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Simple Summary: Colorectal cancer (CRC) presents a significant global health challenge, necessi-
tating advancements in early detection and treatment strategies. This study aimed to identify the
serum biomarkers associated with worse survival outcomes in CRC patients, focusing on cathepsin B
(CB), leukocytic elastase (LE), total sialic acid (TSA), and others. A cohort of 185 CRC patients and
35 healthy controls underwent comprehensive testing, and statistical analyses were employed to
identify significant correlations. The results revealed significant associations between CB (p = 0.04),
LE (p = 0.01), TSA (p = 0.008), and survival outcomes. However, no significant associations were noted
for other markers. Multivariate analysis found the correlation of LE, TSA, and ATA with survival
(p = 0.041). Further research is needed to validate these findings and discover additional indicators.

Abstract: Colorectal cancer (CRC) represents a substantial burden on global healthcare, contributing
to significant morbidity and mortality worldwide. Despite advances in screening methodologies, its
incidence remains high, necessitating continued efforts in early detection and treatment. Neoplastic
invasion and metastasis are primary determinants of CRC lethality, emphasizing the urgency of
understanding underlying mechanisms to develop effective therapeutic strategies. This study aimed
to explore the potential of serum biomarkers in predicting survival outcomes in CRC patients, with
a focus on cathepsin B (CB), leukocytic elastase (LE), total sialic acid (TSA), lipid-associated sialic
acid (LASA), antitrypsin activity (ATA), C-reactive protein (CRP), and cystatin C (CC). We recruited
185 CRC patients and 35 healthy controls, assessing demographic variables, tumor characteristics,
and 7 serum biomarker levels, including (1) CB, (2) LE, (3) TSA, (4) LASA, (5) ATA, (6) CRP, and
(7) CC. Statistical analyses included ANOVA with Tukey’s post hoc tests and MANOVA for con-
tinuous variables. Student’s t-test was used for dependent samples, while non-parametric tests
like Mann–Whitney U and Wilcoxon signed-rank tests were applied for variables deviating from
the normal distribution. Categorical variables were assessed using chi-square and Kruskal-Wallis
tests. Spearman’s rank correlation coefficient was utilized to examine variable correlations. Survival
analysis employed the Kaplan–Meier method with a log-rank test for comparing survival times
between groups. Significant associations were observed between CB (p = 0.04), LE (p = 0.01), and TSA
(p = 0.008) levels and survival outcomes in CRC patients. Dukes’ classification stages also showed
a significant correlation with survival (p = 0.001). However, no significant associations were found
for LASA, ATA, CRP, and CC. Multivariate analysis of LE, TSA, and ATA demonstrated a notable
correlation with survival (p = 0.041), notwithstanding ATA’s lack of significance in univariate analysis
(p = 0.13). CB, LE, and TSA emerged as promising diagnostic markers with prognostic value in CRC,
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potentially aiding in early diagnosis and treatment planning. Further research is needed to validate
these findings and explore additional prognostic indicators.

Keywords: colorectal cancer; cathepsin B; leukocytic elastase; sialic acid; C-reactive protein; acute
phase factors; survival analysis

1. Introduction

Colorectal cancer (CRC) accounted for nearly 2 million new cases and approximately
1 million deaths in 2020, representing 10.7% of all new cancer cases and 9.5% of all cancer-
related deaths worldwide [1]. Despite the increasing role of screening and the growing
number of cases detected through the screening strategy rather than symptom presenta-
tion [2,3], CRC persists as a significant global healthcare concern, emphasizing the critical
importance of early diagnosis [4].

