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The role of cytokines in the pathogenesis of chronic venous disease (CVD) remains obscure. It has been postulated that oscillatory
flow present in incompetent veins causes proinflammatory changes. Our earlier study confirmed this hypothesis. This study is
aimed at assessing chemokines and growth factors (GFs) released by lymphocytes in patients with great saphenous vein (GSV)
incompetence. In 34 patients exhibiting reflux in GSV, blood was derived from the cubital vein and from the incompetent
saphenofemoral junction. In 12 healthy controls, blood was derived from the cubital vein. Lymphocyte culture with and without
stimulation by phytohemagglutinin (PHA) was performed. Eotaxin, interleukin 8 (IL-8), macrophage inflammatory protein 1 A
and 1B (MIP-1A and MIP-1B), interferon gamma-induced protein (IP-10), monocyte chemoattractant protein-1 (MCP-1),
interleukin 5 (IL-5), fibroblast growth factor (FGF), granulocyte colony-stimulating factor (G-CSF), granulocyte-macrophage
colony-stimulating factor (GM-CSF), platelet-derived growth factor-BB (PDGF-BB), and vascular endothelial growth factor
(VEGF) were assessed in culture supernatants by a Bio-Plex assay. Higher concentrations of eotaxin and G-CSF were revealed in
the incompetent GSV, compared with the concentrations in the patients’ upper limbs. The concentrations of MIP-1A and
MIP-1B were higher in the CVD group while the concentration of VEGF was lower. In the stimulated cultures, the
concentration of G-CSF proved higher in the incompetent GSV, as compared with the patients’ upper limbs. Between the
groups, the concentration of eotaxin was higher in the CVD group, while the IL-5 and MCP-1 concentrations were lower. IL-8,
IP-10, FGF, GM-CSF, and PDGF-BB did not reveal any significant differences in concentrations between the samples. These
observations suggest that the concentrations of chemokines and GFs are different in the blood of CVD patients. The oscillatory
flow present in incompetent veins may play a role in these changes. However, the role of cytokines in CVD requires further study.

1. Introduction

Chronic venous disease (CVD) affects up to 85% of the pop-
ulation, and more advanced clinical changes (C3–C6 in the
Clinical-Etiology-Anatomy-Pathophysiology (CEAP) classi-
fication) occur in about 30% of the population [1–4]. Its exact
pathogenesis remains unclear. However, the impact of
inflammatory processes is considered crucial for venous wall
remodeling [5–11]. Reflux in the incompetent veins causes
oscillatory flow, with blood moving towards the heart during
the contraction of the muscular pump of the calf and

backwards during the relaxation of the calf [12]. It has been
demonstrated that these flow changes cause the release of
proinflammatory cytokines by endothelial cells and lead to
leukocyte-mediated inflammatory reactions [12–16]. Our
recent publication demonstrated that proinflammatory cyto-
kines are released by lymphocytes in higher concentrations in
the incompetent veins [17].

In order to further investigate the role of cytokines
released by lymphocytes in CVD, we studied two other
panels: chemotactic cytokines and growth factors (GFs). Both
these cytokine groups have previously been described as
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released in higher concentrations by endothelium subject to
hypoxia [18]. Following our previous findings which
confirmed the proinflammatory state in CVD, it seemed
probable that the levels of chemotactic cytokines should be
elevated in the incompetent vein, recruiting leukocytes and
promoting the inflammatory process. The influence of GFs
on the histological changes in CVD also seemed possible.
The incompetent vein wall is known to be distorted, with a
degraded extracellular matrix [19], damaged intima [20–23],
and disorganized, hypertrophic media [24, 25]. An imbalance
between collagen and elastin has been observed, with lower
content of elastin and collagen type III and higher content
of collagen type I [26–29]. These changes are linked to a
higher metalloproteinase activity [19, 30], dysregulated
apoptosis [14, 24, 31], and elevated smooth muscle prolifera-
tion [25]. Increased numbers of vasa vasorum in varicose
veins have also been observed [23]. The GFs have been dem-
onstrated to play a role in regulating the metalloproteinase
activity [32]. Moreover, they take part in neovascularisation.
Therefore, their role in CVD progression seems possible.

Few papers describe cytokines in CVD [9], and there are
no studies concerning the role of chemokines and GFs
released by lymphocytes in this disease. No differences in
the lymphocyte percentage were observed in the varicose
veins when compared to healthy veins [6, 33], and the
lymphocytes were shown to have an important role in venous
ulcer development [34].

