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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 ob-
served 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 malig-
nancies 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 stromal tumors (GISTs) or neuroendocrine neo-
plasms (NENSs), occur less frequently in humans
and are usually associated with better clinical

outcomes [3-7]. However, despite much effort

The diagnosis and treatment of gastric neo-
plasms remain a major challenge of modern

gastroenterology. These malignancies form a
very heterogenic group of tumors that have
diverse histological origins and clinical progno-
ses. Among gastric neoplasms, the most com-
mon 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

put into discovering the precise pathogenic
mechanisms of gastric tumors in humans, the
significance of multiple molecular factors res-
ponsible 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, pro-
gression, and survival of various (gastrointesti-
nal) 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, differ-
entiation, and survival of cells under both physi-
ological and pathological conditions [8-12].
Therefore, within recent years, various re-
searchers have examined the biochemical net-
work of GF interactions in many types of human
malignancies including thyroid, prostate, renal,
as well as gastrointestinal cancers [13-17]. Am-
ong a wide panel of GFs, particularly the hepa-
tocyte, 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 signifi-
cance in the development of gastric cancer
[18]. Namely, gastric cancer (stem) cells ex-
press these GFs, and their action influences
function of these cells on autocrine, paracrine,
and juxtacrine levels within the cancer microen-
vironment [2, 19, 20]. The activities of HGF and
G-CSF seem to especially promote invasion
and growth of gastric cancer by inhibiting apop-
tosis in cancer cells, upregulating heparanase
(which modulates the shedding of various cyto-
kines 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 cru-
cial for the systemic spread of gastric cancer,
are thought to be mainly promoted by expres-
sion 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 pa-
tients affected by gastric malignancies.

Taking all these facts into consideration we
decided to conduct a comprehensive evalua-
tion of the peripheral levels of HGF, VEGF, IGF-1,
FGF, and G-CSF in individuals with various types
of gastric malignancies. We focused on com-
parison 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 gas-
tric cancer in our patients, and the absolute
numbers of different populations of circulating
bone marrow-derived stem cells reported previ-
ously [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 diagnos-
tic 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 diag-
nostic value for detection and differentiation of
gastric cancer in humans.

Material and methods

For these analyses we recruited 115 partici-
pants, who were subsequently assigned into
three main groups termed “cancer”, “other ma-
lignancies”, and “control” groups. The “cancer”
group consisted of 50 patients with newly diag-
nosed gastric carcinoma. The “other malignan-
cies” group included 5 patients with GISTs, 12
individuals with NENs, and 8 patients diag-
nosed with primary gastric lymphomas. Forty
healthy volunteers were recruited to the “con-
trol” group.

In every case of suspected malignancy a patho-
logical evaluation of a biopsy specimen was
performed, and a definitive diagnosis was ma-
de. In order to characterize the staging of the
malignancy patients were undergoing imaging
tests, that included abdominal USG/CT, endo-
scopic ultrasonography (EUS), and/or chest
x-rays. Patients from the “cancer” group had
been evaluated using multiple classifications/
scales. TNM staging revealed stage | gastric
cancer in 20 individuals, stage Il in 4, stage lll
in 4, while metastatic disease had been ob-
served in 20 cases. According to the Lauren’s
classification 32 patients had intestinal, 12 dif-
fuse, 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 pa-
tients presented with early and 29 with ad-
vanced gastric carcinoma, classified according
to the Japanese criteria.

As mentioned before, to the “others” group we
assigned patients with GISTs, NENs and lym-
phomas. In our study all GISTs cases were
localized in the fundus of the stomach; 3 pa-
tients had | stage low grade GISTs tumors, and
the remaining 2 were diagnosed with Il and 1l
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 control cancer other

Age (years) 61+6 65+ 11 60 + 13

Sex (M-male/F-female) 19-M/21-F 24-M/26-F 5-M/20-F
BMI (kg/m?) 26.18 £ 3.16 2457 +4.11 25.82 +5.82
RBC (x10'2 cells/L) 4.82 +0.55 4.26 £ 0.97 4.56 £ 0.40
Hb (g/dL) 1419+ 1.75 12.54 +2.71 13.22 £ 1.59
Platelets count (x10° cells/L) 220 + 62 262 + 87 250 + 93
WBC count (x10° cells/L) 6.05+ 1.81 6.45+2.12 6.89 + 2.35
CRP (mg/L) 2.10 + 1.04 3.42[1.10; 12.95] 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 pres-
ent 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 ymphoma was diagnosed,
2 patients had Burkitt lymphoma, and the
remaining two patients had small lymphocyte
lymphoma and mucus-associated lymphoid tis-
sue lymphoma. A comprehensive summary of
biochemical and anthropometric evaluation of
participants of this study, divided into appropri-
ate groups, is presented in Table 1.

From each participant a blood sample was col-
lected (8-10 mL). These were further processed
without any unnecessary delay according to the
routine laboratory standards. Plasma was sep-
arated, and stored at -80°C until further
assessment.

The peripheral levels of multiple GFs (HGF,
VEGF, FGF, IGF-1, and G-CSF) were analyzed wi-
th use of ELISA kits (produced by R&D Systems,
Minneapolis, MN, USA). During measurements
investigators were following instructions pro-
vided by the manufacturer of the kit.

