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Abstract: Growth factors represent a family of important biological molecules that can also be critical in the
pathogenesis of various gastrointestinal cancers. In this study, we conducted a comprehensive analysis of the
systemic levels of selected growth factors - hepatocyte, vascular-endothelial, fibroblast, and insulin-like 1 growth
factors (HGF, VEGF, FGF, and IGF-1, respectively), as well as granulocyte-colony stimulating factor (G-CSF) in 75
patients with different gastric neoplasms (carcinomas, gastrointestinal stromal tumors - GISTs, neuroendocrine
neoplasms - NENs, and lymphomas) and 40 healthy volunteers. Patients with gastric carcinoma or other types of
gastric neoplasms had higher HGF and IGF-1 levels than healthy individuals (P < 0.05 in all cases). In comparison
to healthy control subjects, systemic VEGF concentrations were elevated in patients with gastric carcinoma (P <
0.05), but not in individuals with other types of gastric malignancies. No statistically significant differences were observed between the analyzed groups in terms of FGF and G-CSF levels. When patients with gastric carcinoma were
subdivided according to the Japanese classification system, significantly elevated levels of HGF, VEGF, and IGF-1
concentrations were observed in patients with advanced gastric carcinoma (extending beyond the submucosal layer
of the stomach). Only the systemic levels of HGF were associated with tumor node metastasis - TNM staging, the
absolute numbers of bone marrow-derived mesenchymal cells, and very small embryonic/epiblast-like stem cells
circulating in patients with gastric carcinoma. ROC curves analyses demonstrated that AUC values of systemic levels
of examined growth factors ranged from 0.40-0.65 (P > 0.06 in all cases). In conclusion, patients with gastric malignancies showed a systemic biochemical imbalance in multiple growth factors, which appears to be associated with
clinical presentation of these neoplasms in humans. However, none of the growth factors examined here seem to
be suitable diagnostic biomarkers for detecting or differentiating different types of gastric malignancies in humans.
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Introduction
The diagnosis and treatment of gastric neoplasms remain a major challenge of modern
gastroenterology. These malignancies form a
very heterogenic group of tumors that have
diverse histological origins and clinical prognoses. Among gastric neoplasms, the most common is gastric cancer. According to the recent
reports, over 900,000 new cases of gastric
cancer are diagnosed annually worldwide [1, 2].
Unfortunately, the vast majority of patients
inevitably die from this disease, particularly
those diagnosed at later stages. Other types of
gastric malignancies, such as gastrointestinal

