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Abstract
The necessity of therapeutic approaches focused on the in�ammatory microenvironment of colorectal
cancer (CRC) is becoming more and more apparent, both in order to improve post-surgical care and
subsequent therapeutic strategies, and also for better quality of life for the patients. We have investigated
a panel of 39 in�ammatory factors using a multiplex magnetic bead-based immunoassay, in relation with
CEA and CA19-9, classical tumor markers and the expression levels of pErk, occludin, and STAT1 and
STAT3 transcriptional factors. Within the tumor and paired normal tissue samples collected during tumor
resection surgery, we have identi�ed 32 biomarkers displaying statistically signi�cant differences. Several
relevant correlations have been observed in a combined multi-type correlation matrix. Chitinase 3-like 1
seems to be a trigger for activation pathways for tumor growth and metastasis. Through IL-22 and IL1β,
IL-8 correlates indirectly with CA19-9 and CEA, respectively. We also emphasize the diminished APRIL and
high BAFF levels in colon cancer tumor tissue, which is quite unique. The strong correlation between
APRIL, BAFF, IL-8 and MMP2 recommends these as combined targets in immunotherapies for colon
cancer treatment, and indicates the marker quartet may serve as a starting point in colon cancer
screening.

Introduction
Colorectal cancer (CRC) is the third most common fatal malignancy worldwide 1, almost 50% of these
patients eventually succumbs to the disease. In recent years, there have been major advances in
understanding the molecular basis of tumor and its progression from adenoma to carcinoma. These
pathways can hold potential for translation into novel strategies for the treatment of CRC 2. The
malignant phenotype activates in�ammatory cells leading to cellular immunity alteration and forcing
these cells to produce soluble factors (cytokines, chemokines, growth factors, proteases, etc.) that
regulate growth, differentiation and survival of tumor cells. Tumor expansion causes thus signi�cant
peritumoral in�ammation which determines the continuous activation of the pathways involved in tumor
initiation, promotion and progression 3. These stages of neoplastic evolution are enhanced within the
in�ammatory context which promotes sustained proliferation, resistance to apoptosis, reprogramming
and reorganization of the stromal environment, and genomic instability 4. In addition, tumor cells increase
the in�ammatory constellation by producing a wide range of cytokines, cytotoxic mediators including
reactive oxygen species, serine and cysteine proteases, MMPs and membrane-perforating agents 4,5. In
order to modulate the immune response towards cancer cells and induce, if possible, tumor cell death,
cytokines, which are a part of the immune response, are targeted in some types of immunotherapies.
However, focusing on a single cytokine was shown to have only moderate e�ciency in low doses, while
high dose monotherapies lead to signi�cant side effects. The creation of multi-targeted immunotherapies
needs a thorough understanding of correlated cytokines actions within the anti-tumor response 6. Such a
need led to investigations of extended panel of in�ammatory markers in cancer patients. Molecules such
as IL-20, IL-1β and IL-22 have proved important features for being therapeutic targets in CRC 7. Several
studies employing extended multiplexes for in�ammatory pro�ling led to a wide diversity of encouraging
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results, for instance IL-6 8–11 and IL-8 10–12, expressions are higher in serum patients with CRC, and are
currently being considered as candidates to be added as new potential therapeutic targets. Other
biomarkers with diagnostic and prognostic value in CRC reported by several studies are IL-8 programmed
death ligand 1 (PD-L1)10 CEA 11,13, CA19-912 [7], MMP-9 13 etc. Despite such a multitude of studies, to
date there is no unique panel of biomarkers to distinguish between different types of cancers and more
studies are needed to �nd a reliable panel of biomarkers in terms of sensitivity and speci�city for
predictive and diagnostic aims. Moreover a combination of these markers could help the understanding
the complex chain of molecular phenomena and events leading to this phenotype.

In this work, we describe through statistical correlations some possible molecular pathways involving
tumor-related in�ammation markers and their association to CRC progression. Molecules that are
simultaneously involved in CRC progression through common pathways might be either eligible targets
for new immunotherapy drugs aiming to improve life quality and lifespan of CRC patients or grouped in a
screening panel guiding CRC patients evolution and the improvement of post-surgical therapies.

Results

Array Data
The level of 39 in�ammatory factors in tumor and paired normal tissue collected from CRC patients
during tumor resection surgery have been quanti�ed using the Bio-Plex Pro™ assay. In addition, the
concentrations of CEA and CA19.19 were detected by ELISA and the protein expression levels of
phosphorylated extracellular‐regulated kinase ½ (pErk1/2), occludin (OCLN), signal transducer and
activator of transcription 1 (STAT1) and 3 (STAT3), and carbonylated proteins (CP) were assessed
through immunobloting. The concentrations of the following biomarkers (in alphabetical order) have
been under the lowest limit of quantization (LLOQ) or under the limit of detection (LOD): IFN-α2, IL-2, IL-
10, IL-11, IL-12p70, IL-19, IL-27(p28), IL-28A/ IFN-λ2, IL-29/IFN-λ1 and osteocalcin.

