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ABSTRACT

INT RODUCT IO N : Chemerin is an adipokine, whose pro-inflammatory and carcinogenesis-related properties have recently been emphasized. The aim of this study was to examine the concentrations of chemerin in the serum and saliva of
healthy subjects and patients with colorectal cancer (CRC) in II and III stage of TNM (tumor, node, metastasis) classification as well as to assess the relationship between the results and the clinical and pathological parameters.
MAT E RIAL AN D M E T H O D S : 52 persons were qualified to the study, divided into two equal groups – control and study
with cancer in stage II N0 and in stage III N+ according to TNM classification. Inside the groups, subgroups of persons
with normal body weight 18.5 ≤ BMI < 25 and obese and overweight persons with a BMI ≥ 25 were distinguished.
Serum and saliva chemerin concentrations were determined by immunoenzymatic methods.
RE S ULT S : The median concentrations of chemerin were significantly higher in the study group as compared to the
control group both in serum (384.36 ng/ml vs. 170.53 ng/ml) and saliva (15.45 ng/ml vs. 4.57 ng/ml; p < 0.0001). In the
subgroups with a BMI above and below 25, we found no significant differences in the concentrations of chemerin either
group. There were no significant differences in the levels of chemerin in the serum or saliva between stage II and III
stage of TNM (p = 0.82 and p = 0.52).
CONCL US ION S : The assessment of serum and saliva chemerin concentrations in patients with CRC suggests that
chemerin may be a valuable biomarker for early diagnosis of CRC. The influence of BMI on the results seems to be
insignificant in patients with CRC. It seems that in some cases an easily accepted saliva test can replace a serum one.
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STRESZCZENIE
W S T ĘP : Chemeryna jest hormonem wydzielanym przez adipocyty. W ostatnim czasie zwraca się uwagę na jej właści-

wości prozapalne i związane z karcynogenezą. Celem pracy było zbadanie stężeń chemeryny w surowicy i ślinie osób
zdrowych oraz chorych z rakiem jelita grubego (RJG) w II i III stopniu zawansowania według klasyfikacji TNM (tumor,
node, metastasis), a także ocena związku uzyskanych wartości z otyłością oraz wybranymi parametrami kliniczno-patologicznymi.
MAT E RIAŁ I M E TO D Y: Do badania zakwalifikowano 52 osoby, które podzielono na dwie równe grupy – kontrolną
i badaną z nowotworem w II stopniu zaawansowania z cechą N0 oraz w III stopniu z cechą N+ według klasyfikacji
TNM. Wewnątrz grup wyróżniono podgrupy osób o prawidłowej masie ciała (18,5 ≤ BMI < 25) oraz osoby otyłe
i z nadwagą (BMI ≥ 25). Stężenia chemeryny w surowicy i ślinie oznaczano metodami immunoenzymatycznymi.
W Y NIKI: Mediany stężeń chemeryny były istotnie wyższe w grupie badanej w porównaniu z grupą kontrolną, zarówno
w surowicy (384,36 ng/ml wobec 170,53 ng/ml), jak i ślinie (15,45 ng/ml wobec 4,57 ng/ml; p < 0,0001). W żadnej
grupie w podgrupach z BMI powyżej i poniżej 25 nie znaleziono istotnych różnic w stężeniach badanej adipokininy.
Nie odnotowano również istotnych różnic stężeń chemeryny w surowicy i ślinie między nowotworami w II i III stopniu
zaawansowania TNM (p = 0,82 i p = 0,52).
W NIOSKI: Ocena stężeń chemeryny w surowicy i ślinie u pacjentów z RJG sugeruje, że badana adipokina może być
cennym biomarkerem wczesnej diagnostyki tego nowotworu. Wpływ BMI na uzyskane wyniki stężeń w surowicy
i ślinie wydaje się nieistotny u chorych z RJG. Wydaje się, że w pewnych przypadkach łatwo akceptowane przez chorych
badanie śliny może zastąpić badanie surowicy.
S Ł O WA K L U C Z O W E

