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Abstract

BACKGROUND

Uncontrolled growth and loss of control over basic metabolic functions, leading to
invasive proliferation and metastases, are the salient traits of malignant tumors in
general and colorectal cancer in particular. Invasion and metastases hinder
effective tumor treatment. While surgical techniques and radiotherapy can be
used to remove tumor focus, only chemotherapy can eliminate dispersed
neoplastic cells. However, the efficacy of the latter method is limited in the
advanced stages of the disease. Therefore, recognition of the mechanisms
involved in neoplastic cell spreading is indispensable for developing effective
therapies.

AIM
To use a number of biomarkers involved in cancer progression and identify a
panel that could be used for effective early diagnosis.

METHODS

We recruited 185 patients with colorectal adenocarcinoma (98 men, 87 women
with median age 63). Thirty-five healthy controls were sex and age-matched.
Dukes’ staging was as follows: A =22, B =52, C =72, D = 39. We analyzed
patients' blood serum before surgery. We determined: (1) Cathepsin B (CB) with
Barrett's method (fluorogenic substrate); (2) Leukocytic elastase (LE) in a complex
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with alpha 1 trypsin inhibitor (AAT) using the immunoenzymatic MERCK test;
(3) Total sialic acid (TSA) with the colorimetric periodate-resorcinol method; (4)
Lipid-bound sialic acid (LASA) with the colorimetric Taut's method; and (5) The
antitrypsin activity (ATA) employing the colorimetric test.

RESULTS

In patients, the values of the five biochemical parameters were as follows: CB =
16.1+8.8 mU/L, LE = 875 + 598 ng/L, TSA =99 + 31 mg%, LASA = 0.68 + 0.33
mg%, and ATA = 3211 + 1504 U/mL. Except for LASA, they were significantly
greater than those of controls: CB =11.4 + 6.5 mU/L, LE = 379 £ 187 ng/L, TSA =
71.4 £15.1 mg%, LASA = 0.69 + 0.28 mg%, and ATA = 2016 + 690 U/mL. For CB
and LASA, the differences between the four Dukes’ stages and controls were not
statistically significant. The inter-stage differences for CB and LASA were also
absent. The receiver operating characteristic (ROC) analysis revealed the potential
diagnostic value of CB, TSA, and ATA. The area under ROC, sensitivity, and
specificity for these three parameters were: 0.85, 72%, 90%; 0.75, 66%, 77%; and
0.77, 63%, 84%, respectively. The sensitivity and specificity for the three-
parameter panel CB-TSA-ATA were equal to 88.2% and 100%, respectively.

CONCLUSION

The increased value of CB, TSA, and ATA parameters are associated with tumor
biology, invasion, and metastasis of colorectal cancer. The presented evidence
suggests the potential value of the CB-TSA-ATA biochemical marker panel in
early diagnostics.

Key Words: Colorectal cancer; Cathepsin B; Acute phase reactants; Colorectal adenoca-
rcinoma; Acute phase factor

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We searched for biomarkers applicable to the early detection of colorectal
adenocarcinoma. Five parameters were determined in sera of patients and healthy
individuals: Cathepsin B activity, total sialic acids concentration, lipid-associated sialic
acids concentration, elastase concentration, and alpha 1 antitrypsin activity. We
performed receiver operating characteristic analysis for single and multiple parameters.
While the sensitivity and specificity were not very high for single parameters, the
combined analysis of cathepsin B, alpha 1 antitrypsin, and total sialic acids concen-
tration yielded 88% sensitivity and 100% specificity. We believe that this set of
markers can be useful in clinical practice.

Citation: Sebzda T, Gnus J, Dziadkowiec B, Latka M, Gburek J. Diagnostic usefulness of
selected proteases and acute phase factors in patients with colorectal adenocarcinoma. World J
Gastroenterol 2021; 27(39): 6673-6688

URL: https://www.wjgnet.com/1007-9327/full/v27/i39/6673.htm

DOI: https://dx.doi.org/10.3748/wjg.v27.i39.6673

INTRODUCTION

The process of neoplastic invasion consists of two main stages: Penetration of tissues
surrounding cancer and creation of metastases in places distant from the original
location. During migration, cancer-transformed cells encounter anatomical barriers:
The basement membrane and connective tissue. Cathepsins play an important role in
the process of overcoming them.