stromal tumors (GISTs) or neuroendocrine neoplasms (NENs), occur less frequently in humans
and are usually associated with better clinical
outcomes [3-7]. However, despite much effort
put into discovering the precise pathogenic
mechanisms of gastric tumors in humans, the
significance of multiple molecular factors responsible for the development and spread of
these malignancies are either unknown or have
not been verified in clinical studies.
Growth factors (GFs) are strongly suspected to
significantly contribute to the formation, progression, and survival of various (gastrointestinal) neoplasms in humans. This fact is support-
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ed by the results of multiple animal and in vitro
studies, which revealed that the activities of
GFs directly stimulate the proliferation, differentiation, and survival of cells under both physiological and pathological conditions [8-12].
Therefore, within recent years, various researchers have examined the biochemical network of GF interactions in many types of human
malignancies including thyroid, prostate, renal,
as well as gastrointestinal cancers [13-17]. Among a wide panel of GFs, particularly the hepatocyte, vascular-endothelial, fibroblast, and
insulin-like 1 GFs (HGF, VEGF, FGF, and IGF-1,
respectively) together with granulocyte-colony
stimulating factor (G-CSF) seem to be of significance in the development of gastric cancer
[18]. Namely, gastric cancer (stem) cells express these GFs, and their action influences
function of these cells on autocrine, paracrine,
and juxtacrine levels within the cancer microenvironment [2, 19, 20]. The activities of HGF and
G-CSF seem to especially promote invasion
and growth of gastric cancer by inhibiting apoptosis in cancer cells, upregulating heparanase
(which modulates the shedding of various cytokines and consequently promotes metastasis),
or influencing the homeostasis of (cancer) stem
cells [21-26]. In addition, neo-angiogenesis and
metastasis in the lymph nodes, which are crucial for the systemic spread of gastric cancer,
are thought to be mainly promoted by expression of the GFs, VEGF and FGF [2, 19, 20, 27].
Nevertheless, as for now, no comprehensive
evaluation of the eventual clinical associations
between the expression levels of these GFs
and the development of various gastric tumors
has been reported. Moreover, diagnostic value
of these substances has not been verified in patients affected by gastric malignancies.
Taking all these facts into consideration we
decided to conduct a comprehensive evaluation of the peripheral levels of HGF, VEGF, IGF-1,
FGF, and G-CSF in individuals with various types
of gastric malignancies. We focused on comparison of values of the systemic levels of GFs
examined here between control individuals and
patients with gastric malignancies. Moreover,
we wanted to verify their, GFs levels, eventual
clinical associations with clinical staging of gastric cancer in our patients, and the absolute
numbers of different populations of circulating
bone marrow-derived stem cells reported previously [26]. Furthermore, we also attempted to
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estimate (at least preliminarily) if the peripheral
levels of examined GFs could be of any diagnostic value for detection of gastric cancer in
humans. We hypothesized that in patients with
gastric malignancies systemic imbalance in the
levels of certain GFs occurs, and this would be
associated with the clinical presentation of the
disease, as well as, could offer potential diagnostic value for detection and differentiation of
gastric cancer in humans.
Material and methods
For these analyses we recruited 115 participants, who were subsequently assigned into
three main groups termed “cancer”, “other malignancies”, and “control” groups. The “cancer”
group consisted of 50 patients with newly diagnosed gastric carcinoma. The “other malignancies” group included 5 patients with GISTs, 12
individuals with NENs, and 8 patients diagnosed with primary gastric lymphomas. Forty
healthy volunteers were recruited to the “control” group.
In every case of suspected malignancy a pathological evaluation of a biopsy specimen was
performed, and a definitive diagnosis was made. In order to characterize the staging of the
malignancy patients were undergoing imaging
tests, that included abdominal USG/CT, endoscopic ultrasonography (EUS), and/or chest
x-rays. Patients from the “cancer” group had
been evaluated using multiple classifications/
scales. TNM staging revealed stage I gastric
cancer in 20 individuals, stage II in 4, stage III
in 4, while metastatic disease had been observed in 20 cases. According to the Lauren’s
classification 32 patients had intestinal, 12 diffuse, and 6 mixed type of gastric cancer. In two
gastric carcinoma patients, we were not able to
characterize the TNM staging because they
died before we were able to perform any further
diagnostic assessments. Furthermore, 19 patients presented with early and 29 with advanced gastric carcinoma, classified according
to the Japanese criteria.
As mentioned before, to the “others” group we
assigned patients with GISTs, NENs and lymphomas. In our study all GISTs cases were
localized in the fundus of the stomach; 3 patients had I stage low grade GISTs tumors, and
the remaining 2 were diagnosed with II and III
stage tumors determined to be of high malig-
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Table 1. General characteristics of analyzed patients and healthy individuals enrolled in the study
(data presented as means ± SD or median [interquartile range])
Parameter
Age (years)
Sex (M-male/F-female)
BMI (kg/m2)
RBC (×1012 cells/L)
Hb (g/dL)
Platelets count (×109 cells/L)
WBC count (×109 cells/L)
CRP (mg/L)

control
61 ± 6
19-M/21-F
26.18 ± 3.16
4.82 ± 0.55
14.19 ± 1.75
220 ± 62
6.05 ± 1.81
2.10 ± 1.04

cancer
65 ± 11
24-M/26-F
24.57 ± 4.11
4.26 ± 0.97
12.54 ± 2.71
262 ± 87
6.45 ± 2.12
3.42 [1.10; 12.95]

other
60 ± 13
5-M/20-F
25.82 ± 5.82
4.56 ± 0.40
13.22 ± 1.59
250 ± 93
6.89 ± 2.35
1.45 [1.33; 4.96]