The neoplastic invasion and metastasis represent the pivotal aspects that render the
disease lethal [5]. As cancer-transformed cells migrate, they encounter morphological
barriers such as the basement membrane and connective tissue. Specific proteases and
acute phase factors assume a crucial role in surmounting these barriers during this pro-
cess [6–11]. Under physiological conditions, cathepsins are predominantly intracellular
enzymes involved in protein turnover and the degradation of exogenous proteins absorbed
through endocytosis [12–15]. However, their release from cancer cells and expression
on the cell membrane facilitate tumor cell invasion and metastasis [16]. Clinical obser-
vations show a significant increase in serum cathepsin B (CB) activity in patients with
various malignant tumors, including CRC, indicating its potential role as a sensitive marker
for disease progression [9,17]. Leukocytic elastase (LE), primarily found in neutrophil
azurophilic granules, aids in phagocytosis alongside other enzymes and reactive oxygen
species [18–20]. It contributes to tissue remodeling, cytokine modulation, and extracellular
matrix degradation. Physiological regulation involves alpha-1 antitrypsin inhibitor (AAT),
preventing excessive proteolysis [19]. Elevated LE levels, often as LE-AAT complexes, along
with reduced AAT levels or imbalance, signal inflammation and neutrophil activation and
can lead to cancer progression [20–23]. Sialic acid (N-acetylneuraminic acid, NANA) is a
sugar component that is crucial for cell physiology and immune response [24,25]. Elevated
levels are linked to metabolic disorders and various cancers, indicating its potential as
a cancer biomarker [26]. Glycoproteins that are abundant in sialic acids are commonly
observed in metastatic cancer. This elevation in sialoglycoproteins and sialoglycolipids
within tumors primarily stems from the augmented breakdown of cancer cells, alongside
increased synthesis and release of glycoconjugates containing sialic acid [27–31]. C-reactive
protein (CRP) and cystatin C (CC) are also implicated in cancer progression and metastasis,
highlighting the importance of investigating their role in CRC as well [32–34].

The study of patient survival outcomes in CRC is crucial as it provides insights into the
effectiveness of current treatment strategies and helps identify areas needing improvement.
Understanding survival outcomes enables physicians to better predict disease progression,
tailor treatments to individual patients, and ultimately improve prognosis and quality
of life. Biomarkers play a pivotal role in this context, offering potential tools for early
detection, prognosis, and monitoring therapeutic responses [35]. Recent studies suggest
that a combination of gene mutations (such as KRAS, BRAF, and p 53) and epigenetic
changes (like DNA methylation) significantly contribute to CRC development, guiding
targeted therapies and improving patient outcomes through molecular testing [36]. Though
some biomarkers are well known and tested in clinical settings, others appear promising
but have not yet been investigated in such contexts.

This study represents an extension of our prior investigation into the same subject
matter [7]. However, the current study places particular emphasis on analyzing patient
survival outcomes and determining potential associations with the investigated parameters.
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The objective of this study was to investigate potential correlations between the serum levels
or activity of specific biochemical parameters, including CB, LE, TSA, lipid-associated sialic
acid (LASA), antitrypsin activity (ATA), CRP, and CC, and survival outcomes in patients
diagnosed with colorectal adenocarcinoma.

2. Materials and Methods
2.1. Patient Population

The study population comprises 185 patients with colorectal adenocarcinoma enrolled
at the Lower Silesian Oncology Center and the Provincial Specialist Hospital in Wroclaw.
Patients were comprehensively assessed for demographic variables, including age and
sex, as well as the anatomical site of the neoplastic lesion. Furthermore, histopathological
grading of the neoplastic cells (G) and clinical staging according to the Dukes’ classification
were performed [37]. The Dukes’ classification system delineated stages as follows: Dukes
A denoted invasion into, but not through, the bowel wall; Dukes B indicated invasion
through the bowel wall, penetrating the muscle layer but without lymph node involve-
ment; Dukes C signified lymph node involvement; and Dukes D represented widespread
metastases. Blood serum samples were obtained preoperatively from each patient. All CRC
patients underwent surgery. None of the patients received adjuvant therapy as part of their
management. However, it was challenging to track follow-up data regarding salvage or
palliative therapy. Consequently, we included patients who received such therapies in the
study. The control group comprised 35 patients from the Lower Silesian Oncology Center
and the Provincial Specialist Hospital in Wroclaw, who were admitted for reasons other
than CRC, such as functional gastroenterological disorders.

2.2. Biochemical Measurements

The study examined 7 serum markers, which comprised (1) CB, (2) LE, (3) TSA, (4)
LASA, (5) ATA, (6) CRP, and (7) CC. The blood serum underwent several tests using differ-
ent methodologies. CB levels were determined using fluorogenic substrates following the
Barrett method [38]. LE, in conjunction with AAT, was measured via immunoenzymatic
analysis employing the MERCK test. TSA levels were assessed colorimetrically using
the periodate-resorcinol method introduced by Jourdian et al. [39]. LASA was quantified
colorimetrically, following the procedure outlined by Tautu et al. [40]. Serum ATA (or antit-
rypsin capacity) in blood plasma was evaluated colorimetrically against trypsin utilizing
the methodology proposed by Warwas et al. and Dietz et al. [41,42]. CRP levels were deter-
mined immunoturbidimetrically using the MERCK test. CC concentrations were assessed
via an immunoturbidimetric assay utilizing the DAKO Cystatin C PET Kit (Denmark).

