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Abstract
Background: VAP-1, like other adhesion molecules, can exist as soluble circulating form (sVAP-1). Elevated serum sVAP-1 levels were
observed in both type 1 and type 2 diabetic patients, in subjects with primary biliary cirrhosis and alcoholic liver cirrhosis, while patients
with rheumatoid arthritis or inflammatory bowel disease did not exhibit significant alterations in sVAP-1 level when compared to healthy
individuals. Only scarce and controversial information is available on the serum sVAP-1 levels in cases of malignant neoplasms. The
purpose of our study was to assess the relationship between the level of soluble vascular adhesion protein 1 and the concentration
of inflammatory markers, as well as to assess the predictive value of sVAP-1 in patients with colorectal cancer scheduled for surgery.
Methods: Kaplan-Meier analysis and log-rank test were performed to assess the correlation between sVAP-1 levels and the clinical
outcomes on disease-free survival (DFS).
Results: Compared to healthy individuals, patients suffering from colorectal cancer, expressed a significantly lower levels of sVAP-1
(p < 0.000002) and significantly higher concentrations of CEA (p = 0.003), IL-6 (p = 0.0001), CRP (p = 0.0001), AAG (p = 0.0001), and
haptoglobin (p = 0.0001) in the serum. In the studied group of patients, a significant negative correlation between the serum levels of
sVAP-1 vs. CRP (r = – 0.195; p = 0.031), sVAP-1 vs. AAG (r = – 0.234; p = 0.009), sVAP-1 vs. HAP (r = – 0.226; p = 0.012) were found. 3-year
DFS of the patients with pretreatment levels of CEA ≥ 5 μg/L was significantly lower than the patients with pretreatment levels of CEA
< 5 μg/L (47.4% vs. 82.9%, p = 0.00005). 3-year DFS of patients with pretreatment concentrations of sVAP-1≤ 185 μg/L was significantly
lower than the patients with pretreatment concentrations of sVAP-1 > 185 μg/L (59.4% vs. 77.4%, p = 0.0378).
Conclusions: In patients scheduled for colorectal cancer surgery, serum concentrations of sVAP-1 are related to the tumour stage and
the severity of acute phase reaction. Increased CEA concentrations or decreased sVAP-1 levels before surgery is associated with shorter
time to disease progression following resection of colorectal cancer.
Streszczenie
Wstęp: Naczyniowe białko adhezyjne 1 (vascular adhesion protein 1; VAP-1) podobnie jak inne cząsteczki adhezyjne występuje w krążeniu w postaci rozpuszczalnej (sVAP-1). Wzrost stężenia rozpuszczalnego VAP-1 obserwowano m.in. w cukrzycy typu I i II, pierwotnej
marskości żółciowej oraz alkoholowej marskości wątroby, podczas gdy u chorych z reumatoidalnym zapaleniem stawów oraz chorobami
zapalnymi jelit nie stwierdzano istotnych zmian poziomu sVAP-1 w porównaniu z osobami zdrowymi. Doniesienia dotyczące kształtowania się poziomu sVAP-1 u chorych na nowotwory są nieliczne i kontrowersyjne.
Cel pracy: Ocena zależności pomiędzy stężeniem naczyniowego białka adhezyjnego 1, a poziomem markerów stanu zapalnego, jak
również oszacowanie wartości prognostycznej sVAP-1 u chorych na raka jelita grubego zakwalifikowanych do operacji.
Metody: Oznaczenia sVAP-1, IL-6, antygenu karcinoembrionalnego (CEA) oraz białek ostrej fazy tj. białko C-reaktywne (CRP), alfa-1 kwaśna
glikoproteina (AAG) i haptoglobina (HAP) wykonano przed leczeniem chirurgicznym u 126 chorych na raka jelita grubego w różnych
stadiach zaawansowania. Grupa referencyjna obejmowała 40 osób zdrowych. Na podstawie analizy Kaplana-Meiera oraz testu log-rank
oszacowano czas przeżycia wolnego od choroby (DFS; disease free survival) u chorych na raka jelita grubego.
Wyniki: U chorych na raka jelita grubego, w porównaniu do osób zdrowych, obserwowano istotnie niższy poziom sVAP-1 (p<0,000002)
oraz istotnie wyższe stężenia CEA (p=0,003), IL-6 (p=0,0001), CRP (p=0,0001), AAG (p=0,0001) i haptoglobiny (p=0,0001) w surowicy
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krwi. W badanej grupie chorych stwierdzano istotną odwrotną korelację pomiędzy sVAP-1 vs. CRP (r= – 0,195; p=0,031), sVAP-1 vs. AAG
(r= – 0,234; p=0,009), sVAP-1 vs. HAP (r= – 0,226; p=0,012). Chorzy ze stężeniami CEA, przed leczeniem, wyższymi od 5 μg/l cechowali
się istotnie krótszym czasem wolnym od choroby w porównaniu do chorych ze stężeniem CEA poniżej 5 μg/l. W porównaniu z chorymi