Under normal conditions, cathepsins do not occur extracellularly or appear outside
the cell only in small quantities. Their main function is to participate in processes
related to the "turn-over" of endogenous proteins and degradation of exogenous
proteins absorbed in the process of endocytosis[1-4]. In smaller concentrations, e.g., in
extralysosomal spaces, the enzymes can catalyze — by means of limited proteolysis —
posttranslational processes of conversion of many peptides and proteins, including
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growth factors and hormones such as albumins, insulins, endorphins, and enkephalins
[5,6]. The release of cathepsins from cancer cells and their expression in the plasma
membrane of cancer cells facilitates the dissolution of the basement membrane and
participation in the proteolytic metastatic cascade. In clinical practice, a significant
increase in the activity of cathepsin B (CB) is observed in the serum of patients with
malignant tumors. This phenomenon occurs regardless of the location of the tumor
and is closely related to the severity of ovarian, cervical, breast, laryngeal and
colorectal cancer. It was also found that the activation of CB, which takes place with
the participation of elastase coming from the neutrophil intumescence and tumor
tissue, has an impact on its invasiveness and metastatic capacity. Studies have also
confirmed that an increase in cathepsin expression in colorectal tumor tissue
homogenates may be a sensitive marker for cancer progression[7-16].

Leukocytic elastase (LE) belongs to the group of serine proteases. It is located
mainly in the azurophilic granules of neutrophils, where it is an active component of
the phagocytic system along with other hydrolyses and reactive oxygen species. The
enzyme is also cytochemically detected in the nuclear membrane, the Golgi complex,
endoplasmic reticulum, and mitochondria[17,18]. It also participates in remodeling
and tissue repair processes and modulates the activity of cytokines and their receptors
(e.g., mitogen-activated protein kinase 3). It can degrade elements of connective tissue
by hydrolysis of elastin, various types of collagen, and other extracellular matrix
proteins such as fibronectin, laminin, or proteoglycans. The physiological regulation of
the activity and prevention of potentially destructive effects of elastase in pathological
states is caused by protein inhibitors present in the blood serum. They include alfa 1
trypsin inhibitor (AAT), alpha 2-macroglobulin (alpha-2-MG), a secretory leukocytic
protease inhibitor (SLPI), and elaphin[19-21]. In a healthy organism, LE remains in
balance with them, and after the secretion from the cells, it is directly bound by
inhibitors. The inhibitor molecules are thermally very stable and do not undergo
proteolysis. Increased levels of LE in blood plasma, most often determined as LE-AAT
complexes, have been found in many associated inflammatory conditions and are
therefore considered acute-phase factors. Many authors regard the concentration of the
above complexes to be a measure of the activity of the inflammatory process itself and
be a marker of stimulation of neutrophils in the inflammatory focus. Lowering the
level of AAT, caused by genetic or environmental factors, enables uncontrolled
elastase activity and leads to many serious pathological conditions. This is caused by
the enzyme-inhibitor imbalance and overexpression of the enzyme or a decrease in
inhibitor concentration.

Sialic acid (N-acetyloneuraminic acid, NANA) is an organic compound from the
sugar group, a derivative of neuraminic acid. It is a sugar component of glycoproteins
and glycolipids. It occupies a terminal position in carbohydrate glycoprotein residues
and has an important function in cell physiology as well as in the metabolism and
maintenance of the proper concentration of glycoproteins in serum. It is also part of
the ligand for the selectin and lectin receptors on leukocytes, T lymphocytes, platelets,
and endothelium. It plays a key role in the immune response and hemostasis[22].

In the blood of patients suffering from metabolic disorders (e.g., diabetes mellitus,
atherosclerosis), a clear increase in the glycoprotein fraction is observed, while the
sialic acid content remains low. In the case of cancer, the level of glycoproteins that
contain normal or increased amounts of sialic acid increases in the blood. Increased
sialisation is associated with the development of a neoplastic tumor and malignant cell
metastasis. An increase in sialic acid concentration is observed in the case of malignant
melanoma, lung, larynx, breast, ovary, prostate, liver, or colorectal cancer. It has been
shown that the sialyltransferase activity in blood serum taken from people with cancer
is increased and reaches its highest concentration at advanced stages of cancer
development. The main areas of protein glycosylation include the endoplasmic
reticulum and Golgi apparatus[23]. During the transformation of normal cells into
cancer cells, there are significant differences in the biosynthesis of the sugar parts of
proteins and membrane lipids. These changes are primarily of a qualitative nature.
The external part of the plasma membrane of cancer cells has an increased number of
sialic acid molecules compared to normal cells. Glycoproteins rich in sialic acids are
more frequently found in case of metastatic cancer. The increased level of sialogly-
coproteins and sialoglycolipids in neoplasms is mainly due to increased disintegration
of cancer cells, increased synthesis and secretion of glycoconjugates (glycoproteins and
glycolipids) containing sialic acid[24-32].