2.3. Statistical Analysis

Continuous variables were characterized using the mean, standard deviation (SD), and
sample size (n). Statistical analysis of the data employed for continuous variables includes
one-way analysis of variance (ANOVA) with Tukey’s post hoc tests and multivariate
analysis of variance (MANOVA). For dependent samples, the Student’s t-test was utilized.
Non-parametric tests, such as the Mann–Whitney U test for independent samples and the
Wilcoxon signed-rank test for dependent samples, were applied to variables deviating
from the normal distribution. Categorical or dichotomous variables were assessed using
the chi-square and Kruskal–Wallis tests. Additionally, the correlation between variables
was examined using Spearman’s rank correlation coefficient. The determination of marker
threshold values was conducted utilizing the receiver operating characteristic (ROC) curve
method, with comprehensive details provided in our initial publication on this topic [7].
The ROC analysis for the multiparameter model comprising LE, TSA, and ATA is presented
in the Supplementary Materials. Survival analysis of patient groups employed the Kaplan–
Meier method, with the log-rank test used for comparing survival times between two
groups. A significance level of p < 0.05 was adopted for statistical evaluation, with non-
significance denoted as NS. Results differing at significance levels of p < 0.01 and p < 0.001
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were also presented. Statistical analysis was performed using the statistical software
package Statistica version 10.

3. Results

The demographic and clinical data of the 185 CRC patients are outlined in Table 1.
The control cohort comprised 35 patients, with a median age of 61 years (range: 19–85),
consisting of 19 men (54.3%) and 16 women (45.7%). Among the CRC patients, 98 (53.0%)
were male and 87 (47.0%) were female, with a median age of 63 years (range: 18–86).
The assessment of tumor localization revealed that 77 patients (41.6%) had lesions in the
colon, 37 (20.0%) in the sigmoid colon, and 71 (38.4%) in the rectum. Histological grading
demonstrated 8 patients (4.3%) with G1 disease, 103 (55.7%) with G2, and 74 (40.0%) with
G3 tumor. According to the Dukes’ classification, 22 patients (11.9%) were categorized as
group A, 52 (28.1%) as group B, 72 (38.9%) as group C, and 39 (21.1%) as group D.

Table 1. Characteristics of 185 patients with colorectal adenocarcinoma.

Sex, n (%)

Men 98 (53.0)
Women 87 (47.0)

Age, median (range) 63 (18–86)

Anatomical location, n (%)

Colon 77 (41.6)
Sigmoid colon 37 (20.0)

Rectum 71 (38.4)

Histological grade, n (%)

G1 8 (4.3)
G2 103 (55.7)
G3 74 (40.0)

Dukes’ classification, n (%)

Dukes A 22 (11.9)
Dukes B 52 (28.1)
Dukes C 72 (38.9)
Dukes D 39 (21.1)

n: number of patients; G: grade.

In the analysis of 5-year patient survival rates, considering the degree of differentiation
of tumor cells (G2 and G3), the significance level was found to be p = 0.042 (Figure S1). The
relationship between patient survival and the stage of tumor advancement according to
the Dukes classification reached a high level of significance with p = 0.001 (Figure S2). The
survival curve based on tumor localization (rectum, colon, and sigmoid) did not reveal
statistically significant differences (Figure S3).

Table 2 displays the findings of the examined biochemical parameters, including their
mean, SD, and sample size, encompassing both the colorectal cancer patient group and
the control group. Our previous study [7] yielded analogous results. In the CRC group,
differences in the values of the examined biochemical parameters in serum were observed
compared to the control group. Despite notable changes in the levels and activities of
the investigated factors, not all of these differences were statistically significant across all
groups. Significance was observed between the CRC patient groups and the control group
regarding the levels of CB, LE, TSA, and ATA.



Cancers 2024, 16, 2471 5 of 15

Table 2. Characteristics of serum parameters in CRC patients and in the control group.

Biochemical Arameter,
Unit n CRC Patients (Mean ± SD) n Control Group Patients

(Mean ± SD) p Value

CB, mU/L 185 16.1 ± 8.8 35 11.4 ± 6.5 <0.050
LE, µg/L 51 875.1 ± 597.9 30 379.1 ± 187.3 <0.001

TSA, mg% 71 98.9 ± 30.8 31 71.4 ± 15.1 <0.001
LASA, mg% 68 0.68 ± 0.33 35 0.69 ± 0.28 NS
ATA, U/mL 74 3211.4 ± 1504.1 29 2015.9 ± 689.6 <0.001
CRP, mg/L 34 59.3 ± 43.5 23 12.9 ± 10.90 NS
CC, mg/L 34 2.17 ± 2.48 15 1.10 ± 0.24 NS

n: number of patients; CRC: colorectal cancer; SD: standard deviation; p: probability; CB: cathepsin B; LE:
leukocytic elastase; TSA: total sialic acid; LASA: lipid-associated sialic acid; NS: nonsignificant; ATA: antitrypsin
activity; CRP: C-reactive protein; CC: cystatin C.