As described previously [28-33] all received
results were subjected to comprehensive sta-
tistical analysis. Briefly, distribution of the vari-
ables was verified using the Shapiro-Wilk test.
Continuous variables that were not normally
distributed were subjected to log transforma-
tion. After verification of the normality of the
distribution, mean values of examined param-
eters between appropriate groups were com-
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pared using Student’s t-test (parametric vari-
ables) or Mann-Whitney U-test (non-parametric
variables). In order to calculate the correlations
between parametric and non-parametric vari-
ables we used Pearson’s or Spearman’s corre-
lation 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 even-
tual diagnostic substances for gastric cancer in
humans. These statistical analyses were exe-
cuted 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 high-
lighted in the “World Medical Association De-
claration 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 writ-
ten consents have been obtained from all par-
ticipants of this study.

Results
Comparison of analyzed groups of patients

A statistical comparison of parameters describ-
ing 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 ana-
lyzed groups. However, comparison of body
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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 val-
ues examined in both healthy controls and
patients with gastric malignancies. As present-
ed in Figure 1 the systemic levels of HGF, IGF-1,
and VEGF were significantly higher in patients
with gastric carcinoma than in healthy volun-
teers (Figure 1). When the levels of examined
growth factors were compared between healthy
controls and individuals with other than carci-
noma 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 concen-
trations between individuals from the control
group and both groups of patients with differ-
ent types of gastric neoplasms (Figure 2).
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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 + stan-
dard deviation [pg/mL]). HGF - hepatocyte growth fac-
tor; VEGF - vascular-endothelial growth factor; IGF-1
- insulin-like growth factor-1; *P < 0.05 - level of signifi-
cance (in comparison to “control” group).

Evaluation of clinical associations

Next we became interested if the observed val-
ues 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 subdivid-
ed into early and advanced gastric cancer sub-
groups. This analysis demonstrated that in
comparison to healthy volunteers, individuals
with early gastric cancer had significantly high-
er systemic levels of IGF-1, but not of HGF and
VEGF (Figure 3). Interestingly, IGF-1 levels in
patients with advanced gastric were also sig-
nificantly 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 val-
ues 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 devia-

tion [pg/mL]).
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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. Statis-
tical analyses with use of multivariate regres-
sion revealed that in our patients only the sys-
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Figure 3. Mean peripheral levels of examined
growth factors in patients with early and advanced
gastric cancer, as well as in control individuals to-
gether 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).

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)

) Independent
Dependent variable vaKr)iabIe B R? p
Gastric cancer TNM staging* HGF 0.28 0.20 0.04
VEGF 0.18 0.11 0.12
IGF-1 0.21 0.13 o0.07
FGF 0.03 0.02 0.74

G-CSF 0.08 0.03 0.38

B - 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 exam-
ined growth factors and previously reported absolute num-
bers of circulating populations of bone marrow-derived stem
cells in patients with gastric carcinoma (n = 8)

Population of stem cells HGF VEGF IGF-1 FGF G-CSF

VSEL 0.31* NS NS NS NS
MSC 0.32* NS NS NS NS
HSC NS NS NS NS NS
EPC NS 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 - hematopoi-
etic 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 stimulat-
ing 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 corre-
lated significantly with the absolute
numbers of very small embryonic/
epiblast-like stem cells and mesen-
chymal stem cells, but not hemato-
poietic stem/progenitor cells or
endothelial progenitor cells circu-
lating 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 dif-
ferentiation 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 statisti-
cally 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
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Figure 5. Receiver operating characteristics (ROC)
curves of examined growth factors as clinical indica-
tors of gastric carcinoma. Calculated sensitivity (y-ax-
067 is) 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 fac-
047 tor; 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 evalua-
tion of the peripheral concentrations of several
GFs that, from a molecular standpoint, could
exert the most impact on the development, sur-
vival, and systemic spread of gastric malignan-
cies in humans.

We observed that patients with gastric malig-
nancies presented an imbalance in the periph-
eral concentrations of selected GFs examined
here, mainly in the HGF, IGF-1, and VEGF con-
centrations. Significant elevations in the periph-
eral 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 gas-
tric cancer. Our findings are therefore in agree-
ment with previous results showing that indi-
viduals 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 indi-
viduals with other types of gastric neoplasms.
Furthermore, the results of our analyses dem-
onstrated that significant alterations in periph-
eral GF concentrations in individuals with gas-
tric cancer are usually present mainly (if not
only) in patients with advanced disease, defi-
ned 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 me-
chanism(s) might be responsible for this phe-
nomenon. It seems likely that cancer cells pres-
ent 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 periph-
ery from gastric cancer cells, their metabolism,
and most likely their interactions with immune-
related 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 sys-
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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 demon-
strated significant associations between sys-
temic HGF levels, but not G-CSF concentra-
tions, and the peripheral circulation of certain
BMSC populations in patients with gastric car-
cinoma. Currently, very little is known regarding
the biochemical signals that promote commu-
nication 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 che-
moattractant 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
uniqgue 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 ele-
vated peripheral VEGF levels in patients with
gastric NENs may be indicative of local and sys-
temic 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 innova-
tive medications interfering in GF signaling are
currently being tested in clinical trials and their
effectiveness in the treatment of (gastric) can-
cers 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



Growth factors and gastric neoplasms

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 (anti-
VEGF 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 signifi-
cance in patients with advanced gastric carci-
noma. Moreover, we did not observe any signifi-
cant 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 afore-
mentioned 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 inter-
est 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 dif-
ferent gastric malignancies [37, 48, 54-56].
However, their potential use as biomarkers of
gastric tumors has not been examined. There-
fore, 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. Unfor-
tunately, the GFs examined did not show suffi-
cient sensitivity and specificity to be consid-
ered as independent biomarkers of human gas-
tric tumors. Moreover, the results of our study
appear to suggest that, due to their low speci-
ficity and sensitivity, these GFs most likely will
not be helpful in supporting conventional meth-
ods/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 hu-
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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 demon-
strated 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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