Recently, many works have been published on the activity of proteolytic enzymes
and their inhibitors in blood serum. However, they do not solve all the problems
related to the diagnostic and prognostic usefulness of these parameters in neoplastic
diseases.
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In this study, a statistically consistent group of colorectal cancer patients was
collected: Women and men. The division of colorectal cancer into the colon and rectal
cancer, histopathological criteria (adenocarcinoma), a clinical division system based on
Dukes’ cancer staging were considered.

The study presented below has both basic and diagnostic-clinical nature. The results
of the study may be used in the future in the complementary diagnosis of colorectal
adenocarcinoma to determine the severity of the disease and in further monitoring of
patients under outpatient control and prognosis.

MATERIALS AND METHODS

Patients

One hundred and eighty-five patients were recruited from the Lower Silesian
Oncology Center and the Provincial Specialist Hospital in Wroclaw. The study
material presented in this paper was blood serum from patients with colorectal
adenocarcinoma. The patients' blood serum was examined before surgery.

The examined patients were evaluated in terms of their age, sex, location of
neoplastic lesions (colon, sigmoid colon, rectum), histopathological differentiation of
neoplastic cells (G), and their clinical stages were based on the Dukes’ classification.
The characteristics of the examined patients are summarized in Table 1.

Biochemical measurements

The following tests were performed in blood serum according to the methods given
below: (1) CB was determined with the use of fluorogenic substrate using the Barrett
method[33]; (2) LE in a complex with AAT was determined immunoenzymatically
using the MERCK test; (3) Total sialic acid (TSA) was determined colorimetrically
using the periodate-resorcinol method, according to Jourdian et al[34]; (4) Lipid-bound
sialic acid (LASA) was determined colorimetrically using Tautu ef al[35]; and (5) The
antitrypsin activity (ATA) in blood plasma (in the study referred to as antitrypsin
capacity — ATA) was determined colorimetrically against trypsin using the method
proposed by Warwas et al[36] and Dietz et al[37].

Statistical analysis

The examined continuous features were characterized by the distribution parameters
of these features, i.e., mean value (M), standard deviation (SD), and the number of
patients (). For the analysis of the statistical material, the following were used: For
continuous features — single-factor analysis of variance (ANOVA), using Tukey's post
hoc tests and multi-factor analysis of variance (MANOVA). The t-Student's ¢-test was
also used for dependent samples. For features deviating from the normal distribution,
which were also characterized by a median value, non-parametric tests were used: For
independent samples — the Mann-Whitney U test, and for dependent samples — the
Wilcoxon test. For categorized or dichotomous features, the y? test and the non-
parametric Kruskal-Wallis test were used. The relationship between these features was
also studied by determining the Spearman correlation coefficient. The receiver
operating characteristic (ROC) curve method was used to determine the threshold
values of clinical markers (continuous variables) with optimal precision. The
significance threshold P for all statistical tests was set to 0.05. The statistical analysis
was conducted using Statistica v. 10.

RESULTS

Table 2 presents the results of biochemical parameters examined, their M, SD, n,
including the group of colorectal cancer patients and the control group of healthy
individuals.

In the group of patients with colorectal cancer, differences were observed in the
values of examined biochemical parameters in blood serum compared to the control
group. Despite clear changes in the levels and activity of the studied factors, not in all
groups, these differences were statistically significant. Relevance was observed
between patient groups suffering from colorectal cancers and the control group for CB,
LE, TSA, and ATA.

Table 3 presents statistically significant differences between the examined groups of
patients according to Dukes’ classification and the control group. There were no
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Table 1 Characteristics of patients with colorectal cancer

Number of patients with colorectal cancer 185

Age, median (age range) 63 (18-86)

Sex, n (%)

Men 98 (55)

Women 87 (45)

Anatomical location, 1 (%)

Colon 77 (42)

Sigmoid colon 37 (20)

Rectum 71 (38)

Histological differentiation of cells, 1 (%)

Gl 8 (4)

G2 103 (56)

G3 74 (40)

Division of patients according to Dukes’ classification, 7 (%)

A 22 (12)

B 52 (28)

C 72 (39)

D 39 (21)

Number of patients in the control group 35

Age, median (age range) 61 (19-85)

Sex, n (%)

Men 19 (54)

Women 16 (46)
significant differences for CB and LASA (P > 0.05), while the differences for other
parameters were: LE (P < 0.001), TSA (P < 0.001), ATA (P < 0.01).