We expected to find different cytokine production in the
incompetent vein with oscillatory flow when compared to the
same patients’ healthy cubital vein with laminar (unidirec-
tional) flow. The circulating lymphocytes are also subject to
contact with turbulent flow and pathologically changed
endothelium of the incompetent vein; therefore, differences
in cytokine concentrations in the cubital blood from healthy
subjects and CVD patients were expected. Finally, the lym-
phocytes in CVD group may react differently to stimulating
agents than the lymphocytes in the healthy group.

2. Materials and Methods

The study has been carried out in accordance with the
Declaration of Helsinki and approved by the Bioethical
Committee of the Medical University of Silesia
(KNW/0022/KB1/31/I/12). All participants gave their
written informed consent for the study.

The CVD group consisted of 34 primary CVD patients
with great saphenous vein (GSV) incompetence confirmed
by the Doppler ultrasound examination. The reflux at saphe-
nofemoral junction (reflux time > 0 5 s) was confirmed in all
patients in standing position, with blood flow induced by
manual squeezing. The control group included 12 volunteers
with healthy GSV confirmed by the Doppler ultrasound. The
exclusion criteria involved history of venous thrombosis,
pregnancy, diabetes, any inflammatory diseases present in
the past two weeks, alcohol abuse, smoking, ulceration on
the examined limb during the last month, and intake of
anti-inflammatory drugs within the past two weeks.

Blood samples were obtained from the cubital vein in
both groups, collected to vials containing heparin (10 IU/ml

of blood). Consequently, patients from the CVD group
underwent standard surgical procedure of GSV stripping,
with femoral nerve block and additional local anaesthesia.
The inguinal incision and visualization of the GSV were per-
formed. A blood sample from the GSV directly below the
incompetent saphenofemoral junction was collected into a
heparinized vial. All samples were immediately transferred
to the laboratory, and the temperature of 37°C was main-
tained. Cultures of lymphocytes were prepared either with
lymphocyte-stimulating phytohemagglutinin (PHA) or with
a medium as follows:

The lymphocytes were separated by the use of Histopa-
que gradients (1.119 g/ml and 1.077 g/ml). After centrifuga-
tion (700×g, 30min), the separated lymphocytes were
transferred to another vial and washed twice with
phosphate-buffered saline (PBS) (250×g, 10min). Micro-
scopic morphological assessment of cell population was per-
formed, and no differences were found between the groups.
No significant contamination by other cells was found in
the samples.

A suspension of 2 MM lymphocyte cells/ml of medium
(Roswell Park Memorial Institute (RPMI) 1640, 10% bovine
serum, penicillin 100 U/ml, and streptomycin 100μg/ml)
was prepared. 0.5ml of this suspension was added to a
0.5ml of PHA solution (20μg PHA/ml of medium) and for
no-stimulation samples, 0.5ml of the suspension to a 0.5ml
of medium. These suspensions were incubated for 24h in
37°C, 5% CO2 atmosphere, and 99% humidity. After incuba-
tion and centrifugation (250×g, 10min), the supernatant
was collected into the Eppendorf vials and stored at -80°C.

Assessed panels included chemotactic factors: eotaxin,
interleukin 8 (IL-8), macrophage inflammatory protein 1 A
and 1B (MIP-1A and MIP-1B), interferon gamma-induced
protein (IP-10), monocyte chemoattractant protein-1
(MCP-1), and GFs: interleukin 5 (IL-5), fibroblast growth
factor (FGF), granulocyte colony-stimulating factor
(G-CSF), granulocyte-macrophage colony-stimulating factor
(GM-CSF), platelet-derived growth factor-BB (PDGF-BB),
and vascular endothelial growth factor (VEGF).

The samples were thawed directly before the Bio-Plex
assay. The assay uses magnetic beads with anticytokine
immunoglobulins to assess simultaneously the concentra-
tions of many cytokines. The samples were processed follow-
ing the manufacturer’s instructions (Bio-Plex Pro™ Human
Cytokine Assays, Bio-Rad Laboratories) and read using
Bio-Rad Bio-Plex™ 200 System with Bio-Plex Manager™
Software. The statistical analysis was performed with the
use of STATISTICA 10.0 software. The cytokine data were
not normally distributed; therefore, nonparametric tests were
applied. Mean/median differences were analyzed by Stu-
dent’s paired t-test, the Wilcoxon signed-rank test, or the
Mann-Whitney U test. The leukocyte count and lympho-
cyte percentage had normal distribution; therefore,
Student’s t-test was applied.