Survival analysis using the Kaplan–Meier test was conducted for selected parame-
ters, as depicted in Figures 1–7. The analysis demonstrated the significance of CB levels
(p = 0.04, Figure 1) in assessing survival in CRC patients, with those below the cutoff point
showing significantly poorer survival times. Conversely, varying LE activity across Duke’s
classification stages of CRC precludes its early diagnostic utility. However, LE confirms
its prognostic value, with a cutoff point of 543 µg/L distinguishing survival outcomes
significantly (p = 0.01, Figure 2) in CRC patients. Similarly, for TSA levels above 75.34 mg%,
Kaplan–Meier analysis revealed significantly poorer survival outcomes (p = 0.008, Figure 3).
Kaplan–Meier analysis for LASA, ATA, CRP, and CC showed no significant association
with survival outcomes in the CRC group (Figures 4–7).
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Figure 1. The survival analysis of patients with colon adenocarcinoma at serum cathepsin B threshold
of 11.2248 mU/L. The Kaplan–Meier test was used to perform the survival analysis. p: statistical
significance; CB: cathepsin B.
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acid threshold of 75.34 mg%. The Kaplan–Meier test was used to perform the survival analysis.
p: statistical significance; TSA: total sialic acid.
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Figure 5. The survival analysis of patients with colon adenocarcinoma at serum antitrypsin ac-
tivity threshold of 2400 U/mL. The Kaplan–Meier test was used to perform the survival analysis.
p: statistical significance; ATA: antitrypsin activity.
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significance; CRP: C-reactive protein.
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1.55 mg/L. The Kaplan–Meier test was used to perform the survival analysis. p: statistical significance;
CC: cystatin C.
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Additionally, survival analyses were conducted for all the aforementioned param-
eters to analyze the effect of various parameter combinations on the survival outcomes.
One Kaplan–Meier test for the combination of LE, TSA, and ATA revealed a significant
impact of these factors on survival in CRC patients (p = 0.041, Figure 8). The threshold
for this multifactorial analysis has been set at −0.113, as determined by the ROC curve
(Supplementary Figure S4). Youden’s index was 0.55, indicating that this analysis has mod-
erate accuracy. This means it is useful as it correctly identifies both positive and negative
cases more often than it misses them.
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The graphical summary of the association between the investigated biochemical
parameters and survival outcomes is depicted in Figure 9. The same associations are
presented as the tabular summary in Table 3.

Table 3. The tabular summary of the association between investigated biochemical factors and
survival outcomes in colorectal adenocarcinoma patients.

Univariate Survival Analysis

Biochemical Parameters p Value

Cathepsin B 0.04
Leukocytic elastase 0.01

Total sialic acid 0.008
Lipid-associated sialic acid NS

Antitrypsin activity NS
C-reactive protein NS

Cystatin C NS

Multivariate Survival Analysis

Biochemical Parameters p Value

Leukocytic elastase, total sialic acid, and
antitrypsin activity 0.041

p: probability; NS: non-significant.
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Figure 9. The graphical summary of the association of investigated biochemical factors and sur-
vival outcomes in colorectal adenocarcinoma patients. Our study revealed that decreased levels of
cathepsin B and leukocytic elastase, along with elevated levels of total sialic acid, were associated
with poorer survival outcomes. However, the association of lipid-associated sialic acid, antitrypsin
activity, C-reactive protein, and cystatin C with survival outcomes was found to be non-significant.
In multivariate survival analysis, only a combination of leukocytic elastase, total sialic acid, and
antitrypsin activity showed a correlation with survival outcomes. p: probability; NS: non-significant.

