Clinical research

Stem cell factor in the serum of patients with
esophageal cancer in relation to its histological types

Marta tukaszewicz-Zajac?, Barbara Mroczko?3, Mirostaw Koztowski*, Maciej Szmitkowski'?

'Department of Biochemical Diagnostics, Medical University of Bialystok, Bialystok,
Poland

’Department of Biochemical Diagnostics, University Hospital in Bialystok, Bialystok,
Poland

*Department of Neurodegeneration Diagnostics, Medical University of Bialystok,
Bialystok, Poland

‘Department of Thoracic Surgery, Medical University of Bialystok, Bialystok, Poland

Submitted: 23 September 2015
Accepted: 3 November 2015

Arch Med Sci 2017; 13, 6: 1357-1364
DOI: 10.5114/a0ms.2016.61695
Copyright © 2016 Termedia & Banach

Abstract

Introduction: Hematopoietic growth factors (HGFs), such as stem cell factor
(SCF), may stimulate proliferation and differentiation of hematopoietic pro-
genitor cells. Stem cell factor is also able to affect the growth of malignant
tumors, including esophageal cancer (EC). The prognosis of EC patients’ sur-
vival is still unfavorable. Thus, novel biomarkers are necessary to improve
the diagnosis and prognosis of EC patients. The aim of this study was to
determine the serum SCF concentrations in EC patients in relation to its
histological types and compare these levels with the classical tumor marker
- carcinoembryonic antigen (CEA).

Material and methods: The study included 56 EC patients and 65 healthy
controls. Serum SCF and CEA concentrations were measured using immu-
noenzyme assays. Moreover, diagnostic criteria of both proteins tested and
the survival of EC patients were assessed.

Results: The serum SCF concentrations were lower in EC patients compared
to healthy controls, but the difference was not significant, whereas CEA lev-
els were higher in EC patients than in healthy subjects. The serum SCF con-
centrations were significantly higher in patients with adenocarcinoma of the
esophagus (AC) than in patients with esophageal squamous cell carcinoma
(ESCC). Moreover, the diagnostic sensitivity of SCF (88%) was higher than for
CEA (29%) and increased for combined analysis of SCF with CEA.
Conclusions: Our findings suggest the potential role of serum SCF in the
diagnosis of EC patients, especially in combination with the classical tumor
marker. However, due to the non-specific nature of SCF, this issue requires
further investigations performed on a larger population of EC patients.
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Introduction

Esophageal cancer (EC) is an aggressive malignant tumor of the gas-
trointestinal tract. Esophageal squamous cell carcinoma (ESCC) and ad-
enocarcinoma of the esophagus (AC) are the most common histological
types of EC. The pattern of EC has changed in the Western population,
and AC has become the most common type of this malignancy. This may
be explained by the increased prevalence of obesity and gastroesopha-
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geal reflux disease (GERD) in Western countries
[1-5]. The prognosis of EC patients’ survival is still
poor due to late diagnosis, biological features of
the tumor and lack of early symptoms of the dis-
ease. The routine methods, such as endoscopic
ultrasonography or computed tomography (CT)
have a limited usefulness in early detection of EC,
especially in the diagnosis of microscopic lymph
node metastases [6, 7]. Therefore, other diagnos-
tic and prognostic biomarkers, including readily
available biochemical markers of esophageal neo-
plasms, are necessary to improve the diagnosis of
patients with this malignancy.

Hematopoietic growth factors (HGFs) are cyto-
kines which are able to induce proliferation and
differentiation of hematopoietic progenitor cells.
However, these small peptides might also be in-

Table 1. Characteristics of esophageal cancer pa-
tients (EC)

Group tested Number of
patients

Group:

Esophageal cancer (EC) 56

Control group 65
Gender:

Male 44

Female 12
Type of cancer:

Adenocarcinoma (AC) 23

Planoepitheliale (ESCC) 33
TNM stage:

I+l 15

I 30

v 11
Depth of tumor invasion (T factor):

T1+T2 12

T3 27

T4 17
Nodal involvement (N factor):

NO 15

N1 41
Distant metastases (M factor):

MO 45

M1 11
Differentiation of tumor:

Well-differentiated — G1 11

Moderately differentiated — G2 26

Undifferentiated — G3 18

volved in the regulation of growth and spread of
malignant tumors [8]. Some clinical investigations
have indicated that several HGFs might be pro-
duced aberrantly in many malignancies [9]. These
cytokines may also serve as autocrine or paracrine
growth factors [8] as well as indicators of an im-
mune response to the tumors [10]. Additionally,
the receptors for selected HGFs have been found
on nonhematopoietic tumor cell lines [8]. Oka et al.
reported the presence of stem cell factor (SCF)
mRNA in human esophageal cancer cell lines [11].
Moreover, changes in the concentrations of SCF
were observed in the sera of patients with gastric
[12], breast [13], colorectal [14, 15] and pancreatic
[16-18] cancer. However, according to our knowl-
edge, this is the first study assessing the serum
SCF concentrations in relation to its histological
types (ESCC and AC) in comparison to serum levels
of the classic tumor marker for EC (CEA). In addi-
tion, the association between serum SCF concen-
trations and clinicopathological tumor characteris-
tics as well as survival of EC patients was evaluated.
Moreover, diagnostic criteria, including diagnostic
sensitivity and specificity, and predictive value for
positive (PV_ ) and negative (PV_ ) results for both
proteins tested were calculated. The present report
is the continuation of our previous investigations,
where we assessed the usefulness of selected he-
matopoietic cytokines in the diagnosis of gastroin-
testinal malignancies [12, 14, 15, 18].

Material and methods
Patients

Our inclusion criteria were as follows: 56 pa-
tients with esophageal cancer (44 men and 12 wo-
men, aged 44-81 years) diagnosed by the Oncolo-
gy Group and operated on by the Thoracic Surgery
Unit of the University Hospital of Bialystok. Among
EC patients, 33 subjects suffered from ESCC, while
in 23 patients AC was diagnosed. The microscop-
ic examination of material obtained during biop-
sy and/or surgery as well as barium and chest
radiography; endoscopy of the tracheobronchial
tree, pharynx, larynx and esophagus; computed
tomography as well as magnetic resonance imag-
ing (MRI) examination of the thorax and abdomen
were used for the clinical diagnosis of patients
with EC. All the tumors were staged in accordance
with the tumor-node-metastasis (TNM) classifica-
tion, proposed by the 5t International Union Against
Cancer (UICC) [19]. The control group included
65 healthy volunteers (33 women and 32 men,
aged 21-69 years), and they were recruited from
hospital volunteers organizations. The characteris-
tics of EC patients are presented in Table I.

All subgroups analyzed in the study (patients
with EC, ESCC and AC) were divided into the fol-
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lowing groups: depending on tumor stage (I + Il
1, and IV), depth of tumor invasion (T1 + T2, T3,
and T4), the presence of lymph node metastasis
(NO and N1) and distant metastasis (MO and M1)
as well as histological grade of tumor (G1, G2 and
G3). The present study was approved by the Local
Ethics Committee (R-1-002/442/2010) and all the
patients gave informed consent.

Biochemical analyses

Blood samples from all the patients were drawn
before treatment (Sarstedt, Niimbrecht, Germany)
and stored at —80°C until analysis.

The serum SCF concentrations were mea-
sured using enzyme-linked immunosorbent as-
say kits (ELISA) (R&D Systems, Abingdon, UK)
according to the manufacturer’s instructions.
The intra-assay coefficient of variation (CV%) for
SCF is reported by the manufacturer to be 4.0%
at a mean concentration of 1139 pg/ml with
standard deviation (SD) = 5.5 pg/m. Serum CEA
concentrations were measured using micropar-
ticle enzyme immunoassay kits (MEIA) (Abbott,
Chicago, IL, USA). The intra-assay CV% for CEA as
reported by the manufacturer of the assay kits
is 4.9% at a mean concentration of 2.2 ng/mj|,
SD of 0.11 ng/ml.

The reference cut-off values for SCF (1285.0 pg/
ml) and CEA (4.0 ng/ml) concentrations (the 95"
percentile) corresponded to the highest accuracy
(minimal false-negative and false-positive results)
[12, 14-16, 18].