All the remaining raw data sets which were detected beyond LOD (see Supplementary Table 1), have
failed the initial Shapiro-Wilks test. After log-transformation, the levels exhibiting a normal distribution
and statistically signi�cant differences in tumor vs. control were (in alphabetical order): APRIL, BAFF,
CA19-9, pERK, IL-1β, IL-1RA, IFN-β, IL-26, MMP-2, TSLP and TWEAK (Fig. 1).

All these markers except APRIL, IFN-β and TWEAK, were upregulated in tumor samples compared to
controls. The log-transformed levels which were normally distributed but exhibited no difference between
tumor tissue and control were those of sCD30.

The log-transformed levels which do not exhibit a normal distribution but exhibit statistically signi�cant
differences via Wilcoxon tests were (in alphabetical order): CP, CEA, Chitinase 3-like 1 (CHI3L1), gp130,
IFN-γ, IL-8, IL-20, IL-22, IL32, IL-34, IL-35, LIGHT/TNFSF14, OCLN, MMP-1, MMP-3, osteopontin (OPN), sIL-
6Rα, STAT1, STAT3, sTNFR1 and sTNFR2 (Fig. 2).
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All these markers except sIL-6Rα, OCLN, CP, STAT1 and STAT3, are upregulated in tumor samples
compared to controls. The log-transformed concentrations which were not normally distributed and
exhibited no difference were those of Pentatrexi3 and that of sCD163.

Correlation Matrix
A new set of variables has been de�ned as the ratio between the biomarker levels in tumors and in control
samples. Correlations between sample levels and ratios were gathered into a combined multi-type
variables correlation matrix (see Fig. 3). This matrix has been compiled by reporting the highest values
and highest signi�cance levels of the correlation coe�cients as follows: log-transformed levels ratios
which were normally distributed are represented by Pearson correlation coe�cients, the untransformed
level ratios are represented by Spearman coe�cients, the log-transformed tumor levels which are
normally distributed are represented by Pearson coe�cients, and untransformed tumor levels are
represented by Spearman coe�cients.

We note 5 positive correlation coe�cients greater than 0.751: MMP2-IL8 (concentrations ratios in log
scale) = 0.884** (Pearson), BAFF-IL8 (concentrations in tumors) = 0.820** (Spearman), IL20-IL22
(concentrations ratios in log scale) = 0.833** (Pearson), IL34-IL35 (concentration ratios in log scale) = 
0.792** (Spearman) and IL6Rα-IL1Ra (concentrations in tumors) = 0.772** (Spearman).

Also, we note also the strongest 5 negative correlations (less than − 0.650): APRIL – MMP2
(concentration ratios in log scale) = − 0.761 (Pearson), APRIL-BAFF (concentrations in log scale) = − 
0.740** (Pearson), APRIL-IL8 (concentrations ratios in log scale) = − 0.696** (Pearson), MMP3-LIGHT/
TNFSF14 (concentrations in tumor) = -0.684** (Spearman) and APRIL-sTNFR1 (concentrations in tumor) 
= − 0.667** (Spearman).

Discussion

Underexpressed and low level cytokines
An important number of cytokine levels were below the detection limit of the method (LOD and/or LLOQ)
such as IL-2, IL-10, IL-11, IL-12 (p40), IL-12 (p70), IL-19, IL-27 (p28), IL-28A / IFN-λ2, IL-29/IFN-λ1, IFN-α2 in
both tumor and normal tissue control samples while some other molecules (IL-12, sCD163 and sCD30)
exhibited no differences in tumor and control samples. Most of these cytokines were previously reported
as participants in the regulation of the anti-tumor immune response. These �ndings might suggest the
existence of a pro-malignant phenotype in these CRC patients. Another explanation for such
downregulation is that these cytokines are active during very early stages of tumor formation. This group
of cytokines deserves more attention in the future because it might reveal after further analysis, potent
biomarkers of early stage tumor detection. For example, IL-27, whose concentrations were below our
methods detection limits, has a potent antitumor activity, related not only to the induction of tumor-
speci�c Th1 and cytotoxic T lymphocyte responses but also to direct inhibitory effects on tumor cell
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proliferation, survival, invasiveness, and angiogenic potential 14. In addition, IL-27 together with IL-12
(another undetectable marker in our samples) mediates the activation of both STAT1 and STAT3 and
also it can enhance CD4 + T cell proliferation, Th1 cell differentiation, and IFN-γ production 14. Moreover,
IFN-γ production was low in both normal and tumor tissue (Supplementary Table 1) and STAT1 and
STAT3 were downregulated in tumor versus normal tissue (Fig. 2n and 2o). Hence, IL-27 and his co-
enhancing partner IL-12 do not act in the stages were neoplastic tissue is well differentiated into a tumor,
as it is in the case of our cohort formed by patients with tumors beyond the IIA stage.