3. Results and Discussion

3.1. Results. The CVD group consisted of 34 patients, 85% of
which were women. Median age was 47 ± 25 (21-68). The
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patients belonged to clinical CEAP classes C2-C3, with
43% in C2 and 57% in C3. The control group consisted
of 12 patients, 92% of which were women. Median age
was 36 ± 27 (29-64). The white blood cell count was mean
5 6 × 103/μl (3.7-8 8 × 103/μl) in the CVD group and
5.9× 103/μl (4.6-7.5× 103/μl) in the control group. The
lymphocyte percentage was mean 39% (22%-47%) in the
CVD group and 36% (23%-45%) in the control group.
There were no statistically significant differences between
the groups.

In the samples cultured without stimulation, significantly
higher concentrations of eotaxin and G-CSF were found in
the incompetent GSV samples in comparison with the cubital
vein samples of the same patients (results are expressed as
median ± quartile deviation and range).

Eotaxin: 39 09 ± 14 1 (11.4-256.8) pg/ml vs 34 87 ± 15 47
(5.6-51.34) pg/ml, p < 0 05 and G-CSF: 107 4 ± 91 5
(36.3-1613) pg/ml vs 89 6 ± 91 9 (24.7-1381) pg/ml, p <
0 05. The above results are presented in Figures 1 and 2.

When the upper limb samples cultured without stimu-
lation were compared between the groups, significantly
higher concentrations of MIP-1A and MIP-1B were found
in the upper limb samples of the CVD group (MIP-1A:
181 1 ± 1633 (2.18-3163) pg/ml vs 29 2 ± 3123 (2.7-3125)
pg/ml, p < 0 05 and MIP-1B: 1514 ± 905 1 (185.6-9142)
pg/ml vs 927 8 ± 325 1 (444.3-1396) pg/ml, p < 0 01). The
CVD group showed lower concentrations of VEGF
(53 9 ± 53 3 (17.4-276.8) pg/ml vs 76 2 ± 78 6 (35.3-263.5)
pg/ml, p < 0 05). These results are presented in Figures 3–5.

PHA did not cause significant changes in the concen-
trations of MIP-1B and PDGF-BB in any group. IL-8
and VEGF did not show any difference in concentrations
in the control group. PHA did not cause significant
changes in the IL-5 concentrations in the CVD group.
FGF did not show any significant changes in the

concentrations in the PHA cultures of the lower limb sam-
ples in the CVD group. The GM-CSF concentrations were
higher in the PHA cultures only in the upper limb sam-
ples of the CVD group. The remaining PHA-stimulated
samples had significantly higher cytokine concentrations
than the unstimulated samples (Table 1).

The magnitude of lymphocyte stimulation by PHA was
analyzed and no statistically significant differences were
found. The exception is MCP-1 which showed a more sig-
nificant increase in the concentration after PHA stimula-
tion in the control group, as compared with the examined
group (median increase 899 ± 1391 ((-2302)-2681) pg/ml
vs 548 ± 414 ((-1341)-2072) pg/ml).

In the samples cultured with stimulation, in the CVD
group, the GSV samples had a significantly higher
G-CSF concentration as compared with the upper limb
samples (767 7 ± 1197 (160.2-3030) pg/ml vs 538 4 ±
747 3 (115.7-8630) pg/ml, p < 0 05) (Figure 6).

When the upper limb samples cultured with stimula-
tion were compared between the groups, a higher concentra-
tion of eotaxin was found in the CVD group (67 41 ± 25 9
(29.0-118.7) pg/ml vs 54 9 ± 28 0 (22.15-73.25) pg/ml, p <
0 01) and lower IL-5 and MCP-1 concentrations (IL-5:
21 59 ± 24 8 (1.58-223.6) pg/ml vs 59 27 ± 38 65
(18.5-104.6) pg/ml, p < 0 01) MCP-1: 1351 ± 531 3
(918.0-2622) pg/ml vs 2086 ± 1269 (1667-3343) pg/ml, p <
0 001) (Figures 7–9).

No significant differences in IL-8, IP-10, FGF,
GM-CSF, and PDGF-BB concentrations were found in
any of the samples.

3.2. Discussion. The results of this study show significant
changes in the concentrations of chemokines and GFs in
the incompetent GSV and in the general circulation of
CVD patients.
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Figure 1: Comparison of eotaxin concentrations in the upper (eotaxin-UL) and lower limb samples (eotaxin-LL) in the CVD groups, cultured
without stimulation.
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In the nonstimulated samples, higher concentrations of
MIP-1A and MIP-1B and a lower VEGF concentration were
revealed in the CVD group.