Table 4 presents a comparison of statistically significant differences between
individual parameters in the patient groups (A, B, C, D, according to Dukes’ classi-
fication) and control group. There were statistically significant differences for all
groups except for group A. Statistically significant differences between patient groups
were also being observed. For LE, the most statistically significant difference was
observed between groups C and D (P < 0.002). For TSA, the difference was most
strongly pronounced for A and D (P < 0.05). There were no stage differences for ATA.

In Table 5 the correlations between in main parameters are summarized. The values
of all the above-mentioned correlation coefficients were positive except for CB and
ATA and LASA and ATA. The highest correlations were observed between CB and
ATA; LE and TSA; TSA and ATA (P < 0.001).

No statistically significant differences in the examined parameters in respect to
histopathological differentiation of tumor cells (G1, G2, G3) were observed (data not
shown).

The examined biochemical factors in the blood serum were also examined using
ROC analysis. The analyses are summarized in Figure 1. The highest diagnostic value
was observed for a single value for CB in blood serum, with a threshold value of 11.22
mU/L. The sensitivity of the method was 72%, and its specificity was 90%. Then,
respectively: for TSA, with a threshold value of 75.34 mg% — 66% and 77%; for LASA
with a threshold value of 0.562mg% — 80% and 41%; for LE with a threshold value of
543 ng/L — 49% and 89% and ATA in blood serum with a threshold value of 2400
U/mL — 63% and 84%.

The analysis of the ROC curves of the two associated parameters has shown that the
connection between CB and TSA gives a sensitivity of 73% and a specificity of 100%,
with a value under the curve reaching 95%.
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Table 2 Characteristics of the tested biochemical parameters in blood serum in all patients and in the control group

No. Biochemical parameters tested  Groups ABCD K Significance level P value
1 CB, mU/L M 16.1 11.4 <0.050
n 185 35
SD 8.8 6.5
2 LE, ug/L M 875.1 379.1 <0.001
n 51 30
SD 597.9 187.3
3 TSA, mg% M 98.9 71.4 <0.001
n 71 31
SD 30.8 15.1
4 LASA, mg% M 0.68 0.69 NS
n 68 35
SD 033 0.28
5 ATA, U/mL M 3211.4 2015.9 <0.001
n 74 29
SD 1504.1 689.6

ABCD: All patients with colorectal adenocarcinoma; ATA: Antitrypsin activity; CB: Cathepsin B; K: Control group; LASA: Lipid-bound sialic acid; LE:

Leukocytic elastase; M: Mean value; NS: Not significant; TSA: Total sialic acid.

Jaishideng®

Combining three parameters for the ROC curve: CB, TSA, and ATA, in blood serum,
gives a sensitivity of 88% and a specificity of 100%, respectively, with a value of area
under the curve of 95%.

In conclusion, ROC analysis has a high diagnostic value and can be helpful,
especially in the combined analysis (biomarker panel determination).

DISCUSSION

The ability of the tumor to invade and metastasize is associated, among other
pathogenic issues, with an increase in the expression of cysteine peptides. The source
of these enzymes may be, in addition to the neoplastic tissue, neutrophils infiltrating
the tumor. It is believed that CB determination may be helpful in the diagnosis and
monitoring of colon and rectal cancer therapy[38-40].

In our study, the average CB activity determined in the blood serum of patients
with colorectal cancers using a synthetic Z-Arg-Arg-N-MC substrate was about 1.5
times higher than that of healthy individuals (P < 0.05). Statistically significant results
were obtained in the group of patients with different degrees of clinical advancement
(ABCD: P < 0.05) (Table 2 and Figure 1A). On the other hand, CB did not statistically
significantly differentiate patients according to Dukes’ staging of colorectal cancer (A,
B, C, D), although the average values in patients exceeded the average values in the
control group (Table 3). Among other parameters, CB correlated only with ATA (P <
0.001) (Table 5).