Both IFN-α and IFN-β, together with IL-28 have been reported to have potent antitumor activity and are
currently used in the clinical treatments of several malignancies 15. Our results show that IFN-α and IL-28
are poorly expressed and IFN-β is signi�cantly downregulated in tumors compare to controls (Fig. 1c).

Our results show that CD163 expression level in tumors is not statistically different from in the one in
control samples. It has been previously reported [4] that the CD163 expression levels were signi�cantly
lower on monocytes from CRC patients compared to healthy donors, suggesting that colorectal tumors
in�uence the monocytes phenotype. The mechanism behind the phenotypic regulation of monocytes and
other circulating innate immune cells, such as natural killer and natural killer T cells, are not fully
understood, but immunosuppressive cytokines are thought to play a major role, along with the hypoxic
conditions generated in the tumor microenvironment 16.

Finally, we emphasize the low IL-2 levels in our samples. The antitumor effect of high-dose IL2 therapy
was demonstrated more than three decades ago 17. Now, IL2 is used in cancer immunotherapy for the
expansion of immune cells such as NK cells, T-cells, NKT-cells, cytokine-induced killer cells and is also
used as an adjuvant in the treatment of patients with melanoma, advanced colorectal cancer or ovarian
cancer with autologous dendritic cells stimulated by autologous tumor lysate 6. The e�cacy of these
therapies is easy to understand as the suppressed IL-2 levels are a barrier in cellular immune response.

CHI3L1-related pathways
CHI3L1 has been proposed as both a biomarker and potential therapeutic target in gastric and colorectal
cancer, being overexpressed in both serum and tumor tissue 18–21 being involved in promoting cancer cell
proliferation, invasion and metastasis22. As shown in Fig. 2a, the protein expression levels in cancer
tissues were signi�cantly higher than in adjacent normal tissues of the same patients (p < 0.001). Our
results are in accordance with the CHI3L1 plasma levels observed in CCR patients vs. control and mRNA
expression levels detected by Kawada et al. in colorectal cancer tissue versus normal tissues 18. In
addition, their results revealed that a strong CHI3L1 expression was signi�cantly correlated with T stage,
lymphatic invasion, vascular invasion and lymph node metastasis and the in vitro studies on SW480 cells
indicate that CHI3L1 overexpression induces IL-8 secretion and up-regulation of Erk and JNK pathway 18.
In our cohort, immunoblot analysis of pErk1/2 (Fig. 1j) revealed that this pathway is active, the pErk1/2
levels were signi�cantly increased in tumor tissue compared to control (p < 0.001). Moreover, the MMP-2
and IL-8 levels (Fig. 1g and Fig. 2c) were signi�cantly higher in tumor tissue vs. control (p < 0.001). Our
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results showed a signi�cant Pearson correlation coe�cient between CHI3L1 and pERk (0.43) on the one
hand and on the other hand between CHI3L1 and MMP2 (0.503) (Figs. 3 and 4). Also, a strong Pearson
correlation coe�cient (0.59) was found between CHI3L1 and IL8 (Figs. 3 and 4). The CHI3L1 - Erk
correlation is in agreement with the previously proposed mechanisms involved in tumor biology. Thus,
CHI3L1 binding to CD44v3 induced the activation of Erk, Akt, and β-catenin signaling pathway enhancing
cancer metastasis 23. In cell lines, CHI3L1 stimulation results in the phosphorylation of Erk1/2 24 and a
recombinant CHI3L1 was reported to signi�cantly enhance the proliferation of SW480 cells, through the
activation of MAPK/Erk signaling pathway 25. Overall, CHI3L1-induced MMP2 overexpressionplays a
crucial role in ECM regulation promoting cancer cell growth, proliferation, invasion, and metastasis 25.
The CHI3L1, MMP2, and IL8 form a triad (Fig. 4) based on the correlation matrix (Fig. 3), which seems to
play a central role in tumor local and distal development.

Another important triad correlation (Fig. 4) revealed the link between the upregulation of pErk (Fig. 1a)
and CHI3L1 (Fig. 2a) and the downregulation of OCLN (Fig. 2m). The possible involvement of the Ras-
Raf-MEK-ERK signaling module in regulating OCLN expression was examined in Pa-4 cells transiently
transfected with either an oncogenic K-RAS, an active mutant of Raf-1, Raf BXB or with constitutively
active MEK1, pFC-MEK1. In all three transfected cell, northern blots revealed the decreases OCLN mRNA
levels. In addition, downregulation of OCLN expression induced by pFC-MEK1 was blocked by PD98059, a
selective inhibitor of Erk activation. Furthermore in A549 cell model, with a high Ras-Raf signaling activity
due to an oncogenic K-ras mutation, an upregulation of OCLN was demonstrated by transfecting a
dominant negative Raf-1 construct or by treating the cells with PD98059 26. These results are in
agreement with our study showing that elevated pErk levels are inversely correlated with OCLN protein
expression (Pearson correlation − 0.54; p < 0.01), reinforcing that the decrease in OCLN is due to the
activation of the Erk signaling pathway. Moreover, 45% of patients were diagnosed with K-RAS mutation
(data not shown). In addition, a Pearson correlation coe�cient (-0.49) was determined between CHI3L1
and OCLN (Fig. 3).