MIP-1 family is responsible for recruiting proinflamma-
tory cells. It also plays a crucial role in the T-cell transen-
dothelial migration [35]. Higher MIP-1A and MIP-1B
concentrations in CVD patients were found in a large cyto-
kine profile performed by Tisato et al. [36]. The elevated
levels of these factors substantiate the theory of the proin-
flammatory impact of the turbulent blood flow in incompe-
tent veins.

The concentrations of VEGF, a proangiogenic cytokine
which promotes neovascularisation and increases vascular

permeability, were found to be lower in the CVD group. Sim-
ilar observations were made in a study comparing cytokine
concentrations before and after endovenous laser ablation,
where VEGF was found in lower concentrations in the blood
of the patients before surgery [37]. In other studies, however,
the concentrations of VEGF were higher in CVD patients:
both in the venous tissue [22] and in the peripheral blood
[36, 38]. Further studies including larger groups of patients
are required to interpret the role of this factor in venous
insufficiency.

Local elevation of proinflammatory markers in GSV was
described by Poredos et al. [16] and in our earlier work [17].
Turbulent blood flow, venous stasis, and hypertension are
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Figure 2: Comparison of G-CSF concentrations in the upper (G-CSF-UL) and lower limb samples (G-CSF-LL) in the CVD groups, cultured
without stimulation.
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Figure 3: Comparison of the MIP-1A concentrations in the upper limb samples (MIP-1A-UL) between the CVD and control groups,
cultured without stimulation.
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well-known factors in CVD pathogenesis. Hemodynamic
changes lead to the activation, adhesion, and migration of
leukocytes through the venous wall, a so-called “leukocyte
trap” [39]. The activated leukocytes damage the endothe-
lium, causing inflammatory response from the endothelial
cells [8, 32]. Local increase of inflammatory response is there-
fore postulated as an important factor of CVD pathogenesis.

In this study, eotaxin and G-CSF had higher concentra-
tions in the incompetent saphenofemoral junction when
compared with the same patients’ general circulation.
G-CSF stimulates neutrophil production and mobilization,

attracting neutrophils to the inflammation site and
restricting their activity in noninflamed regions [40]. Its
higher concentration found in the incompetent vein seems
to further confirm the proinflammatory effect of nonlami-
nar blood flow.

Eotaxin is a potent eosinophil chemoattractant, and it has
a role in multiple inflammatory diseases such as asthma,
atopic dermatitis, or inflammatory bowel disease [41]. It is
supposed to have a local impact on tissues in atherosclerosis
[41]. In this study, elevated eotaxin concentrations were
found in the incompetent vein, while in a study by Sachdev
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Figure 4: Comparison of the MIP-1B concentrations in the upper limb samples (MIP-1B-UL) between the CVD and control groups, cultured
without stimulation.
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Figure 5: Comparison of the VEGF concentrations in the upper limb samples (VEGF-UL) between the CVD and control groups, cultured
without stimulation.
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et al., eotaxin was found in lower concentrations in the gen-
eral circulation of varicose patients [42]. This might indicate
its regional role in the pathogenesis of the disease.

Addition of PHA to the cultures revealed some differ-
ences in lymphocyte reaction to stimulation. G-CSF concen-
tration was higher in the GSV when compared with the
upper limb of the patients, just as it was in the nonstimulated
samples. When stimulated samples were compared between
the groups, eotaxin levels were higher in the CVD group
and IL-5 and MCP-1 concentrations were lower when com-
pared with controls. The lymphocytes in the control group
produced significantly more MCP-1 in reaction to PHA than
in the CVD group. No differences in VEGF concentrations
were found between the groups. Very few studies discuss
the role of the above factors in the CVD. In a study of chronic

venous ulcer wounds, the MCP-1 concentration was elevated
in the wound tissue and in the healing process, its concentra-
tions increased [43]. In a study comparing cytokine concen-
trations in general circulation between a healthy group and
CVD patients, MCP had lower concentrations in the CVD
group [41]. A study comparing cytokine concentrations
before and after surgical flow correction (so-called CHIVA
procedure) showed significantly higher MCP-1 concentra-
tions after the surgery [12]. MCP-1 is produced by a multi-
tude of cells and acts not only as a chemotactic agent but
also as an angiogenesis promotor [44, 45]. All the above
results indicate the importance of MCP-1 in tissue repair
[12]. Its lower concentration in the incompetent veins sug-
gests its impact on impaired tissue healing in CVD. However,
a study by Tisato et al. showed higher MCP-1 concentrations

Table 1: Comparison of the cytokine concentrations between samples with PHA-stimulated and unstimulated lymphocytes.