The activity of CB in serums of patients with colon and rectal cancers was also
studied by other authors. Dufek et al[41] observed a fivefold increase in this parameter.
It was found that the CB activity in patients with colon and rectal cancers was
significantly higher than in patients with polyps and in healthy individuals. This
difference may be due to the use of the other substrate (Z-Ala-Arg-Arg-N-MC), which
may also have been hydrolyzed by other proteases. These studies have also shown a
high level of alkali-stable form of CB. In people with mild lesions (polyps) and in
healthy people, the level of this form did not reach the threshold of determination.
After the effective treatment, CB levels decreased significantly and increased again in
case of metastases or resistant chemotherapy.
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Table 3 Characteristics of biochemical parameters in patients' blood serum in relation to the severity according to the Dukes’

classification

Biochemical parameters

Significance level P

No. tested Groups A B c D K value
1 CB, mU/L M 19.9 15.4 16.8 155 11.4 NS
n 22 52 72 39 35
SD 193 9.4 8.4 7.6 6.5
2 LE, ug/L M 386.1 929.9 602.1 1129.5 379.1 <0.001
n 5 16 15 15 30
SD 190.2 637.5 389.6 651.7 187.3
3 TSA, mg% M 67.8 100.8 929 107.2 714 <0.001
n 6 21 24 20 31
SD 7.4 393 25.1 263 15.1
4 LASA, mg% M 0.44 08 0.6 0.6 0.7 NS
n 6 21 24 21 37
SD 0.12 0.51 0.23 0.20 031
5 ATA, U/mL M 3100.0 2925.0 3152.1 3576.2 2015.9 <0.010
n 2 21 24 21 29
SD 4243 1294.5 1684.7 1548.8 689.6

Dukes’ classification system for colorectal cancer: A, B, C, D: All patients with colorectal adenocarcinoma; ATA: Antitrypsin activity; CB: Cathepsin B; K:

Control group; LASA: Lipid-bound sialic acid; LE: Leukocytic elastase; M: Mean value; NS: Not significant; TSA: Total sialic acid.
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Kos et al[40] also observed the fivefold increase in CB concentration using immune-
enzymatic method. The CB level correlated well with stage C and D of Dukes’ staging
system. As in our research, no correlation between CB and age or gender was
observed. However, it should be stressed that the antibodies used in this method
detected both the active and non-active precursor form of this enzyme and their
complexes with inhibitors, such as cystatins.

Similar studies on the proteolytic activity of blood serum with colon and rectal
cancer were performed by Amiguet ef al[42]. Similar to our research, the proteolytic
activities of CB and elastase, were determined. Patients in Dukes’ B and D stages were
examined. The activities of the examined proteases were increased in relation to the
control group of healthy individuals. In Dukes” stage D, the increase in CB levels was
directly proportional to the weight of the tumor. In metastatic carcinomas, the increase
in CB was accompanied by an increase in AAT concentration.

Padilla et al[43] showed, with the use of the immunoreactive method, that CB levels
in colorectal cancer patients were different from the control group.

Clinical and pathological evaluation of patients with the use of serum CB and
cathepsin D, based on the TNM system before and after the operation, was performed
by Skrzydlewska et al[44]. The CB activity before the cancer tumor resection was
significantly higher. However, in relation to the control group, both before and after
the procedure, the CB activity was approximately 8.4 times lower. The authors
concluded that the postoperative level of CB was associated with the involvement of
the surrounding lymph nodes and higher when not accompanied by lymph node
involvement. However, a relatively non-specific Z-Arg-pNA substrate was used to test
the CB activity, and thus the observations might have been biased by the activity of
other proteases.

Zore et al[45] examined CB levels in the complex with cystatin C using the ELISA
method. Their observations show that CB in the Dukes’ CD stage was significantly
lower than in the AB stage (P = 0.02). Our study did not observe any significant
differences between these groups (the results are not presented). The inhibitory
capacity of cystatin C does not compensate for the increase in CB levels in patients
suffering from colorectal cancers. This supports the hypothesis that inhibitory capacity
might have been impaired during colorectal cancer progression.
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Table 4 Statistical analysis of differences in the activity or concentration of examined parameters in serum of patients with

adenocarcinoma and the control group

Patients’ Groups

LE A B c D K

A NS NS NS NS NS

B NS NS P <0.05 NS P <0.001
C NS P <0.05 NS P <0.002 P <0.004
D NS NS P <0.002 NS P <0.001
K NS P <0.001 P <0.004 NS NS

TSA A B C D K

A NS NS NS NS NS

B NS NS NS NS P <0.001
C NS NS NS NS P <0.003
D P <0.05 NS NS NS P <0.001
K NS P <0.001 P <0.003 P <0.001 NS

ATA A B C D K

A NS NS NS NS NS

B NS NS NS NS P<0.02
(@ NS NS NS NS P <0.002
D NS NS NS NS P <0.001
K NS P <0.02 P <0.002 P <0.001 NS

Significance levels of differences in the expected values of the analyzed biochemical parameters in patients divided into colorectal cancer patients (Dukes’
stage A, B, C, D) and control group (K). The values of statistical significance — P were provided. A, B, C, D: All patients with colorectal adenocarcinoma;
ATA: Antitrypsin activity; K: Control group; LE: Leukocytic elastase; NS: Not significant; TSA: Total sialic acid.