IL-8 an important cross-link point in cytokines constellation
We emphasize the fact that in our tumor samples IL-8 cytokine had the highest levels vs. controls (4 fold
increase, Fig. 2c, Supplementary Table 1). Our study showed that this highly expressed biomarker is a
member of a highlighted correlation triad formed by IL-8, IL-β1 and MMP-2 with Pearson correlation
coe�cients of 0.56, 0.48 and 0.88 respectively (Figs. 3 and 4). In agreement with the IL-8 and MPP2
positive correlation revealed by our data, Pengjun et al. (2013) showed that compared with the healthy
controls, the colorectal adenoma patients exhibited a concomitant increase of IL-8 and MMP-2 27.
Consecutively, the importance of MMP-2 was demonstrated by Groblewska et al. (2014) who showed that
positive tissue expression of MMP-2 was a signi�cant prognostic factor for CRC patients survival being
involved in the invasion and metastasis of CRC 28.
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An important implication in EMT was also revealed by IL-22 in relation with IL-1β 29, which was shown to
be critically involved in CRC cell metastasis30 We showed an important correlation between IL-8, IL-1β,
MMP-2 and IL-22 (Fig. 3 and Fig. 4). IL-22 has tumor-promoting properties, enhances tumor-cell
proliferation, protects against apoptosis, and mediates the attraction of immunosuppressive immune
cells and the release of other pro- and anti-in�ammatory cytokines 31. In addition, cancer cells induce IL-
22 production by memory CD4 + T cells via IL-1β in order to promote tumor growth 32.

A study of the immune condition of CRC patients 1 has suggested a direct relation between IL-8 and
CA19-9 on one hand and IL-8 and CEA on the other hand. Our study suggests that such relation might
develop through intermediary correlations such as IL8 – IL22 – CA19-9 and IL8 – IL1 β – CEA,
respectively (see Fig. 4).

As discussed above, β-catenin pathway activation through IL-8 induces EMT and the increases of MMP-2
expression and activity 33. We found a downregulation of IFN-β in tumor tissue compared to control
(Fig. 1c) and a negative Pearson correlation with MMP-2 (-0.501). Moreover, in CRC it was demonstrated
that β-catenin could inhibit the expression of IFN-β and interferon-stimulated gene 56 (ISG56) by
interacting with the central transcription factor, interferon-regulatory factor 3 and blocking its nuclear
translocation, responsible for the induction of IFN‐β and being hence essential for the activation of
interferon responses 34. This result might be relevant for immunotherapy development because it has
recently been shown that IFN-β can sensitize CRC cells to 5-�uorouracyl treatment with a potent effect on
the reduction of tumor mass, suggesting a novel strategy to selectively target CRC 35.

APRIL, BAFF, IL-8 and MMP-2 cluster as potential
therapeutic targets
Only scarce data exist about APRIL and BAFF roles in CRC tumor biology. The breast cancer is one of the
few solid tumors described by a differential role of BAFF and APRIL, produced in important quantities
either by stromal cells or in�ltrating neutrophils 36. BAFF is constantly present in both normal and tumor
tissue, while APRIL is preferentially expressed by the non-cancerous breast epithelial tissue, while its
expression was shown to be decreased in breast tumor cells. In addition, APRIL expression was inversely
correlated with the tumor stage of breast cancers 36,37.

Recently the possible role of APRIL–BAFF and of their receptors in solid tumors has been studied by
using Oncomine resources to investigate The Cancer Genome Atlas (TCGA) in order to compare tumor vs.
normal mRNA expression in the whole spectrum of the samples' collection [35]. All the tumor samples
analyzed exhibited APRIL and BAFF expression, together with those of their receptors. APRIL and BRAF
were usually downregulated in tumors as compared to normal control. CRC was the only exception from
this rule: BRAF is upregulated in tumor samples as compared to their non- counterparts 37. In that study
data from over 881 CRC tissue samples were analysed and their reports are in correlation with our results
that found one of the strongest negative Pearson correlation between APRIL and BAFF (− 0.740).
Additionally, our results also showed strong p < 0.001 correlation between BAFF and IL8 (0.820,
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Spearman), APRIL and BAFF (-0.740, Pearson), APRIL and IL8 (− 0.696, Pearson), APRIL and MMP2
(-0.761, Pearson), MMP2 and IL8 (0.884, Pearson).