Statistical analysis

In the preliminary statistical analysis (yx2 test)
the values of SCF and CEA concentrations did not
follow a normal distribution, so nonparametric
statistical analysis was employed. The compari-
sons between two groups were performed by the
Mann-Whitney U-test. For three or more groups,
the one-way ANOVA Kruskal-Wallis test was used.
If significant differences were assessed, the post
hoc Dwass-Steel-Critchlow-Fligner test was used
to determine which groups were different. Data
are presented as median and range. The differ-
ences were considered to be statistically signifi-
cant when p < 0.05. The correlations were deter-
mined by the Spearman method, whereas the
Kaplan-Meier method was used for calculation of
the survival curves. The log-rank test for univari-
ate analyses of survival and the Cox proportion-
al hazards model for multivariate analyses were
employed. In addition, diagnostic criteria, such as
diagnostic sensitivity and specificity, and predic-
tive value for positive (PV_ ) and negative (PV_ )
results of SCF and CEA, were calculated. Statisti-
cal analysis was performed using the Statistica

5.1 PL program (StatSoft Inc., Tulsa, OK, USA), and
for diagnostic criteria MedCalc statistical software
(Mariakerke, Belgium) and Microsoft Office Excel
were used.

Results

The medians and ranges of SCF and classic tu-
mor marker (CEA) concentrations in EC patients
and healthy volunteers are presented in Table II.
The SCF levels were lower in EC patients in com-
parison to healthy controls, but the difference was
not significant, whereas CEA was found to be sta-
tistically significantly higher in EC patients than in
healthy subjects (Table II).

If we consider the histological type of EC, the
serum concentrations of SCF were significantly
higher in patients with AC than in the ESCC sub-
group (Table I1). Similar results were obtained for
CEA levels, but these differences were not statis-
tically significant. Moreover, serum SCF concen-
trations were higher in the early stage of disease
than in stage IV of EC. Opposite results were found
for the assessment of CEA concentrations, where
CEA concentrations in patients with stage Il EC
were significantly higher than those in stage | + |I
tumors (Table II).

In the present study we assessed the SCF and
CEA concentrations in relation to clinicopatho-
logical parameters of EC, such as depth of tumor
invasion, the presence of lymph node and dis-
tant metastases as well as histological grade of
tumor. Serum SCF concentrations decreased with
the depth of tumor invasion (T factor) and were
the lowest in the T4 subgroup, while CEA levels
were higher in T4 patients than in T1 + T2 or T3
subgroups. The serum concentrations of SCF were
higher in patients without the presence of lymph
node (NO) and distance metastases (MO) than in
N1 and M1 subgroups, but these differences were
not significant. The concentrations of CEA were
significantly higher in EC patients with the pres-
ence of lymph node metastases than in the NO
subgroup. Moreover, the serum concentrations
of SCF were the highest in poorly differentiated
tumors (G3), while CEA concentrations were the
highest in the G2 subgroup (Table I1).

Logistic regression analysis indicated that the
serum concentrations of SCF significantly correlat-
ed with age (p = 0.002) of EC patients, while CEA
levels were positively associated with the depth
of tumor invasion (p = 0.044) and tumor size
(p = 0.002).

The diagnostic sensitivity of SCF and the classic
tumor marker in EC patients is presented in Fig-
ure 1. The frequency of increased SCF concentra-
tions (88%) was much higher than for CEA (29%).
The combined use of SCF with CEA in EC patients
increased their diagnostic sensitivity up to 91%
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Table II. Serum concentrations of stem cell factor (SCF) and classic tumor marker (CEA) in esophageal cancer (EC)

patients
Variable SCF [pg/ml] CEA [ng/ml]
Median Range P-value  Median Range P-value
Group tested  Esophageal 1020.1 436.2-1688.2 0.971 2.4 0.4-40.4 < 0.001*
cancer (EQC)
(n=56)
Control group 1029.0 642.0-1812.0 0.9 0.0-2.6
(n=65)
Type of Adenocarcinoma 1072.3 663.1-1688.3 0.022* 2.5 0.4-40.4 0.777
cancer (AQ)
(n=23)
Planoepitheliale 971.3 436.2-1267.3 2.3 0.4-8.5
(ESCO)
(n=133)
TNM stage I+11 1023.8 737.9-1267.3 0.665 1.8** 0.4-3.3 0.020*
(n=15)
1 1029.6 436.2-1688.2 2.9 0.4-40.4
(n=30)
\% 942.3 728.2-1211.1 2.3 0.4-7.8
(n=11)
Depth of T1+T2 1032.5 737.9-1211.1 0.564 1.7 0.4-5.0 0.098
tumor (n=12)
Invasion T3 1016.4 685.2-1688.2 2.5 0.8-40.4
(T factor) (n=27)
T4 982.9 436.2-1420.0 3.1 0.4-23.8
(n=17)
Nodal NO 1023.8 803.9-1267.3 0.875 1.9 0.4-3.3 0.015*
involvement  (n=15)
(N factor) N1 1016.4 436.2-1688.2 2.7 0.4-40.4
(n=41)
Distant MO 1023.8 436.2-1688.2 0.433 2.5 0.4-40.4 0.975
metastases (n=45)
(M factor) M1 942.3 728.2-1211.1 2.3 0.4-7.8
(n=11)
Differentiation G1 1010.6 686.5-1359.4 0.931 1.9 0.5-7.8 0.391
of tumor (n=11)
G2 1016.4 685.2-1688.2 2.6 0.5-40.4
(n=26)
G3 1059.0 436.2-1413.8 2.4 0.4-23.8
(n=18)