4. Discussion

Several studies consistently demonstrate that elevated levels of CB are linked to
unfavorable survival outcomes in CRC patients. Troy et al. [43] noted that elevated CB and
cathepsin L (CL) activity ratios were associated with decreased survival in individuals with
potentially treatable conditions. In early-stage disease, both CB and CL tumor/normal
activity ratios exceeded 1, with gradual reductions observed as tumor stage advanced
(p = 0.02 for CB). Moreover, patient survival in potentially curable cases exhibited an
inverse relationship with both CB (p = 0.007) and CL (p = 0.001) activity ratios. Kos
et al. [44] demonstrated in their survival analysis that colorectal cancer (CRC) patients with
elevated serum CB levels showed notably diminished survival probability at the cutoff
value of 9.4 ng/ml. Furthermore, individuals with heightened serum levels of CB and
carcinoembryonic antigen (CEA) had markedly reduced survival rates (relative hazard ratio
[HR] of 2.2; 95% confidence interval, 1.5–3.2; p < 0.0001) compared to those with lower levels
of both molecules. In a similar vein, Campo et al. [45] noted a correlation between elevated
CB expression and advanced disease stage, leading to shortened patient survival. Increased
enzyme expression in tumor stromal cells corresponded with neoplastic advancement.
Moreover, high levels of CB expression in tumor epithelial cells were associated with
significantly reduced patient survival. Additionally, Chan et al. [46] reinforced these
findings by demonstrating that the presence of CB in tumors was linked to a heightened
risk of both disease-specific and overall mortality. However, CB expression did not correlate
with disease stage (p = 0.19). Participants with CB-positive tumors had a multivariate HR of
1.99 (95% confidence interval [CI] 1.19–3.34) for disease-specific mortality and 1.71 (95% CI
1.16–2.50) for overall mortality compared to those with CB-negative tumors. Collectively,
these studies underscore the significant role of cathepsin B levels/activity in predicting
survival outcomes among colorectal cancer patients.
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Research indicates that LE levels and activity may impact the prognosis of colorectal
cancer (CRC) patients. In our investigation, CRC patients with lower LE levels exhib-
ited poorer survival outcomes compared to those with higher levels, with a threshold
of 534 µg/L (Figure 2). Ho et al. [21] observed elevated neutrophil elastase (NE) expres-
sion in CRC patients, suggesting its potential as a diagnostic marker and therapeutic
target. However, Berry et al. [47] reported that high levels of tumor-associated neutrophils,
which release NE, were associated with improved overall survival in stage II CRC patients.
Conversely, Chiang et al. [48] and Zhang et al. [49] found that an elevated neutrophil-to-
lymphocyte ratio, influenced by NE, correlated with worse outcomes in CRC patients.
These findings underscore a nuanced relationship between LE and survival outcomes in
CRC patients, underscoring the need for further investigation.

Both TSA and LASA are useful markers in the diagnosis and monitoring of various
conditions, including CRC and other malignancies [6,24,50–54]. In our study, the Kaplan–
Meier analyses of patients with CRC revealed statistically significant differences in TSA
levels (p = 0.008), but not in LASA levels (p = 0.89). TSA and LASA has been found to be
significantly elevated in the serum of CRC patients, with higher levels correlating with
more advanced stages of the disease [40,55]. Preoperative serum TSA levels have been
identified as a potential prognostic factor for tumor recurrence in CRC, with the TSA/total
protein (TP) ratio showing promise as a marker for high-risk patients [56].

The role of ATA in the CRC is complex and multifaceted. Studies have shown that
the expression of pancreatic secretory trypsin inhibitor (PSTI) is widespread in CRC, par-
ticularly in advanced cases [57]. This suggests a potential role in tumor development.
The presence of antitrypsins in CRC cells and their metastatic foci further supports their
potential role in tumor progression [58]. However, the exact mechanisms and implications
of these findings in the context of colorectal cancer require further investigation.

Remarkably, the multivariate analysis of LE, TSA, and ATA demonstrated a notable
correlation with survival among CRC patients (p = 0.041), notwithstanding ATA’s lack of
significance in the univariate analysis (p = 0.13). This indicates the potential for ATA to be
linked with survival outcomes in larger cohorts in future investigations. Consequently, LE
and TSA have solidified their significance as the most influential biochemical parameters
in our study.

CRP, a marker of systemic inflammation, has consistently been linked to poor survival
outcomes in colorectal cancer. Toiyama et al. [59] identified CRP positivity as an inde-
pendent prognostic marker in stage I-III CRC, especially in cases with inadequate lymph
node retrieval. Van de Poll et al. [60] further supported this, demonstrating that elevated
CRP concentrations were associated with decreased survival in patients with colorectal
peritoneal carcinomatosis. Similarly, Wong et al. [61] found that elevated preoperative CRP
levels predicted poor outcomes in patients undergoing curative resection for colorectal
liver metastases. These findings underscore the potential value of CRP as a prognostic tool
for colorectal cancer. CC, a cysteine protease inhibitor, has been identified as a potential
tumor marker for CRC. Its role in CRC is further supported by the finding that cystatin SN,
a member of the cystatin family, is highly expressed in CRC cells [62]. This suggests that
cystatin C may play a role in the progression and metastasis of CRC. However, the specific
mechanisms by which cystatin C contributes to CRC development and progression remain
to be fully elucidated. Our study did not reveal correlations between CRP and CC levels
and survival outcomes in CRC patients.