BMI - body mass index; RBC - red blood cells; Hb - hemoglobin; CRP - C-reactive protein; WBC - white blood cells.

nant potential. Among the patients with NEN,
there were 9 cases of NEN G1 tumors and 3
cases of NEN G2. All of the NEN patients had
non-functional tumors primarily localized in the
fundus of the stomach, and they did not present any metastatic lesions within either lymph
nodes or other organs. Among the 8 patients
with primary gastric lymphomas in 4 cases the
diffuse large B-cell lymphoma was diagnosed,
2 patients had Burkitt lymphoma, and the
remaining two patients had small lymphocyte
lymphoma and mucus-associated lymphoid tissue lymphoma. A comprehensive summary of
biochemical and anthropometric evaluation of
participants of this study, divided into appropriate groups, is presented in Table 1.
From each participant a blood sample was collected (8-10 mL). These were further processed
without any unnecessary delay according to the
routine laboratory standards. Plasma was separated, and stored at -80°C until further
assessment.
The peripheral levels of multiple GFs (HGF,
VEGF, FGF, IGF-1, and G-CSF) were analyzed with use of ELISA kits (produced by R&D Systems,
Minneapolis, MN, USA). During measurements
investigators were following instructions provided by the manufacturer of the kit.
As described previously [28-33] all received
results were subjected to comprehensive statistical analysis. Briefly, distribution of the variables was verified using the Shapiro-Wilk test.
Continuous variables that were not normally
distributed were subjected to log transformation. After verification of the normality of the
distribution, mean values of examined parameters between appropriate groups were com-
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pared using Student’s t-test (parametric variables) or Mann-Whitney U-test (non-parametric
variables). In order to calculate the correlations
between parametric and non-parametric variables we used Pearson’s or Spearman’s correlation rank tests (respectively). In addition, we
performed a multivariate regression analyses
with use of a stepwise selection method. In
order to exclude eventual presence of any
residual confounding we entered individually
the variables that initially were excluded from
the constructed model. Finally, we constructed
the ROC curves and calculated the AUCs values
for all growth factors examined here as eventual diagnostic substances for gastric cancer in
humans. These statistical analyses were executed with use of SPSS software and P < 0.05
values were considered as significant.
This study was performed in accordance with
appropriate regulations and guidelines highlighted in the “World Medical Association Declaration of Helsinki - Ethical Principles for
Medical Research Involving Human Subjects”,
as well as its protocol has been approved by
the Bioethical Committee of the Pomeranian
Medical University in Szczecin. Informed written consents have been obtained from all participants of this study.
Results
Comparison of analyzed groups of patients
A statistical comparison of parameters describing general status of individuals participating in
this study is presented in Table 1. This analysis
revealed lack of significant differences in the
values of presented parameters between analyzed groups. However, comparison of body
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Figure 1. Mean values of peripheral levels of selected
growth factors in patients with gastric cancer, other
gastric neoplasms and control individuals together
with their statistical comparison (mean levels ± standard deviation [pg/mL]). HGF - hepatocyte growth factor; VEGF - vascular-endothelial growth factor; IGF-1
- insulin-like growth factor-1; *P < 0.05 - level of significance (in comparison to “control” group).