The STAT 1 and STAT3 downregulation plays a role in tumor
growth
The STAT1 and STAT3 transcription factors have been identi�ed as major players in tumor genesis and
they are being considered promising target proteins for cancer therapy. They are thought to play opposite
roles, namely, STAT1 is involved in activating immunosurveillence and it is considered a tumor
suppressor 38, while STAT 3 is considered an oncogene, and its persistent signaling contributes to
stimulate cell proliferation and prevent apoptosis2. STAT1 inhibition was reported in diverse tumor types,
along with overexpressed STAT339. However, the role of STAT3 in CRC development remains
controversial, as there are reports either elevated tumor promoting STAT3 activity but also STAT3-related
tumor inhibitory 40. Interestingly, more recently, concomitant absence of STAT1 and STAT3 was reported
in CRC tumor tissue, which was found to be signi�cantly correlated with shorter overall survival of CRC
patients 40. In vitro experiments on various colon cancer cell lines revealed that STAT3 activity is
subjected to particular changes in the in�ammatory tumor microenvironment 41, most notably IL6 high
levels stimulate STAT3.

In vitro functional studies revealed that IL6 utilizes the GP130/IL6 hexameric signaling complex, which
includes IL6Rα 42, a receptor chain component which is typically upregulated in cancer cell lines. Here we
report, both diminished levels of STAT1 and STAT3 in CRC as compared to non-transformed colon tissue,
but also reduced IL6Rα, which may contribute to explain this phenomenon. Interestingly, recent
developments of therapeutic approaches are considering the pharmacological blockage of STAT3
signaling 42, however, given our �ndings of already reduced STAT1 and 3 in CRC tumors and also the
association of low STAT1 concomitant with STAT3 with reduced survival of CRC patients 40, great
caution should be considered when designing such therapies.

Finally, in the series of down regulated biomarkers related to STAT1 and STAT3, we mention TWEAK. In
CRC patients, increased tumor levels of TWEAK were found to be associated with statistically
signi�cantly higher overall survival 43. In vitro invasion assays revealed TWEAK displays an inverse
relation with tumor invasive ability. Our study reveals signi�cantly reduced TWEAK in tumor samples,
which is negatively correlated in tumor tissues with MMP1 and MMP3 (Fig. 3 and Fig. 4).

This study is a systematic investigation of a wide range of in�ammatory factors involved in colon cancer
related signaling pathways. We report the existence of a panel of underexpressed markers (namely IL-2,
IL-10, IL-11, IL-12 (p40), IL-12 (p70), IL-19, IL-27 (p28), IL-28A / IFN-λ2, IL-29/IFN-λ1, IFN-α2) in CRC
patients, which should be further studied to reveal their role in establishing a pro-tumoral in�ammatory
conditions. Our results bring into focus an often overlooked association of markers which might be
speci�c to colon cancer tumors, namely diminished APRIL levels and high BAFF, as opposed to other
tumor types which display both APRIL and BRAF downregulated levels. Together with IL-8 and MMP2,
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these two markers show strong correlation. This biomarker panel supports a possible combined target
immunotherapy approach in colon cancer treatment.

Methods

Study design
This study was performed in accordance with the Declaration of Helsinki 1975, amended in 2013. All
protocols and methods carried out were review and approved by the Medical Ethics Committee of Elias
University Emergency Hospital in Bucharest (no: 5939 / 2019). Prior to being included in the study, written
informed consents have been signed by all participant patients.

Our patient cohort included 28 patients who underwent surgery in order to remove colorectal tumors at
Elias University Emergency Hospital between January 2019 and May 2020. However, 6 of these patients
have tested positive for SARS-CoV2, the day after surgery. Since at biological level, the in�ammatory
pro�le of these patients might have been in�uenced by this viral infection known to trigger the so-called
„cytokine storm”44 these 6 patients have been excluded from the study. The remaining N = 22 patients
have been included in the study and submitted to the study protocol described below.

In Table 1 we present the demographic and clinical data of our study cohort. The cohort is formed 54.5%
(12) male and 45.5 (10) female subjects. Body Mass Index (BMI) of the whole cohort has been
categorized according to the World Health Organization classi�cation of obesity 45. Although both
obesity and CRC incidence rates are increasing, it is yet unclear what relationship, if any, exists between
BMI, cancer recurrence and patient survival46. We have de�ned the following categories of tumor
localization according to the colorectal anatomic segments: proximal region and distal region.
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Table 1
Clinical, demographic and staging data of the study cohort.

Variable Mean Median SD. Min. Max.