ze stężeniem sVAP-1 wyższym od 185 μg/l, 3-letni czas przeżycia bezobjawowego u chorych ze stężeniem sVAP-1 niższym od 185 μg/l
był istotnie krótszy (77,4% vs. 59,4%, p=0,0378).
Wnioski: U chorych na raka jelita grubego zakwalifikowanych do leczenia chirurgicznego poziom sVAP-1 pozostaje w zależności od
zaawansowania procesu nowotworowego jak i nasilenia reakcji ostrej fazy. Wzrost poziomu CEA oraz spadek stężenia sVAP-1 przed
operacją wiąże się ze skróceniem czasu wolnego od progresji choroby po operacji.
Key words:
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Introduction
Colorectal cancer is one of the most common malignant tumours,
both in Poland and throughout the world. As in the case of other
neoplasms, progression of colorectal cancer depends not only on
the characteristics of the malignant tumor but also on the severity
of the host response, both local and systemic and on the immune
system efficiency. An important component of immune surveillance is the migration of leukocytes from the intravascular space
into the tissues, but only lymphocytes cross endothelial barriers
in specialized places called high endothelial venules (HEVs), found
in peripheral lymph nodes, tonsils, and liver [1, 2].
Lymphocyte diapedesis depends on various cellular processes
including expression of adhesion molecules on endothelial cells.
Vascular adhesion protein-1 (VAP-1), described by Salmi et al. is
one of such molecules. VAP-1 is found in high endothelial venules
(HEVs) [3], but it is also expressed on adipocytes and smooth muscle cells. Its physiological function is not well understood [4]. Under
physiological conditions VAP-1 is stored in cytoplasmic granules
and translocated to the surface upon inflammation [5]. Vascular
adhesion protein-1 is a sialoglycoprotein consisting of 764 amino
acid residues with a molecular mass of 170 kDa, which mediates
in lymphocyte binding to vascular endothelium [6]. According
to Salmi and Jalkanen, sialic acid is essential for this process. The
desialylated form of VAP-1 no longer mediates lymphocyte binding
[6]. VAP-1 displays the features of type 2 transmembrane proteins
with an N-terminal cytoplasmic domain, a single transmembrane
domain, and a C-terminal extracellular domain [7].
As it was demonstrated, VAP-1, like other adhesion molecules, can
exist as soluble circulating form (sVAP-1) released by proteolytic
cleavage of the extracellular domain of the membrane-bound
VAP-1 on the cell surface [8, 9]. Elevated serum sVAP-1 levels were
observed in both type 1 and type 2 diabetic patients, in subjects
with primary biliary cirrhosis and alcoholic liver cirrhosis, while
patients with rheumatoid arthritis or inflammatory bowel disease
did not exhibit significant alterations in sVAP-1 level when compared to healthy individuals [8, 10]. Only scarce and controversial
information is available on the serum sVAP-1 levels in cases of
malignant neoplasms.
The purpose of our study was to assess the relationship between the
level of soluble vascular adhesion protein 1 and the concentration
of inflammatory markers, as well as to assess the predictive value
of sVAP-1 in patients with colorectal cancer scheduled for surgery.
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Materials and Methods
One hundred twenty six patients qualified to the surgery at the
Maria Sklodowska-Curie Memorial Cancer Center and Institute
of Oncology in Krakow were enrolled in this study. Written informed consents for the collection of clinical data and blood
specimens were obtained before surgery from each patient.
Blood and clinicopathological data of CRC patients were collected at enrollment. The group of patients consisted of 47
(37.3%) women and 79 (62.7%) men, with histologically confirmed colorectal cancer in various clinical stages (Table I). TNM
staging was based on the 7th edition of the AJCC (American Joint
Committee on Cancer) classification of colorectal cancer. The
presence of distant metastases and/or locoregional recurrence
was found based on computed tomography (CT) and magnetic
resonance imaging (MRI) results. Liver metastases were synchronous in 12 patients. All patients had regular follow-ups in our
outpatient clinic after surgery to monitor the disease recurrence
Table I. Tumour characteristics.