mass index (BMI) values and hemoglobin levels
between cancer patients and healthy controls
revealed values close to statistical significance
(P = 0.06 and P = 0.07 respectively).
Systemic levels of GFs in examined groups
In Figures 1 and 2 are depicted mean GF values examined in both healthy controls and
patients with gastric malignancies. As presented in Figure 1 the systemic levels of HGF, IGF-1,
and VEGF were significantly higher in patients
with gastric carcinoma than in healthy volunteers (Figure 1). When the levels of examined
growth factors were compared between healthy
controls and individuals with other than carcinoma types of gastric neoplasms, we found
statistically significant differences only in terms
of HGF and IGF-1 concentrations (Figures 1 and
2). In our study, no significant differences were
observed in systemic FGF and G-CSF concentrations between individuals from the control
group and both groups of patients with different types of gastric neoplasms (Figure 2).
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Evaluation of clinical associations
Next we became interested if the observed values of peripheral concentrations of examined
GFs are linked to the clinical staging of gastric
carcinoma in our patients. In order to evaluate
this aspect we analyzed the concentrations of
examined GFs in our cancer patients subdivided into early and advanced gastric cancer subgroups. This analysis demonstrated that in
comparison to healthy volunteers, individuals
with early gastric cancer had significantly higher systemic levels of IGF-1, but not of HGF and
VEGF (Figure 3). Interestingly, IGF-1 levels in
patients with advanced gastric were also significantly higher than in control individuals.
However, these values were not significantly
different from those present in patients with
early gastric cancer. The mean peripheral levels
of HGF and VEGF were significantly higher in
patients with advanced gastric cancer than in
other examined (sub)group (Figure 3). We did
not observe any statistical differences in values of FGF and G-CSF between healthy controls
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Figure 2. Mean peripheral levels of fibroblast growth factor (FGF) and granulocyte-colony stimulating factor (G-CSF)
in patients with gastric cancer, other types of gastric neoplasms and control individuals (means ± standard deviation [pg/mL]).

Figure 3. Mean peripheral levels of examined
growth factors in patients with early and advanced
gastric cancer, as well as in control individuals together with their statistical comparison. (means
± standard deviation [pg/mL]). HGF - hepatocyte
growth factor; VEGF - vascular-endothelial growth
factor; IGF-1 - insulin-like growth factor-1; *P <
0.05 - level of significance (in comparison to the
“control” group); #P < 0.05 - level of significance (in
comparison to the “early” group).

and both subgroups of patients with gastric
carcinoma (Figure 4). In addition, we verified if
the peripheral concentrations of GFs examined
here were associated with the clinical staging
of gastric carcinoma in our patients, that was
evaluated according to the established tumor
node metastasis (TNM) classification. Statistical analyses with use of multivariate regression revealed that in our patients only the sys-
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temic HGF levels were significantly associated
with the TNM staging of gastric carcinoma
(Table 2).
Growth factors and populations of stem cells
We also were interested in verifying whether
the concentrations of GFs examined here were
correlated with the absolute numbers of circu-
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Figure 4. Mean peripheral levels of fibroblast growth factor (FGF) and granulocyte-colony stimulating factor (G-CSF)
in healthy controls and patients with gastric cancer, divided into subgroups of early and advanced cancer (means
± standard deviation [pg/mL]).

Table 2. Analysis of associations between levels of examined
growth factors and clinical presentation of gastric cancer in
patients (modelling using multivariate regression analysis)
Dependent variable
Gastric cancer TNM staging*

Independent
variable
HGF
VEGF
IGF-1
FGF
G-CSF

β

R2

p

0.28
0.18
0.21
0.03
0.08

0.20
0.11
0.13
0.02
0.03

0.04
0.12
0.07
0.74
0.38

β - standardized coefficient in the regression equation; p - level of
significance; HGF - hepatocyte growth factor; VEGF - vascular-endothelial
growth factor; IGF-1 - insulin-like growth factor-1; FGF - fibroblast growth
factor; G-CSF - granulocyte-colony stimulating factor; *variable was created
by assigning 1, 2, 3 or 4 value to appropriate TNM stage detected in patients
with gastric cancer.

Table 3. Coefficients of correlations between levels of examined growth factors and previously reported absolute numbers of circulating populations of bone marrow-derived stem
cells in patients with gastric carcinoma (n = 8)
Population of stem cells
VSEL
MSC
HSC
EPC

HGF
0.31*
0.32*
NS
NS

VEGF
NS
NS
NS
NS

IGF-1
NS
NS
NS
NS

FGF
NS
NS
NS
NS

G-CSF
NS
NS
NS
NS

*P < 0.05. P - level of significance; NS - not significant; VSEL - very small
embryonic-like stem cells; MSC - mesenchymal stem cells; HSC - hematopoietic stem cells; EPC - endothelial progenitor cells; HGF - hepatocyte growth
factor; VEGF - vascular-endothelial growth factor; IGF-1 - insulin-like growth
factor-1; FGF - fibroblast growth factor; G-CSF - granulocyte-colony stimulating factor.