rak jelita grubego, otyłość, biomarker nowotworowy, chemeryna

INTRODUCTION
Colorectal cancer (CRC) is the most common gastrointestinal malignant tumour; it is the second and third
most common malignancy in men and women, respectively [1]. Its development is associated with age and
an unhealthy lifestyle, and in some cases with specific
genetic factors. The risk factors also include inflammatory bowel disease (IBD).
Obesity is a state of excess body fat. The increase in
prosperity, changes concerning working life, and new
habits in eating and spending free time have also led to
a growing obesity problem in Poland. An excessively
calorific diet, apart from the process of population ageing, are the main reasons for the constant increase in the
number of CRC cases. Obesity is also accompanied by
an increase in cancer-related mortality [2,3].
Fat, apart from storing energy, acts as an endocrine
organ, synthesising and releasing many biologically
active substances into circulation. In recent years, the
contribution of fat to carcinogenesis has been intensively studied. Adipokines are active substances produced by adipocyte fat cells. Chemerin is one of the
rather poorly known adipokines, with multi-directional
effects. It affects, among others, the immune system,
energy homeostasis, fat condition and carbohydrate
metabolism regulation, blood pressure, increased insulin resistance, angiogenesis, etc. [4,5,6]. Recently, there
have been papers indicating chemerin as a promising
CRC marker [7,8,9]. In addition, other studies have also
shown elevated serum chemerin concentrations in other
types of cancer [5,10,11]. Elevated serum chemerin
has also been reported in many inflammatory diseases,
including IBD [7,12].

12

With the increasing incidence of CRC, there is an
urgent need to search for new diagnostic, prognostic
and predictive factors based on which new diagnostic
tests can be developed for early diagnosis, the correct
prognosis of the course as well as the possibility of proposing optimal, individualised treatment to the patient.
This study aims to investigate the serum and saliva
chemerin concentrations in obese and overweight patients in addition to patients with normal body weight
with stage II (pT3-4N0M0) and stage III CRC (pT1-4N+M0) according to the TNM (tumor, node, metastasis) classification, to compare the above results with
chemerin concentrations in healthy subjects, and then
evaluate the correlation of these results with selected
anthropometric traits, age, selected laboratory tests and
pathological features of this cancer.
M AT E R I A L A N D M E T H O D S
The study included two groups of patients (n = 52)
aged over 50. The study group (B) consisted of patients
operated on in the general surgery ward (n = 26) with
invasive, histopathologically confirmed CRC, with no
metastases to the liver in preoperative imaging, confirmed with an intraoperative examination (15 women,
11 men; mean age 67.4 (51–91)). The control group (K)
included healthy outpatient volunteers (n = 26) with no
pathological lesions revealed during colonoscopy,
no history of cancer or serious inflammatory diseases
(15 women, 11 men; mean age 64 (50–83)). In group K,
patients with chronic diseases (except diabetes and
hypertension) were excluded from the study. Patients
previously treated for other types of cancer and IBD
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were also excluded. The age of the subjects, their sex,
including the percentage distribution, median in addition to the first and third quartiles, are shown in Table I.
Within groups B and K, subgroups of patients with
normal body weight (18.5 ≤ BMI < 25) as well as obese
and overweight patients (BMI ≥ 25) were distinguished.
The study was carried out with prior approval of the
Ethics Committee, No. KW/0022/KBI/42/14/16/18. All
the patients agreed to participate in the study.
Table I. Age of subjects in control group (K) and study group (B) divided by
sex, median, first (Q1) and third (Q3) quartiles
Tabela I. Wiek grupy kontrolnej (K) i badanej (B) z podziałem na płeć, udziałem procentowym, w postaci mediany, pierwszego (Q1) i trzeciego (Q3)
kwartylu
Group
K
B

Sex

N-number

%

Median

Q1

Q3

M

11

42.31

61.00

54.00

70.00

F

15

57.69

67.00

57.00

72.00

F

15

57.69

70.00

67.00

76.00

M

11

42.31

65.00

57.00

73.00

M – male, F – female

The analysis of groups K and B was based on clinical,
laboratory and imaging studies. The anthropometric

characteristics, age and laboratory results of groups K
and B as well as the comparison of the groups, are presented in Table II. The pathological characteristics of
group B are presented in Table III.
Analytical methods
Before surgery or in connection with the necessary laboratory tests, 5 ml of blood was collected from
the basilic vein of each studied patient. Then, after
coagulation,centrifugation and removal of the clot, the
obtained sera were collected for further assays. The
collected material was stored at -80°C.
Salivette swabs were used for saliva collection. The patients refrained from eating and drinking for 20 minutes before the collection. Then, after rinsing the mouth,
they intensively chewed the swab for about three minutes. Next, the swab was closed and centrifuged as standard. The collected material was stored at -80°C.
Determination of chemerin concentration
The concentrations of chemerin in the blood serum
and saliva were determined using the immunoenzymatic method with a Bio-Vendor LLC test (BioVendor

Table II. Age, anthropometric characteristics, results of basic laboratory serum tests in groups K and B with group comparison
Tabela II. Wiek, charakterystyka antropometryczna, wyniki podstawowych badań laboratoryjnych w surowicy grup K i B z porównaniem grup
Variable