N (%)
Site of tumour
colon
rectum

60 (47.6)
66 (52.4)

pT1
pT2
pT3
pT4

9 (7.1)
17 (13.5)
92 (73.1)
8 (6.3)

pN0
pN1
pN2
pN3

77 (61.1)
31 (24.6)
17 (13.5)
1 (0.8)

M0
M1

114 (90.5)
12 (9.5)

I
II
III
IV

21 (16.7)
52 (41.3)
41 (32.5)
12 (9.5)

G1
G2
G3

14 (11.1)
101 (80.2)
11 (8.7)

T stage

N stage

M stage

TNM stage

Grade

Diagn Lab. 2018; 54(4): 217-224
and metastasis. Disease-free survival (DFS) was defined as the
time from the surgery to the first documentation of disease
progression. Patients without progression were censored at
their date of last follow-up.
The reference group consisted of 40 healthy, gender– and age–
matched volunteers. There were no age or gender significant
differences between patients with colorectal cancer and healthy
subjects.
The serum concentrations of carcinoembryonic antigen (CEA),
selected inflammation indicators: sVAP-1, IL-6, and acute phase
proteins such as C-reactive protein (CRP), alpha-1-acid glycoprotein
(AAG), and haptoglobin (HAP) were determined in all participants.
Blood samples were drawn from the patients in the morning (between 8 and 9 a.m.). The serum specimens obtained by centrifugation were divided into portions and stored at –800C until assayed.
Measurements of the CEA levels were performed by the chemiluminescence method with the use of reagents and Architect i1000
analyzer (Abbott Laboratories, USA). sVAP-1 levels were measured
by a commercial ELISA kit (eBioscience, Austria) using miniBOS microplate reader (Biomedica, Austria). IL-6 concentrations were determined using commercially available electrochemiluminescence
immunoassay kits and the Cobas e411 analyzer (Roche Diagnostics,
Germany). Serum concentrations of CRP, alpha-1-acid glycoprotein
and haptoglobin were determined by the immunonephelometric
method with the use of reagents and BN ProSpec nephelometer
(Siemens Healthcare Diagnostics, Germany).
Statistical analysis was performed by Statistica (StatSoft, v. 10,
Poland) using t-test. The normality of results was examined by
the Shapiro-Wilk test. Differences between groups were analyzed
by the Mann-Whitney U test. Correlations between the measured
parameters were examined using Pearson correlation coefficient r
and Spearman’s rank test. Differences were considered statistically
significant if the P-value was below 0.05. Disease-free survival
was estimated using the Kaplan-Meier method, and differences
between survival curves were tested with the log-rank test.
The cut-off values were decided on the basis of determination
of studied parameters in a reference group of healthy people, as
levels corresponding to the 97.5th percentile and were for CEA – 5
μg/L, IL-6 – 5.0 ng/L, CRP – 5.0 mg/L, AAG – 1.3 g/L, and haptoglobin – 3.2 g/L, while for sVAP-1 as level corresponding to the 2.5th
percentile and was 252 μg/L.
Results
Compared to healthy individuals, patients suffering from colorectal
cancer, expressed a significantly lower levels of sVAP-1 (Figure 1)
and significantly higher concentrations of CEA (p = 0.003), IL-6 (p
= 0.0001), CRP (p = 0.0001), AAG (p = 0.0001), and haptoglobin
(p = 0.0001) in the serum. Elevated CEA concentrations and/or
decreased sVAP-1 levels were observed in 70.6% of patients. In
the studied group of patients, a significant negative correlation
between the serum levels of sVAP-1 vs. CRP (r = – 0.195; p = 0.031),
sVAP-1 vs. AAG (r = – 0.234; p = 0.009), sVAP-1 vs. HAP (r = – 0.226;
p = 0.012) and a significant positive correlation between the serum
level of CEA vs. CRP (r = 0.189; p = 0.037) were found. With the
exception of CRP, whose concentration was significantly higher in