Age (years) 66.14 64.50 9.285 50 81

Female 64.90 64.00 8.412 50 81

Male 67.17 66.50 10.205 52 81

BMI (kg/m2) 27.19 26.57 4.426 20 41

Female 28.36 27.08 5.644 20 41

Male 26.22 26.40 3.011 22 32

Variable Category Value %

Gender Female 10 45.5

Male 12 54.5

BMI (kg/m2) Underweight (< 18.5) 0 0

Normal range (18.5 to 24.9) 8 36.4

Overweight (≥ 25) 14 73.6

Pre-obese (25.0 to 29.9) 10 45.4

Obese class 1 (30.0 to 34.9) 3 13.7

Obese class 2 (30.0 to 34.9) 0 0

Obese class 3 (≥ 40) 1 4.5

Smoking habits Smokers 5 22.7

Female 1 4.5

Male 4 18.2

Non-Smokers 17 77.3

Female 11 50.0

Male 6 27.3

Arterial Hypertension Optimal (TAs < 120 and TAd < 80) 2 9.2

Normal (TAs = 120–129 and/or TAd = 80–84) 14 63.6

High Normal (TAs = 130–139 and/or TAd = 85–89) 5 22.7

Grade 1 (TAs = 140–149 and/or TAd = 90–99) 1 4.5
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Variable Mean Median SD. Min. Max.

Staging I 2 9.1

  IIA 6 27.3

  IIB 2 9.1

  IIIB 3 13.6

  IIIC 3 13.6

  IVA 6 27.3

Within this de�nition 40.9% of patients (9) were subjected to surgery concerning tumors situated in the
distal region and 59.1% of patients (13) were subjected to surgery concerning tumors situated in the
proximal region.

Prior to the surgery the patients have been submitted to standard arterial tension measurements. The
mean valued allowed the classi�cation of these patients according to the European Society of Cardiology
(ESC) and to the European Society for Hypertension (ESH) criteria 47 in optimal, normal, high normal
blood pressure (BP) and grade 1–3 hypertension. Table 1 shows that most of the patients 72.7% (16) had
optimal or normal BP while 27.2% (6) of them were in the early stages of arterial hypertension (high
normal BP and grade 1 stages).

The cancer staging in Table 1 has been established using the ypTNM classi�cation of tumors from
histopatological samples by AJCC classi�cation criteria grid 48.

Tissue samples and lysates preparation
This study utilized tumor and paired normal tissue samples available from 22 of the patients who
underwent surgery in order to remove colorectal tumors. Tumor tissue and adjacent normal mucosa from
each patient were excised and immediately frozen at − 80 °C until analysis. Frozen tumor and paired
normal tissue (100 mg) were thawed and homogenized in ice cold cell lysis buffer (provided by Bio-Plex
Pro cell signaling kit, Bio-Rad Laboratories, Hercules, CA, USA) containing a protease inhibitor cocktail
using ceramic beads and TeSeE PRECESS 24 Homogenizer (Bio-Rad Laboratories, Hercules, CA, USA)
according to the manufacturer's instructions. The lysate was placed on ice for 10 min and then
centrifuged at 14,000 × g for 10 min. The protein content of the supernatant was determined for each
sample using the Pierce Rapid Gold BCA Protein Assay Kit (Thermo Fisher Scienti�c, MA, USA). Finally,
the supernatant was aliquoted and frozen at − 80 ºC, for subsequent biochemical and immunochemical
analyses.

Biomarkers quantization

In�ammatory cytokines and MMPs
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Supernatant samples with a total protein concentration of 900 µg/mL were used for the detection of
APRIL / TNFSF13, BAFF / TNFSF13B, sCD30 / TNFRSF8, sCD163, CHI3L1, gp130 / sIL-6Rβ, IFN-α2, IFN-β,
IFN-γ, IL-2, sIL-6Rα, IL-8, IL-10, IL-11, IL-12 (p40), IL-12 (p70), IL-19, IL-20, IL-22, IL-26, IL-27 (p28), IL-28A /
IFN-λ2, IL-29/IFN-λ1, IL-32, IL-34, IL-35, LIGHT / TNFSF14, MMP-1, MMP-2, MMP-3, Osteocalcin,
Osteopontin, Pentraxin-3, sTNF-R1, sTNF-R2, TSLP and TWEAK / TNFSF12 biomarkers using the Bio-Plex
Pro Human In�ammation 37-plex Panel1 (Bio-Rad Laboratories, Hercules, CA, USA). The IL-1β and IL-1Ra
was quanti�ed separately using the Bio-Plex Pro Human Cytokine Standard 27-plex, Group I, magnetic
beads and detection antibodies for human IL-1β and IL-1Ra (Bio-Rad Laboratories, Hercules, CA, USA).
The biomarker levels were analyzed according to manufacturer’s instructions, using the Bio-Plex MAGPIX
System and Bio-Plex Manager software version 6.0 (Bio-Rad Laboratories, Hercules, CA, USA) as
previously described49,50.

ELISA assay for CEA and CA19-9
CEA and CA19-9 levels from tissue lysates were quanti�ed by using CanAg CEA EIA kit (Fujirebio
Diagnostics AB, Sweden) and CanAg CA19-9 EIA 120 − 10 (Fujirebio Diagnostics AB, Sweden), according
to the manufacturer’s protocol. The protein concentration of the tissue lysate for CEA assay was
1.5 mg/mL and for CA19-9 assay was 75 µg/mL.