K

B

p

Median

Q1

Q3

Median

Q1

Q3

Age (years)

64.00

57.00

71.00

68.50

61.00

74.00

0.19

Height (cm)

170.00

164.00

174.00

167.00

161.00

176.00

0.48

Body weight (kg)

73.00

68.00

80.00

74.50

65.00

85.00

0.86

BMI (kg/cm²)

24.89

23.26

27.89

25.89

23.26

28.73

0.72

Haemoglobin (g/dl)

14.15

13.60

15.10

11.90

10.50

12.80

0.00

WBC (thousand/µl)

7.39

6.10

8.71

8.15

6.35

9.90

0.15

Neutrophils (thousands/µl)

3.96

3.18

5.00

6.30

4.83

7.79

0.00

Lymphocytes (thousands/µl)

1.82

1.40

2.90

1.39

1.01

1.75

0.01

271.00

236.00

347.00

305.50

213.00

418.10

0.76

2.35

1.40

3.60

3.70

2.55

15.80

0.01

PLT (thousands/µl)
CEA (ng/ml)
NLR

2.17

1.66

2.55

4.20

2.92

5.83

0.00

PLR

147.80

110.86

187.80

196.94

168.00

312.50

0.02

Table III. Pathological characteristics of group B
Tabela III. Charakterystyka patologiczna grupy B
Feature

Value

Cancer site (laterality)

Right colon: 14: (53.85%)
Left colon and rectum: 12: (46.12%)

T – primary tumour size

T1: 0; T2: 3 (11.54%); T3: 19 (73.08%); T4: 4 (15.38%)

N – regional lymph node status

N0: 10 (38.46%); N1: 6 (23.08%); N2: 10 (38.46%)

M – metastases

M0: 26 (100%); M1: 0

TNM classification

IIA: 8 (30.77%); IIB: 2 (7.69%); IIIA: 2 (7.69%); IIIB: 10 (38.46%); IIIC: 4 (15.38%)

Astler-Coller classification

B2: 8 (30.77%); B3: 1 (3.85%); C1: 3 (11.54%); C2: 14 (53.85%)

13

ANN. ACAD. MED. SILES. (online) 2021; 75: 11–17

– Laboratorní medicína a.s. Czech Republic) cat. RD
191136200R, according to the manufacturer’s instructions. To determine the concentrations in the tested
samples, a calibration curve was prepared using the
standards included in the kit.
Absorbance readings were taken with a BIO-TEK
INC. µQuant Universal Microplate Spectrophotometer
(Bio-Tek World Headquarters, California, USA) at
450/630 nm and the results were processed with the
KCJunior computer program (Bio-Tek, USA). The
sensitivity of the set was 0.01 ng/ml, the intra-assay
error was 5.1%, and the extra-assay error was 8.3%.
Statistical methods
The obtained results were analysed statistically. The
distribution of the quantitative variables was assessed
using the Shapiro-Wilk test. The data was presented as
a median with interquartile spacing due to the abnormal distribution of the examined variables. The Mann-Whitney U test was used to compare variables between
groups. The links between the variables were evaluated
using Spearman’s rank correlation coefficient. The statistical analysis was conducted using STATISTICA 13
(Tibco software). Values of p < 0.05 were regarded as
statistically significant.
R E S U LT S
The studied groups B and K were homogeneous in
terms of age, basic anthropometric parameters (height,
body weight and BMI). Significant differences were observed in part of the laboratory tests (haemoglobin concentration, CEA, neutrophil count, lymphocyte count,
NLR and PLR) – see Table II.
Of the 26 patients in group B, 14 (53.85%) had a tumour located in the right colon and 12 (46.12%) in the
left colon or rectum. In group B, according to TNM
classification, 10 patients (38.46%) had stage II, and 16
(51.54%) stage III CRC (Table III). The median concentrations of chemerin were significantly higher in
group B compared to group K both in the serum
(384.36 ng/ml versus 170.53 ng/ml) and saliva
(15.45 ng/ml versus 4.57 ng/ml; p < 0.0001), as shown
in Table IV.
No differences were found in the subgroups of groups
K and B of patients with normal BMI < 25, overweight,
and obese BMI ≥ 25 (Tables Va, Vb).
In the analysed pathological parameters, no statistically
significant difference was found between TNM stages
II and III and the tumour site and serum and saliva chemerin concentrations. The results of the correlation analysis are summarised in Tables VIa and VIb.
DISCUSSION
Chemerin is one of the adipokines produced mainly
by adipocytes, fat stromal cells, the liver and placenta.
Its high expression has also been found in the lungs,