Figure 1. sVAP-1 concentrations in patients with CRC and in the reference group.

patients with colon cancer compared to patients with rectal cancer,
there were no significant differences for the remaining parameters examined between the groups distinguished due to tumor
location. It has been found that patients with advanced stages of
disease, compared to patients with early stages (I+II), showed higher serum concentrations of CEA, IL-6 and CRP and lower levels of
sVAP-1, but the differences were not statistically significant except
for CEA (p = 0.0003). When the group of colorectal cancer patients
was divided into two subgroups according to the T status of the
primary tumour, it could be observed that subjects in the (T3-4)
subgroup showed significantly lower serum levels of sVAP-1 (p <
0.03), significantly higher IL-6 (p < 0.03), CRP (p < 0.02), AAG (p <
0.03) and HAP (p < 0.03) than the (T1-2) subgroup patients, with
no significant differences in serum CEA concentrations. However,
patients with advanced stages of disease (T3-4) exhibited more
often elevated CEA concentration: 35% vs. 11.5% (p = 0.04). There
were no significant differences of sVAP-1, IL-6, CRP, AAG or HAP
serum levels between the subgroups of patients identified according to the spread of cancer to lymph nodes (N0 vs. N1-3), but the
serum concentrations of CEA were significantly higher (p = 0.0003)
in individuals with metastases to lymph nodes. No relationship
between the degree of histological differentiation (grading) and
the serum level of sVAP-1 was observed in the studied group of
patients. Subjects with the G2 or G3 tumour grade had significantly
higher serum IL-6 (p = 0.0321) and CRP (p = 0.0069) concentrations
as compared to the G1 subgroup of patients. We observed that
in the colorectal cancer patients, the drop of sVAP-1 serum level
was associated with an increase of IL-6 concentration and the tumour stage (Figure 2-3). When the studied group of patients was
divided into two subgroups according to the CEA level, subject
with CEA concentration exceeding 5.0 μg/L exhibited significantly
higher serum levels of CRP (p = 0.0168), alpha-1-acid glycoprotein
(p = 0.0342) and haptoglobin (p = 0.0245) and a trend towards
decreased sVAP-1 concentrations. Reduced sVAP-1 levels were
observed in 70.3% of patients with CEA levels exceeding 5 μg/L,
whereas in individuals with lower levels of CEA the percentage was
57.9%. In 35 (27.8%) patients, the disease recurred within 3 years of
surgery. In 74% (26/35) patients distant metastases were detected,
in 2.8% (1/35) local recurrence and in 22.8% (8/35) both distant
metastases and local recurrence. In the group of metastatic and/or
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Figure 2. Relationship between IL-6 level and sVAP-1 concentration in patients
with colorectal cancer.

Figure 4. Percentage of pathological CEA and/or sVAP-1 results in patients with
CRC according to disease progression.

Figure 3. Relationship between stage of disease and sVAP-1 concentration in
patients with colorectal cancer.

local recurrence patients, significantly higher CEA (p = 0.002) concentrations were observed in the absence of significant differences
in the other parameters tested in comparison to patients without disease progression. In patients with progression compared
to non-relapsing patients, the percentage of elevated CEA results
was 57.1% (20/35) vs. 19.8% (18/91) and percentage of decreased
concentrations of sVAP-1 was 70.3% (23/35) vs. 58.2% (53/91). In
the group of metastatic patients, the percentage of elevated CEA
and/or decreased sVAP-1 concentrations was significantly higher
than in those without progression (Figure 4).
The log-rank test showed statistically significant differences
regarding the duration of disease-free survival between the
groups of patients separated due to the concentrations of CEA
and sVAP-1. As shown in Figure 5, 3-year DFS of the patients with
pretreatment levels of CEA ≥ 5 μg/L was significantly lower than
the patients with pretreatment levels of CEA < 5 μg/L (47.4% vs.
82.9%, p = 0.00005). 3-year DFS of patients with pretreatment
concentrations of sVAP-1 ≤ 185 μg/L was significantly lower than
the patients with pretreatment concentrations of sVAP-1 > 185
μg/L (59.4% vs. 77.4%, p = 0.0378) (Figure 6).
Discussion
Tumour-bearing hosts develop both local and systemic respons220

Figure 5. Kaplan-Meier DFS curves for CEA levels.