Table 5 Statistical analysis of correlations between the biochemical parameters examined in blood serum in all patients

Studied parameters CB, mU/L LE, pg/L TSA, mg% LASA, mg% ATA, U/mL

CB, mU/L -0.24 (187), P < 0.001
LE, pg/L 0.37 (140), P<0.001 0.7 (141), P <0.05

TSA, mg% 0.37 (140), P < 0.001 0.19 (212), P < 0.01 0.33 (209), P < 0.001
LASA, mg% 0.17 (141), P <0.05 0.19 (212), P < 0.006 -0.14 (210), P < 0.05
ATA, U/mL -0.24 (187), P < 0.001 0.33 (209), P<0.001  -0.14 (210), P < 0.05

Values of linear correlation coefficients between concentrations or activities of the studied biochemical parameters (number of the examined). Description
of other parts as in Table 2. ATA: Antitrypsin activity; CB: Cathepsin B; LASA: Lipid-bound sialic acid; LE: Leukocytic elastase; TSA: Total sialic acid.

Cysteine proteases — CB and cathepsin L levels in blood serum in patients with
colorectal cancer were studied by Herszényi et al[46], who used the ELISA method for
this purpose. CB correlated with the progressive Dukes’ scale, reaching a 2.3 times
higher level in patients compared to the control group. Analysis of the ROC curve
confirmed the diagnostic importance of the examined factors, including CB. The
sensitivity and specificity in the ROC analysis of CB were similar to the results
obtained in our study (72 and 89% respectively vs 82 and 88%, and the areas under the
ROC curve 0.85 vs 0.87), thus confirming the high diagnostic value of the studied
parameter. Comparing CB with other biochemical parameters such as TSA and ATA in
the ROC analysis results in an even higher level of sensitivity and specificity. Also,
other researchers noticed that proteolytic enzymes are excellent indicators for
colorectal cancers, often better than the commonly used tumor markers[47].
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Figure 1 Diagram of receiver operating characteristic curve. A: For cathepsin B (CB). Threshold value of > 11.22 mUJL yielded sensitivity of 72.3% and
specificity of 90%. Area under the receiver operating characteristic curve = 0.85; B: For total sialic acid (TSA). Threshold value > 75.34 mg% yielded sensitivity of
65.8% and specificity of 76.9%. Area under the receiver operating characteristic curve = 0.75; C: For lipid-bound sialic acid (LASA). Threshold value > 0.739 mg%
yielded sensitivity of 79.7% and specificity of 40.6%. Area under the receiver operating characteristic curve = 0.56; D: For leukocytic elastase (LE). Threshold value >
543 pglL yielded sensitivity of 49.2% and specificity of 88.5%. Area under the receiver operating characteristic curve = 0.56; E: For antitrypsin activity (ATA).
Threshold value > 2400 U/mL yielded sensitivity of 63.2% and specificity of 84.0%. Area under the receiver operating characteristic curve = 0.77; F: For the combined
two biochemical parameters. Threshold value > 0.4757 yielded sensitivity of 73.4% and specificity of 100%. Area under the receiver operating characteristic curve =
0.91; G: The three parameters combined (X123): CB, TSA, and ATA. Threshold value > 1.3457 yielded sensitivity of 88.2% and specificity of 100%. Area under the

receiver operating characteristic curve = 0.95.
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The imbalance of protease/inhibitors ratio is particularly relevant for LE and AAT
involvement in the pathogenesis of cancer. The level of AAT, an acute-phase protein,
increases in cancer patients in response to the increased levels of proteolytic enzymes
released from leukocytes into circulation. In patients, despite an increase in their
levels, the functional activity of the inhibitor decreases, thus disturbing the LE/ AAT
balance. This imbalance is further exacerbated by the fact that membrane forms of
proteases, such as CB or elastase are more resistant to these inhibitors. Moreover, LE
has itself ability to degrade those inhibitors[48]. A disturbed balance between LE and
AAT may be associated with an increased risk of liver, cholecystitis, bladder,
lymphoma, or lung cancer[49-55]. Apart from AAT, other protein inhibitors present in
the blood serum are also responsible for the physiological regulation of LE: a2MG,
SLPI, or elaphin. SLPI, as it is clear from the work by Sugino et al[54], performed in
various types of cancer, including colorectal cancer, has a dual effect. On the one hand,
it suppresses the invasion of neoplastic cells, and on the other hand, it promotes
metastasis that transmits through blood circulation.