In terms of limitations, it should be noted that not all patients had complete data
available. This was performed deliberately to include the maximum amount of data
possible in order to achieve our study objectives and provide comprehensive and thorough
results. Another limitation is the relatively small sample size, which may have contributed
to the lack of statistical significance in some associations, although several approached
significance. Larger study cohorts would likely uncover more statistically significant
associations. Additionally, a significant limitation of this study is the necessity to use
Kaplan–Meier curves instead of multivariable analysis, such as Cox regression. This choice
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was driven by our inability to retrieve all clinical data due to the restructuring of the
hospital where the patients were admitted. The loss of some clinical data prevented us from
performing a more comprehensive multivariable analysis. Although Kaplan–Meier curves
provide valuable insights into survival outcomes and allow us to visualize the association
between specific biochemical parameters and survival, they do not account for the potential
confounding effects of multiple variables. Despite these constraints, we believe that our
findings contribute significantly to the understanding of survival outcomes in CRC patients
and highlight the importance of further research using more complete datasets.

5. Conclusions

The Kaplan–Meier analyses of patients with CRC revealed statistically significant
differences in CB (p = 0.04), LE (p = 0.01), and TSA (p = 0.008) levels. Survival analysis
considering tumor cell differentiation (G2 vs. G3) yielded a significance level of p = 0.042.
Additionally, significant associations were found between patient survival and Dukes’
classification stages (p = 0.001), while survival curves based on tumor location showed no
statistically significant differences. Our study identified CB, LE, and TSA as promising
diagnostic indicators in CRC, with prognostic capabilities to forecast survival outcomes in
affected patients.
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//www.mdpi.com/article/10.3390/cancers16132471/s1, Figure S1: The survival analysis of patients
with colon adenocarcinoma at various tumor grades; Figure S2: The survival analysis of patients with
colon adenocarcinoma at various clinical stages; Figure S3: The survival analysis of patients with
colon adenocarcinoma in different locations; Figure S4: The receiver operating characteristic (ROC)
curve used to determine the threshold for the combination of three parameters: leukocytic elastase,
antitrypsin activity, and total sialic acid.
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12. Olszewska, D.; Drewa, T.; Makarewicz, R.; Drewa, J.; Woźniak, A.; Maciak, R. [Significance of Cathepsin B and D in Physiologic
and Pathologic Processes]. Pol. Merkur. Lekarski 2001, 10, 65–70. [PubMed]

13. Yadati, T.; Houben, T.; Bitorina, A.; Shiri-Sverdlov, R. The Ins and Outs of Cathepsins: Physiological Function and Role in Disease
Management. Cells 2020, 9, 1679. [CrossRef] [PubMed]

14. Wang, J.; Zheng, M.; Yang, X.; Zhou, X.; Zhang, S. The Role of Cathepsin B in Pathophysiologies of Non-Tumor and Tumor
Tissues: A Systematic Review. J. Cancer 2023, 14, 2344–2358. [CrossRef] [PubMed]

15. Chwieralski, C.E.; Welte, T.; Bühling, F. Cathepsin-Regulated Apoptosis. Apoptosis 2006, 11, 143–149. [CrossRef] [PubMed]
16. Tan, G.-J.; Peng, Z.-K.; Lu, J.-P.; Tang, F.-Q. Cathepsins Mediate Tumor Metastasis. World J. Biol. Chem. 2013, 4, 91. [CrossRef]

[PubMed]
17. Herszényi, L.; Plebani, M.; Carraro, P.; De Paoli, M.; Roveroni, G.; Cardin, R.; Foschia, F.; Tulassay, Z.; Naccarato, R.; Farinati, F.

Proteases in Gastrointestinal Neoplastic Diseases. Clin. Chim. Acta 2000, 291, 171–187. [CrossRef]
18. Carrell, R.W. Alpha 1-Antitrypsin: Molecular Pathology, Leukocytes, and Tissue Damage. J. Clin. Investig. 1986, 78, 1427–1431.