Figure 6. Kaplan-Meier DFS curves for sVAP-1 levels.
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es with changes in concentrations of acute phase proteins. The
most important stimulators of their synthesis are cytokines (especially interleukins 1 and 6) released by the activated cells of
immune system [11]. The colorectal cancer patients presented
with elevated serum concentrations of IL-6 and all the studied
positive acute phase proteins, i.e. CRP, alpha-1-acid glycoprotein
and haptoglobin. These proteins differ considerably with regard
to their role in immune response. The main function of C-reactive
protein is the removal of foreign antigens from the body, dead
cells and chromatin fragments derived from damaged cells. There
is a large body of evidence implicating that alpha-1-acid glycoprotein, apart from its immunosuppressive properties, inhibits
blast transformation of lymphocytes, chemotaxis of monocytes
and phagocytosis, while haptoglobin binds extracellular haemoglobin. Neutrophils possess specific binding sites for haptoglobin,
which suggest a modulatory role for this protein in the immune
response [12, 13, 14]. Elevated serum concentrations of IL-6, CRP,
AAG, and haptoglobin were found in patients with cancer localised in the region of head and neck, lung, ovary, breast and
gastrointestinal tract including colorectal cancer [15, 16, 17, 18].
In the studied group of colorectal cancer patients, an elevated
serum concentration of IL-6 was observed in 59.5% of individuals
and increased levels of CRP, AAG, and HAP in 44.8%, 28.2%, and
7.2% of subjects, respectively.
There is only few data available in the literature regarding the relationships between the serum sVAP-1 level and the inflammation
markers in patients with cancer. Koutroubakis et al. did not report
any significant relationship between the concentration of sVAP-1
and the levels of C-reactive protein, albumin, haemoglobin or the
value of erythrocyte sedimentation rate (ESR) [19]. Otherwise, in
the present study we found that there were significant negative
relationships between the serum concentrations of sVAP-1 and
the levels of CRP, alpha-1-acid glycoprotein and haptoglobin in
colorectal cancer patients. Moreover, we observed that an increase
in the serum level of IL-6 was associated with a significant drop in
the sVAP-1 concentration.
Recent research demonstrated that in many tumours, including colorectal cancer, a better prognosis is associated with the
presence of tumour-infiltrating lymphocytes (TIL), predominantly CD8+, both in the invasive margin and the stroma. As it was
shown, TILs express cytotoxic activity against tumour cells [1].
VAP is one of the human endothelium adhesion molecules, which
supports lymphocytes binding to high endothelial venules in
lymph nodes. Compared to other adhesion molecules, vascular
adhesion protein 1 has unusual properties. Not only does VAP-1
mediate the binding of lymphocytes to the endothelium and
control their migration to the sites of inflammation, but also expresses an enzymatic activity of semicarbazide-sensitive amine
oxidase (SSAO) [20]. According to Kurkijarvi et al., sVAP-1 accounts
for most or even all of the amine oxidase activity in blood serum
[21]. As reported by Salmi et al., VAP-1 oxidatively removes primary amine groups presented on the lymphocyte surface, with
a simultaneous release of biologically active agents: hydrogen
peroxide and ammonia [7]. Enhanced expression of VAP-1 was
observed in patients suffering from synovitis, hepatitis, allergies