*Statistically significant when p < 0.05. **Statistically significant in post hoc Dwass-Steel-Critchlow-Fligner test in comparison with stage Ill

(p =0.013).

(Figure 1). A similar tendency was observed for AC
patients, where the highest values of diagnostic
sensitivity were found for combined use of SCF
with CEA (78%) (Figure 1). The highest diagnos-
tic specificity was observed for CEA in all analyzed
subgroups (EC, ESCC and AC patients). It was like-
wise in the case of the predictive value for pos-
itive (PV, ) results. In EC patients the predictive
value for negative (PV_ ) results of SCF (56%) was
slightly lower than CEA (62%), while in the ESCC
group PV__for SCF (100%) was higher than for the
classical tumor marker (71%).

The relationship between survival of EC pa-
tients and serum concentrations of proteins test-

ed was assessed using the Kaplan-Meier method.
The univariate log-rank analysis showed that the
tumor stage (p < 0.001), tumor size (p = 0.012),
depth of tumor invasion (p = 0.001) and presence
of distant metastases (p < 0.001) were significant
factors affecting overall survival. Multivariate re-
gression analysis with Cox’s proportional hazards
model revealed that only tumor stage (p = 0.020),
tumor size (p = 0.025) and presence of distant
metastasis (p = 0.015) were independent prog-
nostic factors for the survival of EC patients. None
of the proteins tested was found to be an inde-
pendent prognostic factor for EC patients’ survival
(Figure 2).
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Figure 2. Kaplan-Meier survival analysis for stem
cell factor (SCF) concentrations in esophageal can-
cer patients (EC)

Discussion

Hematopoietic growth factors, such as SCF
are produced by many neoplasms and might be
involved in the regulation of growth and spread
of malignant tumors [8]. It was found that sev-
eral cell lines of malignant tumors are capable
of secreting large amounts of HGFs and express-
ing their receptors [20, 21]. Stem cell factor, also
known as a steel factor, is a multifunctional cy-
tokine that might be involved in tumor develop-
ment [17, 22]. Recently, increasing evidence has
suggested that the SCF/c-kit system is up-regulat-
ed in several human malignancies and might play
an important role in the angiogenesis, prolifera-
tion and invasion of tumor cells [17, 23]. Oka et al.
demonstrated the mRNA expression of SCF in hu-
man esophageal cancer cell lines [11]. The authors
suggested the existence of a complicated cytokine
network around esophageal carcinomas that may
affect the growth and proliferation of this malig-
nancy [11].

Esophageal cancer is still one of the most ag-
gressive malignancies of the gastrointestinal tract
and is characterized by poor prognosis of pa-
tients’ survival. One of the most commonly used
biochemical tumor markers for EC is CEA, but its
sensitivity is not satisfactory [1-5, 24, 25]. In the
order to improve the clinical diagnosis of patients
with this neoplasm, the establishment of novel,
easy to perform and readily available biochem-
ical markers has recently been under intensive
investigation. According to our knowledge, the
present study is the first to report the serum SCF
concentrations in patients with EC in relation to
different types of this malignancy. Therefore, the
aim of our study was to evaluate the clinical value
of serum SCF in comparison to the classic tumor
marker for EC (CEA) in relation to its histological
types. The present paper is a continuation of our

previous findings concerning the role of selected
HGFs, including SCF as tumor markers for breast
[13], colorectal [14, 15], pancreatic [16, 18] and
gastric [12] cancer.