14

pancreas, kidney, skin, skeletal muscles, adrenals, heart,
thymus, and brain [3]. It is synthesised on chromosome
7, as a 163 amino acid prepropeptide, i.e. preprochemerin, transformed into inactive 18-kDa prochemerin,
then by proteases into an active 16-kDa protein. Chemerin plays an important role in the processes of innate and acquired immunity, exerting pro-inflammatory
effects [12,14].
Our results showed significant differences in the concentration of chemerin, which were significantly lower in group K in comparison to the CRC patients in
group B, both in serum and saliva (p < 0.0001). The
median values of chemerin in serum and saliva were
lower in group K compared to group B; in serum, it was
170.53 ng/ml versus 384.36 ng/ml and saliva 4.57 ng/ml
versus 15.45 ng/ml, respectively. This indicates the
relevance of chemerin concentration determination as
a diagnostic marker of CRC. Similar results concerning
serum were found in other studies [7,8,9]. In a study
on a large group of patients, Eichelmann et al. [9] demonstrated that higher concentrations of chemerin were
associated with a higher risk of CRC, with a risk factor
of HR = 1.81 (95% CI, 1.08–3.05; P = 0.007). In the study by Alkady et al. [8], a progressive increase in chemerin serum concentrations was observed along with tumour progression; the greatest difference was between
TNM stages I and II (275.2 ± 58.7 ng/ml versus 365 ±
34.6 ng/ml). The difference between TNM stage II and
III is 365 ± 34.6 ng/ml versus 407.4 ± 21.8 ng/ml. Using
the cut-off value ≥ 161.5 ng/ml, the researchers found
that the serum chemerin showed 100% sensitivity and
100% specificity for CRC [8]. The selection of patients
for the control group was similar to ours, although diabetes patients were excluded. In another study, no correlation was found with TNM staging (p = 0.063) [7].
In addition, Eichelmann et al. [9] demonstrated that the
risk of CRC in patients with elevated serum values is
greater for the colon than for the rectum and greater still
for the proximal segment of the colon. In our study, we
did not find any significant differences between tumours
in the initial stage of development and locally advanced
tumours without metastases, i.e. between TNM stage II
(IIA, IIB) and III (IIIA, IIIB, IIIC) in serum and saliva
(p = 0.82 and p = 0.52).
Numerous epidemiological studies show a positive correlation between obesity and an increased risk of colorectal, breast, ovarian, prostate, and endometrial cancer
[4]. Earlier studies on larger groups of patients showed
that chemerin is correlated with BMI, waist circumference, diet, insulin resistance, blood pressure and circulating triglycerides. However, this effect was not as
pronounced compared to carcinogenesis [6,15,16,17].
In our study, in the subgroups with a BMI above and below 25, we found no significant differences in the concentrations of the tested adipokine in groups K and B.
Height, body weight and BMI did not affect the results.
Hence, no correlation was found in the subgroups of
group B with the TNM classification.
It appears that the lack of correlation between the TNM
classification and chemerin concentrations as well as the
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Table IV. Serum and saliva chemerin concentrations in groups K and B
Tabela IV. Stężenia chemeryny w surowicy i ślinie grup K i B
Variable

K

B

p

Median

Q1

Q3

Median

Q1

Q3

Serum chemerin concentration (ng/ml)

170.53

164.92

177.38

384.36

298.16

474.05

0.00

Saliva chemerin concentration (ng/ml)

4.57

2.90

5.29

15.45

10.21

20.07

0.00

Table Va. Correlation of serum and saliva chemerin concentrations in group K subgroups with BMI < 25 and BMI ≥ 25
Tabela Va. Korelacja stężeń chemeryny w surowicy i ślinie w podgrupach K z BMI < 25 i BMI ≥ 25
Variable

BMI < 25

BMI ≥ 25

p

Median

Q1

Q3

Median

Q1

Q3

Serum chemerin concentration (ng/ml)

169.43

164.92

174.38

172.39

165.41

178.31

0.45

Saliva chemerin concentration (ng/ml)

3.46

2.45

5.11

4.88

4.11

5.61

0.14

Table Vb. Correlation of serum and saliva chemerin concentrations in group B subgroups with BMI < 25 and BMI ≥ 25
Tabela Vb. Korelacja stężeń chemeryny w surowicy i ślinie w podgrupach B z BMI < 25 i BMI ≥ 25
Variable

BMI < 25

BMI ≥ 25

p

Median

Q1

Q3

Median

Q1

Q3

Serum chemerin concentration (ng/ml)