or inflammatory bowel diseases [19, 22, 23]. Unlike colorectal liver
metastases, VAP-1 expression in endothelium of hepatocellular
carcinoma was found to be pronounced [24].
We observed significantly lower serum levels of sVAP-1 in colorectal cancer patients in comparison with healthy controls. The cutoff value for sVAP-1 was determined as 252 μg/L, using serum
samples from healthy individuals (control group). In more than
60% of the studied patients, the serum level of sVAP-1 was below
the cut-off value. Toiyama et al. reported that the mean serum
concentration of sVAP-1 in healthy individuals was 118.04 μg/L,
whereas in our study the concentration was 364.1 μg/L, which
was similar to those reported by Koutroubakis et al. – 344.7 μg/L
[19]. In one of the first studies on the activity of amine oxidase in
tumour-bearing patients, Lewinsohn demonstrated significantly
lower activity of this enzyme in subjects with neoplasms when
compared to healthy subjects [25]. Yasuda et al. and Toiyama et
al. independently showed that serum levels of sVAP-1 in patients
suffering from stomach or colorectal cancer were elevated compared to healthy controls [26, 27]. The results of our study are
in compliance with the results of Lewinsohn. Recently, Ward et
al. also reported that circulating sVAP-1 levels are significantly
lower in patients with colorectal cancer compared to controls.
Moreover, their data suggest that VAP-1 is downregulated in human CRC because they did not detect VAP-1 in primary tumour
endothelial cells isolated from CRC [28]. A drop in sVAP-1 level
in colorectal cancer patients could be considered as predictive
factor of lymph node or liver metastases [27]. We observed that
patients with lymph node metastases had lower concentrations
of sVAP-1 in serum than patients without nodal metastases, but
this relationship was statistically insignificant.
Yasuda et al. and Weston et al. independently demonstrated
that in patients with stomach or colorectal cancer low sVAP-1
concentrations were associated with a worse prognosis [26, 29].
Similar observations were made by Forster-Horvath et al. on skin
melanoma patients in whom a reduced survival was related to low
expression of VAP-1 in the tumour vessels [30]. On the other hand,
Kurkijarvi et al. observed high expression of VAP-1 in hepatocellular carcinoma [8]. Although the exact role of VAP-1 in the
microenvironment of liver cancer is unclear, but the suggestion
that it can modulate the immune response and contribute to the
tumour neovascularization due to the enzymatic activity, seems
probable. According to Toiyama et al., serum concentration of
sVAP-1 in colorectal cancer patients decreases with the progression of the disease and was associated with poor prognosis [27].
Our results confirmed this opinion. Patients with T3 or T4 tumours
presented with significantly lower serum sVAP-1 concentrations
than patients with an early stage cancer, T1 or T2. In the present
study, sVAP-1 serum concentrations were significantly correlated
negatively with the tumour advancement. Furthermore, reduced
serum levels of sVAP-1 were observed in as many as 70.3% patients
with CEA concentration exceeding 5 μg/L.
The opinions regarding the significance of the elevated preoperative level of CEA as a predictive factor in patients with colorectal
cancer are ambiguous [31, 32, 33]. While Kirat et al. report that
CEA concentrations above 5 μg/L have no significant predictive
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value, the most researchers agree that in patients with colorectal
cancer, the serum CEA concentration exceeding this cut-off value
can be considered as an unfavourable prognostic factor included
in the first group of factors [31, 33, 34, 35, 36].
The occurrence of metastases, both local and distant after radical surgical treatment of colorectal cancer, is observed in approximately 30-55% of patients [37]. The most of them are found
in the first four years after surgery [38]. The results of our study
are consistent with these reports. After 3 years from the time of
surgery, the presence of local recurrence or distant metastases
was detected in 27.8% of patients. In these patients compared
to non-metastatic group significantly higher both the concentration and percentage of elevated CEA results were observed. In our
study, the time to metastases in patients with CEA concentrations
above 5 μg/L before surgery was significantly shorter than in
the remaining patients. As mentioned above, in patients with
malignant tumours, decreased sVAP-1 concentrations indicate
a worse prognosis of patients [26, 29, 30]. In our study patients
with decreased sVAP-1 concentration, compared to the others,
had significantly shorter disease-free survival. In patients with
confirmed disease progression, the percentage of elevated CEA
and/or decreased sVAP-1 levels was 88.6% and was statistically
significantly higher than in those without progression. It seems
that complementary to the CEA determination of sVAP-1 before
surgery in patients with colorectal cancer may contribute to the
selection of a group of patients particularly at risk of relapse.
Poor histological differentiation of the tumour is also regarded
as one of the unfavourable prognostic factors [34]. In the studied
group of patients, most subjects were diagnosed with the grade G2
(101/126), while only 14 patients with G1 and 11 with G3. This may
be the reason why the relationships between the analyzed biochemical parameters and histological grade were difficult to assess.
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