[CrossRef] [PubMed]
19. Ohlsson, K. Neutral Leucocyte Proteases and Elastase Inhibited by Plasma Alpha1-Antitrypsin. Scand. J. Clin. Lab. Investig. 1971,

28, 251–253. [CrossRef]
20. Sato, T.; Takahashi, S.; Mizumoto, T.; Harao, M.; Akizuki, M.; Takasugi, M.; Fukutomi, T.; Yamashita, J. Neutrophil Elastase and

Cancer. Surg. Oncol. 2006, 15, 217–222. [CrossRef]
21. Ho, A.-S.; Chen, C.-H.; Cheng, C.-C.; Wang, C.-C.; Lin, H.-C.; Luo, T.-Y.; Lien, G.-S.; Chang, J. Neutrophil Elastase as a Diagnostic

Marker and Therapeutic Target in Colorectal Cancers. Oncotarget 2014, 5, 473–480. [CrossRef] [PubMed]
22. Nozawa, F.; Hirota, M.; Okabe, A.; Shibata, M.; Iwamura, T.; Haga, Y.; Ogawa, M. Elastase Activity Enhances the Adhesion of

Neutrophil and Cancer Cells to Vascular Endothelial Cells. J. Surg. Res. 2000, 94, 153–158. [CrossRef] [PubMed]
23. Sun, Z.; Yang, P. Role of Imbalance between Neutrophil Elastase and A1-Antitrypsin in Cancer Development and Progression.

Lancet Oncol. 2004, 5, 182–190. [CrossRef] [PubMed]
24. Varki, A. Sialic Acids in Human Health and Disease. Trends Mol. Med. 2008, 14, 351–360. [CrossRef] [PubMed]
25. Kelm, S.; Schauer, R. Sialic Acids in Molecular and Cellular Interactions. In International Review of Cytology; Elsevier: Amsterdam,

The Netherlands, 1997; pp. 137–240.
26. Sillanaukee; Pönniö; Jääskeläinen. Occurrence of Sialic Acids in Healthy Humans and Different Disorders. Eur. J. Clin. Investig.

1999, 29, 413–425. [CrossRef] [PubMed]
27. Akcay, F. Levels of Soluble Intercellular Adhesion Molecule-1 and Total Sialic Acid in Serum of Patients with Laryngeal Cancer.

Jpn. J. Clin. Oncol. 2001, 31, 584–588. [CrossRef] [PubMed]
28. Miyazaki, K.; Ohmori, K.; Izawa, M.; Koike, T.; Kumamoto, K.; Furukawa, K.; Ando, T.; Kiso, M.; Yamaji, T.; Hashimoto,

Y.; et al. Loss of Disialyl Lewisa, the Ligand for Lymphocyte Inhibitory Receptor Sialic Acid-Binding Immunoglobulin-Like
Lectin-7 (Siglec-7) Associated with Increased Sialyl Lewisa Expression on Human Colon Cancers. Cancer Res. 2004, 64, 4498–4505.
[CrossRef] [PubMed]

29. Huang, J.; Huang, J.; Zhang, G. Insights into the Role of Sialylation in Cancer Metastasis, Immunity, and Therapeutic Opportunity.
Cancers 2022, 14, 5840. [CrossRef] [PubMed]

30. Dobie, C.; Skropeta, D. Insights into the Role of Sialylation in Cancer Progression and Metastasis. Br. J. Cancer 2021, 124, 76–90.
[CrossRef]

31. Pearce, O.M.T.; Läubli, H. Sialic Acids in Cancer Biology and Immunity. Glycobiology 2016, 26, 111–128. [CrossRef]
32. Hart, P.C.; Rajab, I.M.; Alebraheem, M.; Potempa, L.A. C-Reactive Protein and Cancer—Diagnostic and Therapeutic Insights.

Front. Immunol. 2020, 11, 595835. [CrossRef] [PubMed]
33. Potempa, L.A.; Rajab, I.M.; Olson, M.E.; Hart, P.C. C-Reactive Protein and Cancer: Interpreting the Differential Bioactivities of Its

Pentameric and Monomeric, Modified Isoforms. Front. Immunol. 2021, 12, 744129. [CrossRef] [PubMed]
34. Leto, G.; Crescimanno, M.; Flandina, C. On the Role of Cystatin C in Cancer Progression. Life Sci. 2018, 202, 152–160. [CrossRef]