Western Blot assays
For target protein expression evaluation, protein tissue lysates were resolved on Protean TGX Stain Free
4%–20% precast gels (Bio-Rad Laboratories, Hercules, CA, USA), transferred onto 2 µm nitrocellulose
membrane (V3 Western Work�ow, Bio-Rad Laboratories, Hercules, CA, USA) and total protein transferred
signal was detected and quanti�ed using the ChemiDoc MP System and Image Lab software (version
5.2.1, Bio-Rad Laboratories, Hercules, CA, USA). The membranes were blocked using EveryBlot Blocking
Buffer for 5 min at room temperature. Mouse anti-human ERK/MAPK (pThr202/pTyr204) monoclonal
antibody (MCA5990GA, 1:1000 dilution factor), mouse anti-human OCLN monoclonal antibody
(MCA3308Z, 1:250 dilution factor), mouse anti-human STAT1 monoclonal antibody (MCA3469Z, 1:350
dilution factor) and goat anti-human STAT3 polyclonal antibody (AHP1076, 1:500 dilution factor), were
used. HRP conjugated secondary antibodies (STAR 120 and STAR 122 at 1:500 and 1:15.000 dilution
factor respectively, Bio-Rad antibodies, Hercules, CA, USA) were used. For immunostaining of the
membranes, they were incubated with the primary antibodies for 2 h and with the secondary antibodies
for 1 h at room temperature, under constant homogenization. Blots were revealed using the Clarity
Western ECL Substrate (Bio-Rad Laboratories, Hercules, CA, USA) and the chemiluminescence signal was
detected using the ChemiDoc MP System. The target proteins expression was quanti�ed using the Image
Lab software version 5.2.1 (Bio-Rad Laboratories, Hercules, CA, USA), and normalized to the total proteins
transferred onto the membrane (each protein band was normalized against the total proteins transferred
in the corresponding lane)51.

Cellular carbonylated protein detection was performed using the OxiSelect Protein Carbonyl Immunoblot
Kit (Cell Biolabs, San Diego, CA, USA) with a post-transfer derivatization step of protein-bound carbonyl



Page 13/26

groups by treatment with a solution of dinitrophenylhydrazine (DNPH). The formed adducts were
recognized by a primary rabbit anti-DNPH (diluted 1:1000), and HRP conjugated secondary antibody anti-
rabbit IgG (diluted 1:1000) as previously described 49.

Statistical analysis

Preliminary data validation
The biomarkers levels were analysis with Bio-Plex Manager software version 6.0 (Bio-Rad Laboratories,
Hercules, CA, USA). The coe�cient of variation (COV), percentage recovery and normality distribution of
data have been checked before proceeding to the statistical analysis. Data distribution for sample
replicates has been assessed using the COV for assay whose limits are 15% (intra-assay precision) and
20% (inter-assay precision).

To ensure the data reliability quality controls have been run in parallel to the Bio-Plex sample assay.
These controls are in fact samples containing analytes in known concentration provided by the assay
manufacturer. Percentage recovery of 80–120% is considered acceptable to support accurate sample
interpretation.

Statistical Analysis Steps
After the validation of the COV and of the percentage step, statistical analysis has been performed as
follows: normality checks, log transformations for data normalization, comparisons control vs. tumor
samples and correlations. Data analysis has been performed using the IBM SPSS Statistics 26 statistical
analysis package.

Our �rst objective is to assess the statistically signi�cant differences for all markers in control vs. tumor
samples by applying the corresponding tests. The �rst step in choosing the comparison test is to check
the normality distribution of the raw concentration and densitometry data.

A Shapiro-Wilks test(p > 0.05) and a visual inspection of their histograms, normal Q-Q plots and box plots
have been used at this stage to check the normality distribution for each biomarker concentrations data
for both control and tumor sample. Within this Shapiro-Wilks test the null hypothesis is the normal
distribution of data. This hypothesis is rejected for p < 0.05 and it is accepted for p > 0.05.

Data sets failing the initial normality test i.e. for which p < 0.05, have been normalized through log
transformation i.e. y → log (y). The newly obtained data sets have been again submitted to the Shapiro-
Wilks normality test.

Our samples were paired-related samples being collected from the same patients according to the above
described protocol. The normally distributed data sets have been submitted to parametric means
comparison testing (t-Student tests, see Fig. 1) and the data sets which were not normalized post log
transformation have been submitted to non-parametric comparison testing (Wilcoxon, see Fig. 2). The
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biomarkers concentrations have been considered different if p < 0.05. The biomarkers failing the
comparison tests have been excluded.

For the purpose of correlation, a new set of variables have been de�ned as the ratio between the
biomarker level in tumor and that in control. The levels ratios normal distribution has been checked by
Shapiro-Wilks testing. The ratios failing the �rst stage normality testing have been log-transformed and
the Shapiro-Wilks test has been applied again.