lating bone marrow-derived stem cells (BMSCs),
reported previously [26]. We found that in
patients with gastric carcinoma the peripheral
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concentrations of only HGF correlated significantly with the absolute
numbers of very small embryonic/
epiblast-like stem cells and mesenchymal stem cells, but not hematopoietic stem/progenitor cells or
endothelial progenitor cells circulating in the peripheral blood (Table
3).
Examined GFs as potential novel
biomarkers of gastric cancer in
humans
Finally, we wanted to test if the
peripheral concentrations of the
GFs examined here may possess
any value for detection and/or differentiation of gastric carcinoma in
humans. In order to realize this goal
we performed analyses with use of
receiver operator characteristic
(ROC) curves and evaluated the
respective area under curve (AUC)
values to test GFs as potential new
substances that could serve as
diagnostic markers. Results of our
analyses revealed relatively low
AUC values for all GFs evaluated
here, and these were not statistically significant (presented in
Figure 5).
Discussion

Within the last few years, growing evidence has
suggested that the activities of a wide array of
GFs may be fundamentally involved in the
Am J Transl Res 2020;12(1):118-129
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Figure 5. Receiver operating characteristics (ROC)
curves of examined growth factors as clinical indicators of gastric carcinoma. Calculated sensitivity (y-axis) is plotted against 1-specificity formula (x-axis) for
examined growth factors, that is (A) HGF, (B) VEGF, (C)
FGF, (D) IGF-1 and (E) G-CSF. AUC - area under curve;
p - level of significance; HGF - hepatocyte growth factor; VEGF - vascular-endothelial growth factor; IGF-1
- insulin-like growth factor-1; FGF - fibroblast growth
factor; G-CSF - granulocyte-colony stimulating factor.
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pathogenesis of various human cancers, as
well as considered as a promising target for
anti-cancer therapies [34-36]. Therefore we
decided to perform a comprehensive evaluation of the peripheral concentrations of several
GFs that, from a molecular standpoint, could
exert the most impact on the development, survival, and systemic spread of gastric malignancies in humans.
We observed that patients with gastric malignancies presented an imbalance in the peripheral concentrations of selected GFs examined
here, mainly in the HGF, IGF-1, and VEGF concentrations. Significant elevations in the peripheral levels of HGF and IGF-1 were observed not
only in individuals with gastric cancer, but also
in patients suffering from other types of gastric
malignancies. However, higher VEGF levels
were found exclusively in individuals with gastric cancer. Our findings are therefore in agreement with previous results showing that individuals with gastric cancer had significantly
elevated peripheral levels of HGF, IGF-1, and
VEGF [37-41]. However, our results expanded
upon these previous findings, revealing that
systemic imbalances in peripheral HGF and
IGF-1 levels occurred not only in patients with
gastric carcinoma, but also are present in individuals with other types of gastric neoplasms.
Furthermore, the results of our analyses demonstrated that significant alterations in peripheral GF concentrations in individuals with gastric cancer are usually present mainly (if not
only) in patients with advanced disease, defined according to the Japanese classification.
Currently, insufficient data are available to fully
explain why such systemic imbalances occur in
patients with gastric carcinoma, or what mechanism(s) might be responsible for this phenomenon. It seems likely that cancer cells present in the tumor microenvironment are not the
cause of this phenomenon, as the tissue
expression of certain GFs (like HGF and its
receptor c-MET) do not correlate with their
peripheral levels [37]. Therefore, we speculate
that the imbalance in certain GF may result
from various exosomes secreted to the periphery from gastric cancer cells, their metabolism,
and most likely their interactions with immunerelated cytokines (for example IL-8) that have
recently been implicated in the pathogenetic
scenario and clinical presentation of gastric
carcinoma [42-44]. Given that changes in sys125