In our study, the serum concentrations of SCF
were not significantly different between EC pa-
tients and healthy controls, whereas the classic
tumor marker CEA was found to be statistically
significantly higher in EC patients than in healthy
subjects. These results are in agreement with our
previous findings and the studies of other authors
performed on patients with colorectal [14, 15],
gastric [12] and pancreatic [16, 18, 26] cancer,
where serum SCF concentrations were also low-
er in cancer patients when compared to a healthy
group; however, those differences were statisti-
cally significant. Moreover, the serum SCF concen-
trations were significantly lower in the ESCC sub-
group when compared to patients with AC. These
results might suggest that the serum levels of this
cytokine may be affected by the histological type
of EC and confirmed marked differences in both
types of EC not only in the biology, but also in the
clinico-pathological characteristics of these malig-
nancies. Therefore, the present findings suggest-
ed that the measurement of SCF concentrations
could be useful in the differentiation between the
two most common histological types of EC. Simi-
lar results were obtained for CEA levels, but these
differences were not statistically significant.

If we consider the TNM classification, the con-
centrations of SCF were higher in the early stage of
disease than in stage IV of EC. A similar tendency
was observed in our previous studies concerning
the serum SCF levels in patients with colorectal
[14, 15] and gastric cancer [12], although the dif-
ferences between serum SCF concentrations and
tumor stages were statistically significant only in
colorectal cancer patients [15]. Elevated serum
concentrations of SCF in patients with early stage
EC might be a result of its production by tumor
cells in the first step of neoplasm development.
Moreover, the alterations in the serum levels of
this cytokine could be explained by the changes in
the immune system [15]. In addition, the SCF/c-kit
system may have a growth-regulating role in the
normal tissues, and during malignant transforma-
tion this network might be modified [14]. In our
current study, the serum SCF concentrations were
higher in patients without lymph node and distant
metastases than in patients with nodal involve-
ment and distant metastases. Previously, we also
revealed the association between serum levels of
selected HGFs and clinicopathological tumor pa-
rameters; however, those studies were performed
on gastric, pancreatic and colorectal patients [12,
14, 15, 18]. Our present study suggests the poten-
tial role of SCF in the development of EC, especial-
ly in the early stage of this malignancy [15].
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In the present study the percentage of elevated
results of SCF was much higher than for CEA and
increased for combined use of both proteins test-
ed, similarly as for the AC subgroup. Thus, in order
to achieve diagnostic sensitivity, the combined
analysis of SCF with the classic tumor marker may
be more useful in the diagnosis of EC than mea-
surement of a single marker. Previously, we also
calculated the diagnostic sensitivity of SCF in col-
orectal [15] and pancreatic cancer patients [16].
The combined use of SCF with other classic tumor
markers also increased the diagnostic sensitivity
in patients with pancreatic [16] and colorectal
cancer [15]. The highest diagnostic specificity was
observed for CEA concentrations in all analyzed
subgroups (EC, ESCC and AC patients), and it was
likewise for the PV__ results. Similar findings were
obtained in our previous papers, where the diag-
nostic specificity of SCF was also lower than for
CEA in colorectal cancer patients [14, 15]. In our
study, the PV _ results of SCF were slightly low-
er than those of CEA, while in the ESCC group
PV_, for SCF (100%) was higher than for the classic
tumor marker (71%). The highest predictive value
for negative results was observed for combined
use of both analyzed proteins (SCF and CEA) in EC
and AC subgroups. In colorectal cancer patients
the PV__ results of SCF was also slightly higher
than for the classic tumor marker (CEA) [15].

In conclusion, the present study is a continua-
tion of our previous findings assessing the role of
selected HGFs, such as SCF, as potential biomarkers
for malignancies of the gastrointestinal tract. We
revealed the potential significance of serum SCFin
the differentiation between histological types of
EC. Moreover, we suggested the potential role of
this cytokine in EC development, especially in the
early stage of tumor. In addition, the established
classic tumor marker CEA showed the well-known
high specificity and predictive value for positive
results, but very low sensitivity, whereas very high
sensitivity was observed for the measurement of
SCF concentrations. Therefore, our findings sug-
gest the potential usefulness of SCF in the diagno-
sis of EC patients, especially in combined analysis
with CEA. However, given the non-specific nature
of SCF, the diagnostic value of this cytokine may
be limited. According to our knowledge, this paper
is the first study concerning the SCF concentra-
tion in the sera of EC patients in relation to its
histological types. However, further investigations
need to be continued and performed on a larger
population of EC patients.
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