Log-transformed variables and ratios that are normally distributed have been included in Pearson
correlation matrices, while the remaining variables and the ratios which were not normally distributed
have been included in Spearman correlation matrices. Since all the untransformed variables and ratios
were not normally distributed the Spearman correlation coe�cients have been also calculated for both
tumor related data and ratios.

The correlation coe�cients represent a measure of a monotonic relation between the paired data. The
nearer this coe�cient is to ± 1 the stronger the monotonic relationship is. If the correlation is signi�cant at
a 0.01 level (2-tailed) the coe�cient value is marked by two stars (**) and if this correlation is signi�cant
at a 0.05 level the coe�cient value is marked by a star (*).

All the correlation matrices between untransformed tumor related data, log-transformed normally
distributed variables, log transformed normally distributed ratios and the untransformed ratios have been
combined into a combined multi-type variables correlation matrix (see Fig. 3). The correlation coe�cients
have been colored speci�cally to identify their origin and a hierarchy has been established according to
the following criteria (1) Pearson correlations were considered stronger than Spearman correlations, (2)
0.01 (2 tailed) coe�cients are more stronger than the 0.05 (2 tailed) coe�cients and (3) ratios related
correlations were considered stronger than untransformed simple variable correlations.
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Figure 1

Boxplots of biomarkers whose log-transformed values in control and in tumor were normally distributed.
a) APRIL; b) BAFF; c) IFN β; d) IL1β; e) IL26; f) IL1RA; g) MMP2; h) TWEAK; i) CA19-9; j) p-Erk1/2, also
showing a cropped insert containing a representative immunoblot example. The original immunoblot
image is available in Supplementary Figure S1; p-values resulting from mean comparison of control and
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tumor means of log-transformed concentration values through t-Student test are written above each
boxplot pair.

Figure 1

Boxplots of biomarkers whose log-transformed values in control and in tumor were normally distributed.
a) APRIL; b) BAFF; c) IFN β; d) IL1β; e) IL26; f) IL1RA; g) MMP2; h) TWEAK; i) CA19-9; j) p-Erk1/2, also
showing a cropped insert containing a representative immunoblot example. The original immunoblot
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image is available in Supplementary Figure S1; p-values resulting from mean comparison of control and
tumor means of log-transformed concentration values through t-Student test are written above each
boxplot pair.

Figure 2

Boxplots of biomarkers whose log-transformed values in control and in tumor are not normally
distributed. a) CHI3L1; b) IFN γ; c) IL8; d) IL22; e) IL35; f) Light TNF; g) MMP1; h) MMP3; i) sIL6Rα; j)
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sTNFR1; k) sTNFR2; l) CEA; m) OCLN, also showing a cropped insert containing a representative
immunoblot example (the original immunoblot image is available in Supplementary Figure S2); n) STAT1,
also showing a cropped insert containing a representative immunoblot example (the original immunoblot
image is available in Supplementary Figure S3); o) STAT3, also showing a cropped insert containing a
representative immunoblot example. The original immunoblot image is available in Supplementary
Figure S4; p-values resulting from mean comparison of control and tumor means of log-transformed
concentration values through the Wilcoxon test are written above each boxplot pair.
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Figure 2

Boxplots of biomarkers whose log-transformed values in control and in tumor are not normally
distributed. a) CHI3L1; b) IFN γ; c) IL8; d) IL22; e) IL35; f) Light TNF; g) MMP1; h) MMP3; i) sIL6Rα; j)
sTNFR1; k) sTNFR2; l) CEA; m) OCLN, also showing a cropped insert containing a representative
immunoblot example (the original immunoblot image is available in Supplementary Figure S2); n) STAT1,
also showing a cropped insert containing a representative immunoblot example (the original immunoblot
image is available in Supplementary Figure S3); o) STAT3, also showing a cropped insert containing a
representative immunoblot example. The original immunoblot image is available in Supplementary
Figure S4; p-values resulting from mean comparison of control and tumor means of log-transformed
concentration values through the Wilcoxon test are written above each boxplot pair.

Figure 3

Combined multi-type variables correlation matrix containing the highest values of the correlation
coe�cients. The combinations between the two levels of signi�cance (0.01 and 0.05) and the calculation
methods (Pearson or Spearman) is color-coded, as showed by the legend in the upper-right of the matrix.
See Supplementary Figure S5 for protein carbonyl immunoblot examples.
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Figure 3

Combined multi-type variables correlation matrix containing the highest values of the correlation
coe�cients. The combinations between the two levels of signi�cance (0.01 and 0.05) and the calculation
methods (Pearson or Spearman) is color-coded, as showed by the legend in the upper-right of the matrix.
See Supplementary Figure S5 for protein carbonyl immunoblot examples.
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Figure 4

Statistically signi�cant correlated clusters of biomarkers connected according to their two by two
correlation signi�cance levels.
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Figure 4

Statistically signi�cant correlated clusters of biomarkers connected according to their two by two
correlation signi�cance levels.
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