Cytokine
CVD group

Control group—upper limb
Lower limb Upper limb

Eotaxin p < 0 001 p < 0 001 p < 0 05
IL-8 p < 0 05 p < 0 05 NS

MIP-1A p < 0 001 p < 0 001 p < 0 05
MIP-1B NS NS NS

IP-10 p < 0 000001 p < 0 000001 p < 0 05
MCP-1 p < 0 00001 p < 0 0001 p < 0 05
IL-5 NS NS p < 0 05
FGF NS p < 0 05 p < 0 05
G-CSF p < 0 000001 p < 0 000001 p < 0 05
GM-CSF NS p < 0 05 NS

PDGF-BB NS NS NS

VEGF p < 0 05 p < 0 0001 NS

Statistically significant increase of concentration in PHA-stimulated samples: p ≤ 0 05. NS: no significant change in cytokine concentration, p > 0 05.
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Figure 6: Comparison of G-CSF concentrations in the upper (G-CSF PHA-UL) and lower limb samples (G-CSF PHA-LL) in the CVD group,
cultured with PHA stimulation.
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in CVD group when compared to controls [36]; therefore,
more studies would be required to determine the role of
these cytokines.

The increased concentration of eotaxin in the stimu-
lated samples of CVD patients supports the hypothesis of
the important role of inflammation in this disease. How-
ever, in another study, eotaxin was decreased along with
other cytokines in varicose patients. The authors of the
study concluded that a generally less varied inflammatory
network seems to be present in CVD patients [42]. In
our study, apart from VEGF (lower concentrations in the

CVD group in the nonstimulated samples), IL-5 was
present in significantly lower concentrations in the CVD
group in the stimulated samples. This interleukin affects
mainly eosinophils, basophils, and mast cells, and it is
widely examined as a target in hypereosinophilic condi-
tions [46, 47].

Other cytokines analyzed in this study were IL-8, IP-10,
FGF, GM-CSF, and PDGF-BB and they did not show any
significant differences in concentrations between samples.
Contradictory results concerning PDGF-BB concentration
in incompetent veins have been published [13, 42]. The
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aforementioned study assessing the effect of CHIVA on cyto-
kine concentrations described a decrease in IP-10 and its
increase after surgical flow correction [12]. Elevated concen-
trations of GM-CSF have also been noted [36].

In this study, only eotaxin and G-CSF showed signifi-
cantly higher concentrations locally in the incompetent
saphenofemoral junction in comparison with the cubital
vein. This suggests that the turbulent flow may have a
stimulating impact on the production of these cytokines by
lymphocytes in CVD. However, other chemokines and GFs
did not show any significant local concentration changes.
Samples derived from the calf varices would have been
exposed to more stasis and therefore other local changes in
the concentrations of chemokines and GFs could have been
revealed. However, blood would inevitably come from differ-
ent tributaries in each patient and therefore we found it less
comparable. Drawing the blood from the calf region of the
great saphenous vein would also result in less comparable
samples as the GSV is not exposed at the same level in all
patients. The choice of saphenofemoral junction assured that
the samples were obtained from the same anatomical region
with most evident oscillatory flow.

Another limitation of this study is that no samples were
obtained from the lower limb veins of healthy subjects. Tak-
ing blood samples from both the upper and lower limbs of
healthy volunteers would expose them to too much distress
and therefore has not been suggested. Some researchers have
used samples from GSV grafts from patients undergoing car-
diac bypass surgery as controls [6]; however, we considered
such a group of patients most probably subject to numerous
factors altering their immunological state (e.g., atherosclero-
sis, acetylsalicylic acid intake) and therefore not suitable for
this study.

The potential of the lymphocytes in the incompetent
veins to respond to activating factors was tested by addition
of PHA to the cultures. PHA is a lymphocyte T stimulant.

Therefore, the lymphocyte B response to stimulation was
not assessed and requires further study.

The low number of patients is definitely another limita-
tion of this study. The same problem was also met by other
authors working on a similar subject [8, 12, 42, 48]. The
unanimous results of the studies concerning cytokines in
CVD require further investigation with larger groups of
patients in order to determine the role of cytokines in CVD
and the impact of the oscillatory flow on the functioning of
immunological cells.

4. Conclusions

The results obtained in this study show that CVD lympho-
cytes produce cytokines responsible for recruiting inflamma-
tory cells, angiogenesis, and tissue healing in significantly
different concentrations in comparison with a healthy group.
The differences are also present when GSV samples are com-
pared with the patients’ general circulation. This supports the
theory that the turbulent flow present in the incompetent
veins affects the functioning of the immunological cells,
which may have an important impact on the pathogenesis
of the disease. The exact nature of these changes requires
further investigation in larger groups of patients.

