.997% 0.013 —0.160 0.006 —0.329

Abbreviations: G-histological stage; pT-tumor stage; pN- invasion in lymph nodes; L-lymphatics; V-blood vessels; MSS/MSI- microsatellite stability/
microsatellite instability.

@ Correlation is statistically significant with a Benjamini-Hochberg corrected p value < 0.05. For exact uncorrected and corrected p-values, see
Supplementary Table S1.

4. Discussion

Despite the increasing recommendations for early detection screening and the continuous advancements in treatment protocols,
approximately 25% of patients are initially diagnosed at an advanced stage with metastases. About 20% of these cases may develop
metastatic CRC (mCRC), which is the main cause of CRC mortality [38,39].

Currently, the clinical stage determined in accordance with the TNM (tumor, lymph nodes, metastasis) classification provides
information for risk stratification and for the choice of appropriate therapy. Nevertheless, the heterogeneous nature of tumors and the
varying responses of primary and metastatic tumors to different treatment options often cause diverse patient outcome also within the
same prognostic group or in patients with the same tumor stage [40]. In addition, drug resistance is still a major barrier to effective
cancer treatment [41].

The prognostic importance of CRC tissue levels of YKL-40 is not fully clear yet. To our knowledge, the present study is the first to
assess the significance of the tumor budding in CRC and the clinicopathological value of YKL-40 expression in different tumor regions.
In addition, the impact of YKL-40 according to the immune score is discussed. Compared to normal cells, YKL-40 expression is shown to
be higher in various cancer cells [15,42,43]. Here, in the CRC study group examined, we have also clearly detected elevated YKL-40 in
the tumor parenchyma, stroma and front of adenocarcinomatous cells. Of note, in our survey, we are showing that YKL-40 is not only
expressed in tumor cells, but it is intensively present in the tumor front (both in tumor and stromal cells), indicating a role in the
invasive potential of cancer cells. In support of this data is the observation by Xu CJ et al. who reported a proliferation of stromal
myofibroblasts in colon carcinoma that resulted in fibrosis in the area of tumor budding [44]. These findings are in accordance with
other investigations focused on the prognostic impact of YKL-40 immunohistochemical expression in CRC patients [42,45]. YKL- 40
has also been shown to be involved in promoting CRC cell migration and invasion by activating the EMT, probably through the
PI3K/AKT signalling pathway [29].

Tumor budding is thought to be an emerging prognostic biomarker in a variety of solid cancers, including CRC [45,46]. It rep-
resents a dynamic process involving tumor cell dissociation from the main tumor tissue [47]. In CRC, tumor budding is correlated with
the prediction of lymph node metastasis in pT1 cases [48] and a poor relapse in stage II colon cancer [49]. Additionally, tumor budding
is also discussed as a marker associated with EMT transition where tumor buds interact with diverse components of the tumor stroma
[501.

Yamada et al. used tissue microarray to show that a set of five EMT-related proteins have a minor role in tumor bud formation. This
finding provoked the search for new protein molecules associated with tumor budding and progression [51]. Furthermore, YKL-40
promotes invasion and metastasis of bladder cancer by regulating EMT [52]. Thus, YKL-40 may be a good candidate and supported
by our data, together with tumor budding, they may serve as prognostic biomarkers in colon cancer. In the future, it would be of great
interest to investigate and follow up YKL-40 expression in metastases within the CRC group examined, with respect to tumor budding
with the aim of unraveling its predictive significance in cancer recurrence.

Recent research focusing on YKL-40 tissue expression in CRC and Inflammatory Bowel Disease (IBD) revealed a significant
upregulation in colonic epithelial cells under inflammatory conditions and a particular ability of YKL-40 to exacerbate intestinal
inflammation by enhancing bacterial adhesion and invasion in colonic epithelial cells [31,53]. We are unaware of earlier research on
both YKL-40 and tumor budding in CRC, therefore, our present results are the first to reveal moderate to strong expression of YKL-40 in
tumor stroma and tumor front in 67,7% and 96, 8% of CRC cases, respectively. The relationships between YKL-40 protein levels in
tumor stroma and tumor front with the presence of somatic mutations and vascular invasion, respectively, are other interesting
findings of our study (data not shown). They support the fact that genetic mutations can cause important stromal changes and acti-
vation, and indicate a possible role for YKL-40 in cancer progression and invasion. In turn, the association found between MSS/MSI and
aging in our analysis is consistent with previously published data, as microsatellite instability is a hallmark of age-related defects in
DNA mismatch repair activity [54,55].

A potential angiogenic role of YKL-40 in CRC in an animal model was reported by Kawada et al. [56]. These results were supported
by the fact that YKL-40 expression was regulated by a variety of pro-inflammatory cytokines [28]. Tissue overexpression of YKL-40
plays an important role in stromal cells and in the TME, by promoting chemotaxis of macrophages and increasing the density of
microvessels [57].
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Additionally, in a previous multi-cohort study of public human CRC expression profiles and our own clinical data (n = 1533) we
detected elevated YKL-40 expression which correlated with shorter survival in patients with advanced CRC. We investigated the
prognostic impact of YKL-40 by analyzing data of CRC patients with different stages. In four out five datasets, Kaplan-Meier curves
showed shorter survival in patients with high YKL-40 expression levels than in patients with low YKL-40. Indicating that YKL-40
upregulation is related to a poor prognosis of CRC [29].

We found tumor tissue-specific modulation in YKL-40 expression in CRC. In particular, much higher levels were detected at the
front of the tumor, relative to the tumor parenchyma and stroma. The restriction of YKL-40 expression at the tumor front, together with
tumor budding at the tumor front and the apparent association between budding and clinicopathological features such as invasion in
lymphatics and blood vessels, indicate a possible role for YKL-40 in cancer progression. There are several key data published in the
literature, supporting our findings. The group of Graves et al. found increased secretion of a cell surface mucin-glycoprotein in breast
cancer, podocalyxin, which facilitated tumor spread and regulated tumor budding and invasion [58]. In this regard, Shino et al. re-
ported the presence of cytoplasmic pseudo-fragments around budding foci in CRC, which resulted from the activation of lysosomal and
cytosolic enzymes and glycoproteins in the cytoplasm of tumor cells within the tumor front [59].

However, although there is an obviously enhanced expression of YKL-40 in tumor buds, we did not find significant correlation
between expression level, tumor grade or budding score. A limitation of our study is the small number of examined cases, which could
partially explain the lack of correlation observed. Also, it should be considered that in normal colonic tissue there are no buds nor
strong YKL-40 expression. In addition, since there is almost no variation in YKL-40 expression at the tumor front in our group of CRC
patients, the analysis of this parameter is not that informative. Another drawback of the report is the lack of data on the clinical
outcome and survival as this is a prospective pilot study. Taking into account the modest statistical power of our analyses, the
borderline-significant associations we observed could still be considered clinically important with a relative prognostic impact. We
believe that more translational studies including experiments on CRC cell lines, as well as examining a larger CRC cohort could have a
prognostic value and might implicate new reliable biomarkers.

In conclusion, we present novel data on YKL-40 expression and tumor budding in CRC suggesting that this glycoprotein with
diverse functions might be associated with tumor aggressiveness. A new insight into the clinical relevance of the identified signatures,
the spatial immunochemical expression of YKL-40 and tumor budding is provided.
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