temic GF levels occur mainly in individuals with
gastric cancer that has reached the gastric
muscular layer (thereby gaining access to the
vasculature), this explanation seems to be the
most probable. However, this matter requires
verification in further experimental and clinical
studies.
It is also very interesting that our data demonstrated significant associations between systemic HGF levels, but not G-CSF concentrations, and the peripheral circulation of certain
BMSC populations in patients with gastric carcinoma. Currently, very little is known regarding
the biochemical signals that promote communication between the stem cell environment
and a developing malignancy. Our data reveal
that in case of gastric carcinoma in humans,
HGF (but not the widely known stem cell chemoattractant G-CSF) may be involved in such
signaling, as higher HGF levels were associated
with increased absolute numbers of circulating
very small embryonic/epiblast-like stem cells,
which represent a BMSC subpopulation with
unique and very powerful regenerative and
trans-differentiation potential. We observed
similar results in previous studies performed in
patients with pancreatic cancer [45].
However, independently of the molecular
mechanism(s) responsible for the imbalanced
peripheral GF levels, our results revealed that
this phenomenon was not specific for gastric
carcinoma, as certain “components” of it also
accompanied presence of other than cancer
types of gastric neoplasms. It is difficult to
definitively explain the general impact of this
phenomenon on the progression of different
types of gastric tumors or the clinical prognosis
of affected patients. Data from preliminary
studies have shown that the presence of elevated peripheral VEGF levels in patients with
gastric NENs may be indicative of local and systemic spread, as well as of a worse prognosis
[46-49]. However, no studies published to date
have addressed this issue in patients with
GISTs or gastric lymphomas. It seems probable
that this matter will be addressed in greater
detail in the upcoming years, given that innovative medications interfering in GF signaling are
currently being tested in clinical trials and their
effectiveness in the treatment of (gastric) cancers is also being evaluated [50, 51]. In this
context, it is noteworthy that our results provide
important new information that may be helpful
Am J Transl Res 2020;12(1):118-129
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for understanding the results of recent clinical
trials conducted in patients with gastric cancer,
involving medications that interfere with GF
activities. For example, very recent results on
bevacizumab-containing chemotherapy (antiVEGF antibodies) demonstrated the lack of
additional clinical benefit using this medication
on the overall prognosis of patients with early
gastric carcinoma [52]. Our results seem to
agree with these clinical observations. Namely,
we found that although peripheral VEGF levels
are elevated in the overall group of patients
with gastric cancer, our results suggested that
the systemic VEGF level is of greater significance in patients with advanced gastric carcinoma. Moreover, we did not observe any significant differences in the systemic levels of FGF,
in agreement with the results of clinical trial on
FGF and its receptor inhibitors in patients with
gastrointestinal malignancies [53]. In aforementioned clinical trial, the application of such
new medications did not improve the overall
survival rates of cancer patients, showing a
response rate of < 10% in treated individuals
[50]. Our data suggest that it would be of interest to test the therapeutic value of novel GF
inhibitors in patients with gastric neoplasms
other than carcinoma, as these patients also
have abnormal systemic levels of various GFs.
Finally, some previous findings have suggested
that the peripheral levels of certain GFs may be
of some prognostic value in individuals with different gastric malignancies [37, 48, 54-56].
However, their potential use as biomarkers of
gastric tumors has not been examined. Therefore, we investigated several GFs to determine
whether they could be of potential diagnostic
value for detecting or differentiating different
types of human gastric malignancies with
lesions located in the stomach tissue. Unfortunately, the GFs examined did not show sufficient sensitivity and specificity to be considered as independent biomarkers of human gastric tumors. Moreover, the results of our study
appear to suggest that, due to their low specificity and sensitivity, these GFs most likely will
not be helpful in supporting conventional methods/techniques already used for diagnosis of
gastric malignancies in humans.
In summary, these results demonstrated that
multiple GFs examined here are of significance
in both the pathogenetic scenario and clinical
presentation of gastric malignancies in hu126

mans. Our data indicate that an imbalance in
the peripheral levels of the GFs studied here is
not specific to patients with gastric cancer, but
also occurs in patients affected by other than
cancer types of gastric malignancies. Moreover,
our study also revealed the clinical significance
of HGF in the process of intensified systemic
circulation of selected BMSCs in individuals
with gastric cancer. Finally, our data demonstrated that the peripheral concentrations of
the multiple GFs do not seem to be of sufficient
diagnostic potential to be used as independent
(bio)markers for discriminating various types of
gastric malignancies in patients.
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