Data Availability

The Bio-Plex data used to support the findings of this study
are available from the corresponding author upon request.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this paper.

3500

3000

2500

2000
M

CP
-1

 P
H

A-
U

L 
(p

g/
m

l)
1500

1000

50

Control

p < 0.001

CVD group
0

2086

1351

Median
25%-75%
Min-max

Figure 9: Comparison of the MCP-1 concentrations in the upper limb samples (MCP-1 PHA-UL) between the CVD and control groups,
cultured with PHA stimulation.

8 Mediators of Inflammation



Acknowledgments

Special thanks to Ewelina Szliszka, PhD, D.Sc., for the clinical
supervision of the study and to Zygmunt Fiutek, PhD, and
his team for giving us access to the patients and the immense
help with acquisition of the samples. This work was
supported by the Medical University of Silesia (KNW
1-066/N/8/O) and the project “Silesian BIO-FARM-Centre
for Biotechnology.”

References

[1] E. Rabe, G. Berboth, and F. Pannier, “Epidemiology of chronic
venous diseases,” Wiener Medizinische Wochenschrift,
vol. 166, no. 9-10, pp. 260–263, 2016.

[2] E. Rabe, J. J. Guex, A. Puskas, A. Scuderi, F. Fernandez
Quesada, and VCP Coordinators, “Epidemiology of chronic
venous disorders in geographically diverse populations:
results from the vein consult program,” International
Angiology, vol. 31, no. 2, pp. 105–115, 2012.

[3] F. G. R. Fowkes, C. J. Evans, and A. J. Lee, “Prevalence and risk
factors of chronic venous insufficiency,” Angiology, vol. 52,
Supplement 1, pp. S5–S15, 2001.

[4] A. Jawień, “The influence of environmental factors in chronic
venous insufficiency,” Angiology, vol. 54, Supplement 1,
pp. S19–S31, 2003.

[5] A. H. Sprague and R. A. Khalil, “Inflammatory cytokines in
vascular dysfunction and vascular disease,” Biochemical
Pharmacology, vol. 78, no. 6, pp. 539–552, 2009.

[6] G. L. Sayer and P. D. C. Smith, “Immunocytochemical charac-
terisation of the inflammatory cell infiltrate of varicose veins,”
European Journal of Vascular and Endovascular Surgery,
vol. 28, no. 5, pp. 479–483, 2004.

[7] T. Ono, J. J. Bergan, G. W. Schmid-Schonbein, and S. Takase,
“Monocyte infiltration into venous valves,” Journal of Vascular
Surgery, vol. 27, no. 1, pp. 158–166, 1998.

[8] V. Tisato, G. Zauli, R. Voltan et al., “Endothelial cells obtained
from patients affected by chronic venous disease exhibit a
pro-inflammatory phenotype,” PLoS One, vol. 7, no. 6, article
e39543, 2012.

[9] E. Grudzinska and Z. P. Czuba, “Immunological aspects of
chronic venous disease pathogenesis,” Central European
Journal of Immunology, vol. 4, no. 4, pp. 525–531, 2014.

[10] J. Buján, G. Pascual, and J. M. Bellón, “Interaction between
ageing, inflammation process, and the occurence of varicose
veins,” Phlebolymphology, vol. 15, no. 4, pp. 123–130, 2008.

[11] B. Guzik, M. Chwała, P. Matusik et al., “Mechanisms of
increased vascular superoxide production in human varicose
veins,” Polskie Archiwum Medycyny Wewnetrznej, vol. 121,
no. 9, pp. 279–286, 2011.

[12] P. Zamboni, P. Spath, V. Tisato et al., “Oscillatory flow sup-
pression improves inflammation in chronic venous disease,”
Journal of Surgical Research, vol. 205, no. 1, pp. 238–245, 2016.

[13] V. Tisato, P. Zamboni, E. Menegatti et al., “Endothelial
PDGF-BB produced ex vivo correlates with relevant hemody-
namic parameters in patients affected by chronic venous
disease,” Cytokine, vol. 63, no. 2, pp. 92–96, 2013.

[14] B. B. Lee, A. N. Nicolaides, K. Myers et al., “Venous hemody-
namic changes in lower limb venous disease: the UIP consen-
sus according to scientific evidence,” International Angiology,
vol. 35, no. 3, pp. 236–352, 2016.