417.25

298.16

496.71

312.84

276.51

474.05

0.54

Saliva chemerin concentration (ng/ml)

15.41

11.29

16.59

17.65

9.75

21.08

0.88

Table VIa. Correlation of stage II and III of TNM tumour classification with serum and saliva chemerin concentrations
Tabela VIa. Korelacja klasyfikacji II i III stopnia zaawansowania guza wg TNM ze stężeniem chemeryny w surowicy i ślinie
Variable

II
Median

Q1

III
Q3

Median

Q1

Q3

p

Serum chemerin concentration (ng/ml)

384.36

306.57 496.71

384.69

282.75

473.08

0.52

Saliva chemerin concentration (ng/ml)

16.18

10.21

14.89

10.36

19.95

0.82

20.07

Table VIb. Correlation of tumour in left colon (L), right colon and rectum (P) with serum and saliva chemerin concentrations
Tabela VIb. Korelacja lokalizacji guza lewej części okrężnicy (L) i prawej części okrężnicy z odbytnicą (P) ze stężeniem chemeryny w surowicy i ślinie
Variable

L
Median

Q1

R
Q3

Median

Q1

Q3

p

Serum chemerin concentration (ng/ml)

384.10

302.54 496.71

407.35

271.42

473.08

0.82

Saliva chemerin concentration (ng/ml)

16.46

10.21

13.83

10.17

17.15

0.18

21.08

lack of correlation with the examined anthropometric
indices results, among others, from the small number of
studied patients. When analysing our and other control
groups in studies on chemerin, patients with IBD and/or
other inflammatory diseases were excluded. Serum chemerin levels are also increased in many inflammatory
diseases, including IBD. Nonetheless, when comparing
concentrations of chemerin in IBD with CRC, the latter
values were significantly higher than in IBD; hence, it
seems that they will not distort the results in the case of
extensive research on the use of chemerin as an early
diagnostic marker of CRC [7,12,15]. Notwithstanding,
higher serum chemerin concentrations are not only associated with carcinogenesis but also with age, metabolic syndromes, obesity, insulin resistance, and inflammatory diseases. In the case of high concentrations in

CRC, the influence of these factors on the results does
not appear to be very significant [7,9].
The compared group of CRC patients was characterised
by a lower blood haemoglobin concentration compared
to group K. Anaemia is a frequent symptom of CRC,
especially if the right colon is affected. The compared
commonly used marker – the carcinoembryonic antigen (CEA) is used primarily to detect cancer recurrence after colorectal surgery. This marker is not CRC
specific and has limited clinical use. In our study, the
median in patients in group B significantly increased,
but since CEA is much less sensitive to the early stages
of the disease and the sensitivity and specificity of this
marker are too low, it is unfortunately not used for
early diagnosis of CRC [18]. The groups did not differ
significantly in the number of white blood cells. Still,
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a clear increase in the neutrophil count and decrease in
lymphocyte count were observed in group B (p < 0.000,
p = 0.01) and the associated statistically significant differences in NLR and PLR indices (p < 0.000, p = 0.02),
but PLR was not affected by a small, statistically insignificant increase in the platelet count. The process
of carcinogenesis is associated with different activities of neutrophils and lymphocytes. Neutrophilia and
lymphopenia are associated with bacterial infections,
some chronic diseases and tumours [19,20]. Research
is being conducted on changes in the bacterial intestinal
flora in CRC to explain the relationship of microbiota
with the status of the immune system, chronic intestinal
inflammation and cancer development.
In oncology, attempts are being made to use saliva to
determine the concentration of markers of some types
of cancer, including oral, colorectal, gastric, breast, and
ovarian cancer [21,22,23,24].
In the last decade, saliva testing has increasingly replaced some routine diagnostic tests. There are several advantages to this approach, including the ease of
obtaining the test material, the possibility of repeated

daily collection, the easy acceptance of a painless test
and better analysis of the concentration of substances
whose levels are affected by the stress of blood collection. Under certain conditions, an examination of saliva
could replace a serum test, especially in patients with
contraindications or impediments to blood collection.
The replacement of serum tests in patients with saliva
tests, in addition to the possibility of frequent repetitions accepted by the patient, is associated with lower
test costs [24].
CONCLUSIONS
To sum up, chemerin can be a valuable CRC biomarker.
A simple saliva and/or serum chemerin concentration
test can support early diagnosis of CRC. The influence
of BMI on the results seems to be insignificant in CRC
patients. Nevertheless, the relationship between chemerin and cancer is not yet fully understood, nor its diagnostic significance; therefore research on this adipokine
will continue.
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