[PubMed]

https://doi.org/10.1001/jama.2021.0106
https://doi.org/10.3748/wjg.v27.i39.6673
https://doi.org/10.1016/0304-3835(95)03930-U
https://doi.org/10.3748/wjg.v20.i37.13246
https://doi.org/10.3748/wjg.v23.i12.2106
https://doi.org/10.3748/wjg.v11.i27.4225
https://www.ncbi.nlm.nih.gov/pubmed/16015694
https://www.ncbi.nlm.nih.gov/pubmed/11320558
https://doi.org/10.3390/cells9071679
https://www.ncbi.nlm.nih.gov/pubmed/32668602
https://doi.org/10.7150/jca.86531
https://www.ncbi.nlm.nih.gov/pubmed/37576397
https://doi.org/10.1007/s10495-006-3486-y
https://www.ncbi.nlm.nih.gov/pubmed/16502253
https://doi.org/10.4331/wjbc.v4.i4.91
https://www.ncbi.nlm.nih.gov/pubmed/24340132
https://doi.org/10.1016/S0009-8981(99)00227-2
https://doi.org/10.1172/JCI112731
https://www.ncbi.nlm.nih.gov/pubmed/3537008
https://doi.org/10.3109/00365517109095696
https://doi.org/10.1016/j.suronc.2007.01.003
https://doi.org/10.18632/oncotarget.1631
https://www.ncbi.nlm.nih.gov/pubmed/24457622
https://doi.org/10.1006/jsre.2000.6002
https://www.ncbi.nlm.nih.gov/pubmed/11104655
https://doi.org/10.1016/S1470-2045(04)01414-7
https://www.ncbi.nlm.nih.gov/pubmed/15003202
https://doi.org/10.1016/j.molmed.2008.06.002
https://www.ncbi.nlm.nih.gov/pubmed/18606570
https://doi.org/10.1046/j.1365-2362.1999.00485.x
https://www.ncbi.nlm.nih.gov/pubmed/10354198
https://doi.org/10.1093/jjco/hye128
https://www.ncbi.nlm.nih.gov/pubmed/11902488
https://doi.org/10.1158/0008-5472.CAN-03-3614
https://www.ncbi.nlm.nih.gov/pubmed/15231659
https://doi.org/10.3390/cancers14235840
https://www.ncbi.nlm.nih.gov/pubmed/36497322
https://doi.org/10.1038/s41416-020-01126-7
https://doi.org/10.1093/glycob/cwv097
https://doi.org/10.3389/fimmu.2020.595835
https://www.ncbi.nlm.nih.gov/pubmed/33324413
https://doi.org/10.3389/fimmu.2021.744129
https://www.ncbi.nlm.nih.gov/pubmed/34552600
https://doi.org/10.1016/j.lfs.2018.04.013
https://www.ncbi.nlm.nih.gov/pubmed/29654808


Cancers 2024, 16, 2471 14 of 15

35. Beniwal, S.; Lamo, P.; Kaushik, A.; Lorenzo-Villegas, D.; Liu, Y.; MohanaSundaram, A. Current Status and Emerging Trends in
Colorectal Cancer Screening and Diagnostics. Biosensors 2023, 13, 926. [CrossRef]

36. Vacante, M.; Borzì, A.M.; Basile, F.; Biondi, A. Biomarkers in Colorectal Cancer: Current Clinical Utility and Future Perspectives.
World J. Clin. Cases 2018, 6, 869–881. [CrossRef]

37. Dukes, C.E. The Classification of the Cancer of the Rectum. J. Pathol. Bacteriol. 1949, 35, 323–332. [CrossRef]
38. Barrett, A.J. Fluorimetric Assays for Cathepsin B and Cathepsin H with Methylcoumarylamide Substrates. Biochem. J. 1980, 187,

909–912. [CrossRef]
39. Jourdian, G.W.; Dean, L.; Roseman, S. The Sialic Acids. XI. A Periodate-Resorcinol Method for the Quantitative Estimation of

Free Sialic Acids and Their Glycosides. J. Biol. Chem. 1971, 246, 430–435. [CrossRef] [PubMed]
40. Tautu, C.; Verazin, G.; Prorok, J.J.; Alhadeff, J.A. Improved Procedure for Determination of Serum Lipid-Associated Sialic Acid:

Application for Early Diagnosis of Colorectal Cancer. JNCI J. Natl. Cancer Inst. 1988, 80, 1333–1337. [CrossRef]
41. Dietz, A.A.; Rubinstein, H.M.; Hodges, L.K. Use of Alpha-N-Benzoyl-L-Arginine-p-Nitroanilide as Trypsin Substrate in Estimation

of Alpha 1-Antitrypsin. Clin. Chem. 1976, 22, 1754–1755. [CrossRef]
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