[15] J. D. Raffetto and F. Mannello, “Pathophysiology of chronic
venous disease,” International Angiology, vol. 33, no. 3,
pp. 212–221, 2014.

[16] P. Poredos, A. Spirkoska, T. Rucigaj, J. Fareed, and M. K.
Jezovnik, “Do blood constituents in varicose veins differ
from the systemic blood constituents?,” European Journal
of Vascular and Endovascular Surgery, vol. 50, no. 2,
pp. 250–256, 2015.

[17] E. Grudzińska, A. Lekstan, E. Szliszka, and Z. P. Czuba, “Cyto-
kines produced by lymphocytes in the incompetent great
saphenous vein,”Mediators of Inflammation, vol. 2018, Article
ID 7161346, 8 pages, 2018.

[18] C. Michiels, T. Arnould, and J. Remacle, “Endothelial cell
responses to hypoxia: initiation of a cascade of cellular
interactions,” Biochimica et Biophysica Acta, vol. 1497,
no. 1, pp. 1–10, 2000.

[19] S. Nomura, K. Yoshimura, N. Akiyama et al., “HMG-CoA
reductase inhibitors reduce matrix metalloproteinase-9 activ-
ity in human varicose veins,” European Surgical Research,
vol. 37, no. 6, pp. 370–378, 2005.

[20] A. K. Charles and G. A. Gresham, “Histopathological
changes in venous grafts and in varicose and non-varicose
veins,” Journal of Clinical Pathology, vol. 46, no. 7, pp. 603–
606, 1993.

[21] M. A. Wali and R. A. Eid, “Intimal changes in varicose veins:
an ultrastructural study,” Journal of Smooth Muscle Research,
vol. 38, no. 3, pp. 63–74, 2002.

[22] A. M. Asbeutah, S. K. Asfar, H. Safar et al., “In vivo and in vitro
assessment of human saphenous vein wall changes,” The Open
Cardiovascular Medicine Journal, vol. 1, no. 1, pp. 15–21, 2007.

[23] J. Birdina, M. Pilmane, and A. Ligers, “The morphofunctional
changes in the wall of varicose veins,” Annals of Vascular
Surgery, vol. 42, pp. 274–284, 2017.

[24] J. D. Lee, W. K. Yang, and C. H. Lai, “Involved intrinsic apo-
ptotic pathway in the varicocele and varicose veins,” Annals
of Vascular Surgery, vol. 24, no. 6, pp. 768–774, 2010.

[25] Y. Xu, Y. Bei, Y. Li, and H. Chu, “Phenotypic and functional
transformation in smooth muscle cells derived from varicose
veins,” Journal of Vascular Surgery: Venous and Lymphatic
Disorders, vol. 5, no. 5, pp. 723–733, 2017.

[26] P. Sansilvestri-Morel, A. Rupin, C. Badier-Commander et al.,
“Imbalance in the synthesis of collagen type I and collagen
type III in smooth muscle cells derived from human varicose
veins,” Journal of Vascular Research, vol. 38, no. 6, pp. 560–
568, 2001.

[27] P. Sansilvestri-Morel, F. Fioretti, A. Rupin et al., “Comparison
of extracellular matrix in skin and saphenous veins from
patients with varicose veins: does the skin reflect venous
matrix changes?,” Clinical Science, vol. 112, no. 4, pp. 229–
239, 2007.

[28] P. Sansilvestri-Morel, A. Rupin, C. Badier-Commander,
J.-N. Fabiani, and T. J. Verbeuren, “Chronic venous insuffi-
ciency: dysregulation of collagen synthesis,” Angiology,
vol. 54, Supplement 1, pp. S13–S18, 2003.

[29] S. M. H. Ghaderian and Z. Khodaii, “Tissue remodeling inves-
tigation in varicose veins,” International Journal of Molecular
and Cellular Medicine, vol. 1, no. 1, pp. 50–61, 2012.

[30] M. Kurzawski, A. Modrzejewski, A. Pawlik, and M. Droździk,
“Polymorphism of matrix metalloproteinase genes (MMP1
and MMP3) in patients with varicose veins,” Clinical and
Experimental Dermatology, vol. 34, no. 5, pp. 613–617, 2009.

9Mediators of Inflammation



[31] E. Ascher, T. Jacob, A. Hingorani, B. Tsemekhin, and
Y. Gunduz, “Expression of molecular mediators of apoptosis
and their role in the pathogenesis of lower-extremity varicose
veins,” Journal of Vascular Surgery, vol. 33, no. 5, pp. 1080–
1086, 2001.