The inclusion of serum ATA and LE, as indicated by the results of our research, may
be a factor informing about the balance of serine proteases.

LE in all listed patient groups according to the Dukes’ classification: Combined
ABCD stages and A, B, C, D stages separately (Table 2 and Figure 1D), shows a clear
statistically significant difference when compared to the control group. Its activity
reached the highest values in groups B and D. It is possible that it is associated with
subsequent stages of cancer spread and the presence of metastatic foci rich in
granulocytic intumescence, increased elastase-induced adhesion of cancer cells to the
endothelium of vessels, or through mitogenic activity[56,57].

The different activity of serum elastase, in successive stages of the disease according
to the Dukes’ classification eliminates the possibility of using this parameter for early
diagnosis in colorectal cancers. In addition, serum elastase is characterized by
relatively low sensitivity in the ROC analysis (49%) (Figure 1D). On the other hand,
some authors have found it as a putative diagnostic biomarker and also a potential
therapeutic target[58].

AAT is a blood plasma protein belonging to o,-globulin fraction, one of the strongest
inhibitors of circulating serine proteases (serpins). It is also an acute-phase protein,
synthesized mainly in the liver but also by macrophages. AAT has the ability to
inactivate many proteolytic enzymes, but its most important effect is the inactivation
of LE released by neutrophils as a result of an inflammatory reaction.
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In our study, statistically significant (P < 0.001) elevated ATA levels were observed
in the cumulative group of patients, regardless of the Dukes’ classification stage
(ABCD) in relation to the control group. In the B, C, and D stages, in relation to the
control, these levels were highly statistically significant (P < 0.001; P < 0.004; P < 0.001).
Also, ATA differentiated very well patients with Dukes’ stages B against C and C
against D (P < 0.05 and P < 0.002, respectively). In our ROC analysis, with the cut-off
value > 2400 U/mL, the ATA value reached the sensitivity of 63% and specificity of
84%, respectively. The listed sensitivity and specificity parameters are lower than in
the ROC analysis for CB (72% and 90%, respectively).

There is little clinical work on the contribution of AAT to the diagnosis or
monitoring of the treatment of colorectal cancer[59-64]. Yiiceyar et al[65] and Gallardo-
Valverde et al[66] did not find relationship between the AAT and the severity of
colorectal cancer and showed a statistically significant correlation between AAT and
other biochemical factors such as acute-phase protein, carcinoembryonic antigen
(CEA), or tumor-associated trypsin inhibitor (TATI).

Bernacka et al[67] studied plasma levels of AAT in patients with gastrointestinal
cancers: Stomach and colorectal cancers of adenocarcinoma type. This marker did not
differentiate colorectal cancer patients in terms of local and metastatic lesions.
However, it had the highest level in stage C and differentiated patients in terms of the
histological degree of tumor stage (G). The author postulates that AAT levels are
associated with increased production by liver cells in response to the increased release
of lysosomal proteases of tumor cells or from mononuclear inflammatory tumor-infilt-
rating cells. It seems that tumor cells may be the third source of antiproteases.

Ward et al[68], using proteomic profiling, identified AAT as having the potential to
classify the colorectal patients with 95% sensitivity and 91% specificity.

Interesting conclusions were drawn from the work of Bujanda et al[64], who studied
a group of 42 colorectal cancer patients using combined AAT, matrix metallopro-
teinase 7 (MMP-7), urokinase-type plasmin activator receptor (uPAR), and cyclooxy-
genase-2 (COX-2). Compared to the control group, AAT levels were about 1.4 times
higher at stages B and C, and the AAT level was high and reached its value under the
ROC curve (0.88). The above results are similar to those obtained in our study. The
level under the ROC curve was 0.77. In patients in stages B and C, ATA levels were 1.5
and 1.6 times higher, respectively, than in the control group. AAT has a promising
diagnostic profile and, most importantly, at the early stages of colorectal cancer.

The neoplastic process is associated not only with the activation of the cascade
system of proteolytic enzymes, the activation of which mainly takes place with the
participation of CB and LE, but also induces the activation of acute-phase proteins.