[32] R. Castro-Ferreira, R. Cardoso, A. Leite-Moreira, and
A. Mansilha, “The role of endothelial dysfunction and inflam-
mation in chronic venous disease,” Annals of Vascular Surgery,
vol. 46, pp. 380–393, 2018.

[33] M. Saharay, D. A. Shields, J. B. Porter, J. H. Scurr, and P. D.
Coleridge Smith, “Leukocyte activity in the microcirculation
of the leg in patients with chronic venous disease,” Journal of
Vascular Surgery, vol. 26, no. 2, pp. 265–273, 1997.

[34] M. Simka, “Cellular and molecular mechanisms of venous leg
ulcers development-the “puzzle” theory,” International
Angiology, vol. 29, no. 1, pp. 1–19, 2010.

[35] M. Maurer and E. Von Stebut, “Macrophage inflammatory
protein-1,” The International Journal of Biochemistry & Cell
Biology, vol. 36, no. 10, pp. 1882–1886, 2004.

[36] V. Tisato, G. Zauli, E. Rimondi et al., “Inhibitory effect of nat-
ural anti-inflammatory compounds on cytokines released by
chronic venous disease patient-derived endothelial cells,”
Mediators of Inflammation, vol. 2013, Article ID 423407, 13
pages, 2013.

[37] N. A. Al-Zoubi, R. J. Yaghan, T. S. Mazahreh et al., “Evaluation
of plasma growth factors (VEGF, PDGF, EGF, ANG1, and
ANG2) in patients with varicose veins before and after treat-
ment with endovenous laser ablation,” Photomedicine and
Laser Surgery, vol. 36, no. 3, pp. 169–173, 2018.

[38] S. S. Shoab, J. H. Scurr, and P. D. Coleridge-Smith, “Increased
plasma vascular endothelial growth factor among patients with
chronic venous disease,” Journal of Vascular Surgery, vol. 28,
no. 3, pp. 535–540, 1998.

[39] P. D. Smith, “Neutrophil activation and mediators of inflam-
mation in chronic venous insufficiency,” Journal of Vascular
Research, vol. 36, no. 1, pp. 24–36, 1999.

[40] L. J. Bendall and K. F. Bradstock, “G-CSF: from granulopoietic
stimulant to bone marrow stem cell mobilizing agent,” Cyto-
kine & Growth Factor Reviews, vol. 25, no. 4, pp. 355–367,
2014.

[41] T. Adar, S. Shteingart, A. Ben Ya'acov, A. Bar-Gil Shitrit, and
E. Goldin, “From airway inflammation to inflammatory bowel
disease: eotaxin-1, a key regulator of intestinal inflammation,”
Clinical Immunology, vol. 153, no. 1, pp. 199–208, 2014.

[42] U. Sachdev, L. Vodovotz, J. Bitner et al., “Suppressed networks
of inflammatory mediators characterize chronic venous insuf-
ficiency,” Journal of Vascular Surgery: Venous and Lymphatic
Disorders, vol. 6, no. 3, pp. 358–366, 2018.

[43] D. P. Fivenson, D. T. Faria, B. J. Nickoloff et al., “Chemokine
and inflammatory cytokine changes during chronic wound
healing,” Wound Repair and Regeneration, vol. 5, no. 4,
pp. 310–322, 1997.

[44] A. Roy and P. E. Kolattukudy, “Monocyte chemotactic
protein-induced protein (MCPIP) promotes inflammatory
angiogenesis via sequential induction of oxidative stress, endo-
plasmic reticulum stress and autophagy,” Cellular Signalling,
vol. 24, no. 11, pp. 2123–2131, 2012.

[45] A. Yadav, V. Saini, and S. Arora, “MCP-1: chemoattractant
with a role beyond immunity: a review,” Clinica Chimica Acta,
vol. 411, no. 21-22, pp. 1570–1579, 2010.

[46] F. Roufosse, “Targeting the interleukin-5 pathway for treat-
ment of eosinophilic conditions other than asthma,” Frontiers
in Medicine, vol. 5, 2018.

[47] K. Takatsu, “Interleukin-5 and IL-5 receptor in health and dis-
eases,” Proceedings of the Japan Academy, Series B, vol. 87,
no. 8, pp. 463–485, 2011.

[48] V. Tisato, G. Zauli, S. Gianesini et al., “Modulation of circulat-
ing cytokine-chemokine profile in patients affected by chronic
venous insufficiency undergoing surgical hemodynamic cor-
rection,” Journal of Immunology Research, vol. 2014, Article
ID 473765, 10 pages, 2014.

10 Mediators of Inflammation



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