The interest in the sialic acids (TSA, LASA) as markers useful in diagnosing and
monitoring the course of many diseases, including colorectal cancer, is reflected in the
publications briefly reviewed in[69-72]. Increased levels of sialic acid expression are
associated with changes in biosynthesis and posttranslational processes of acute-phase
proteins glycosylation in the liver. This phenomenon is associated with increased
expression of sialyltransferases by cancer cells[73]. The mechanism of increased TSA
levels in serum takes the following into account: (1) Spontaneous release of the
compounds from the surface of cancer cells; (2) Increase in concentration and/or
glycosylation of serum glycoproteins; and (3) Secondary inflammatory reaction
associated with the increase in acute-phase proteins[32,74]. Increased sialyltransferases
activities, observed in cancer cells, results in increased glycoprotein secretion as well
as the secretion of cell membrane components into the culture medium. The cancer cell
hypoxia may also contribute to the above[75]. Increased sialisation of glycosphin-
golipids leads to abnormal adhesion and a disturbed premembranous signal exchange
[75]. Determination of sialic acids is a laboratory marker of many pathological lesions.
A significant increase in serum levels of sialic acids was observed in many malignant
diseases[76]. Elevated levels of TSA or LASA were observed in malignant melanoma,
lung, breast, ovary, and laryngeal cancers[28,32,77], as well as in colorectal cancer[26,
31,70,78-82].

In our study, TSA in blood serum was elevated and statistically significantly
different from the control group. The above observation concerns the cumulative
group of patients (ABCD: P < 0.001) as well as individual groups (B, C, D in relation to
the control: P < 0.001; P < 0.003; P < 0.001 respectively). The lowest level among
patients was found in group A, and the highest in group D. The above clearly shows
differences between particular patient groups. TSA was only less effective than ATA.
The TSA level moderately but statistically significantly correlates with LE and ATA.
The results of the ROC analysis are interesting. With a cut-off value for TSA > 75.34
mg%, the sensitivity of the method was 66%, and its specificity was 77%. In ROC
analysis TSA clearly benefits when combined CB with the same cut-off values)
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sensitivity 74% and specificity 100%were obtained. The sensitivity further increases if
we also take the ATA into account, which is also studied by the authors and reflects
the AAT level. In the TSA test, the main component determined is the sialic acid
associated with proteins. The level of sialic acids increases in the sera of cancer patients
as a result of increased concentration of acute-phase proteins rather than gangliosides
from decaying cancer cells[65,74,75,83].

CONCLUSION

We have found a statistically significant increase in the CB activity in the blood serum
of the examined individuals suffering from colorectal cancers. The highest CB level
was observed in Dukes’ stage A patients, and in stages B, C and D, it was lower and
comparable to each other.

Concordantly, the following increased concentrations in blood serum of invest-
igated markers were observed: LE, TSA, and ATA. According to Dukes’ classification,
these values were statistically significantly increased with respect to the control group,
gradually rising from the A to D stage.

The ROC analysis showed the high diagnostic value of CB, TSA, ATA determin-
ations in blood serum, both in the single and combined analysis (biomarker panels)
with two biochemical parameters: CB and TSA, and with three parameters: CB, TSA,
and ATA. The above results suggest high diagnostic usefulness in determining these 2
or 3 combined parameters in relation to single determinations, obtaining sensitivity
and specificity of 88.2% and 100% for three parameters.

ARTICLE HIGHLIGHTS

Research background
Recognition of the mechanisms involved in neoplastic cell spreading is indispensable
for the early diagnosis and detection of colorectal cancer.

Research motivation

Colorectal cancer is the third most common type of cancer, making up about 10% of all
cases. In 2018, there were 1.09 million new cases and 551000 deaths from the disease.
Consequently, early diagnosis of colorectal cancer remains a significant medical and
economic problem.

Research objectives
Using several biomarkers involved in cancer progression, we have tried to identify a
panel that could be used for effective early diagnosis.

Research methods

Before surgery, we analyzed the blood serum of 185 patients with colorectal cancer
and determined: Cathepsin B (CB), leukocytic elastase (LE), total sialic acid (TSA),
lipid-bound sialic acid (LASA), and antitrypsin activity (ATA).

Research results
The receiver operating characteristic analysis revealed the potential diagnostic value of

CB, TSA, and ATA. The sensitivity and specificity for the three-parameter panel CB-
TSA-ATA were equal to 88.2% and 100%, respectively.

Research conclusions
The increased value of CB, TSA, and ATA parameters are associated with tumor
biology, invasion, and metastasis of colorectal cancer.

Research perspectives

The presented evidence suggests the potential diagnostic and prognostic value of the
CB-TSA-ATA biochemical marker panel.
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