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INTRODUCTION

Venous thromboembolism (VTE) is the most prevalent
vascular disease after acute myocardial infarction and
stroke. It is appeared by two main clinical events: deep
venous thrombosis (DVT) and pulmonary embolism.™

DVT and its sequel are associated with significant
morbidity and mortality. Clinical diagnosis is insensitive
and inaccurate because the common signs and symptoms
of the disease overlap considerably with other conditions.”?
Itis unacceptable to diagnose DVT clinically and commit
patients to the risks associated with anticoagulation
without confirmatory objective testing.!

The presence of a residual thrombus after the first
episode of DVT is a separate risk factor for recurrence.
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After the first episode of VTE, patients are forty times
more likely to develop a recurrent event compared to
previously unaffected individuals.™

Venous duplex ultrasonography (US) is the first-line
investigation for the vast majority of patients with
suspected DVT; however, itis difficult and less sensitive
in patients with obesity, edema, tenderness, recent hip
or knee arthroplasty, cast, overlying bandages, and
immobilization devices.®!

D-dimer (DD) is a marker of endogenous fibrinolysis
and should, therefore, be detectable in patients with
DVT. Several studies have shown that the DD assay has
a high negative predictive value and is a sensitive but
not specific marker of DVT because elevated DD may
be present due to various causes such as liver disease,
high rheumatoid factor, and many other conditions.!!
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However, the safety and added value of relying on anegative
DD test to exclude a diagnosis of DVT remain controversial.
Thus, the discovery of a single laboratory marker that would
confirm the diagnosis of the disease could be considered the
holy grail of clinical medicine.”

Platelet-derived growth factor (PDGF) is composed of two
homologous polypeptide chains (A and B), both chains can
be produced by platelets, macrophages, and endothelial
cells, whereas vascular smooth muscle cell produces only
PDFG-A chains.®

PDGEFB was expressed in endothelium and platelets, so it
is a key cell types in thrombosis development.”? PDGFs
have been reported to induce pathological mesenchymal
responses in a variety of vascular disorders, including
atherosclerosis, pulmonary hypertension, and restenosis,
but it has not been linked to VTE previously.!"”

Virchow’s triad involves three contributing risk factors
for DVT favoring clot formation of venous stasis, vascular
injury, and hypercoagulability. A venous thrombus consists
of two components, an outer red cell dense fibrin clot and
an inner platelet-rich white thrombus called lines of Zahn.!"!!

At the site of vascular injury, platelets are activated by
adhesion to the subendothelium to form the thrombus,
leading to the release of some factors stored in platelets
as cytokines and growth factors.” Among these factors,
PDGE-B is stored in the o-granules of the platelets and
is released in the platelet release reaction; therefore, an
increase in plasma PDGF will reflect a state of platelet
activation.!'®

If a PDGF-B concentration was superior to a standard value
in healthy or normal controls, this indicates a presence or
risk of developing thrombosis.™ The levels of PDGF-B
are a significantly higher concentration of more than 10%,
preferably more than 20%, 30%, 40%, or 50%, in patients
with VTE.[')

Results from the VEREMA affinity proteomics study were
identified PDGF as a novel VTE-associated plasma protein
and need other studies of further investigation.!'®!

Hence, in our work, we aimed to evaluate the role of PDGF-B
as a new marker of DVT and its correlation with other
radiological and laboratory tools used for the diagnosis.

PATIENTS AND METHODS

Study design
It is a case—control study.
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Study participants

This study enrolled forty patients selected from our
university hospital between April 2018 and August 2018,
who suffered from venous thrombosis of the lower limbs
and twenty control samples.

Inclusion criteria

The participants were categorized into the following two
groups: Group I (n=20) consisted of patients diagnosed with
acute venous thrombosis and Group II (n = 20) consisted of
patients diagnosed with chronic venous thrombosis.

Exclusion criteria

Patients with congenital thrombophilia (antithrombin,
protein S and protein C deficiencies, homozygosity V Leiden
or the G20210A polymorphism in prothrombin gene or
heterozygosity) were excluded. In addition, patients with
active cancer within the last 5 years, liver failure, kidney
failure, and antiphospholipid syndrome and patients with
menopausal replacement therapy or estrogen-containing
hormonal contraceptive pills were excluded from the study.

The matching criteria
The controls were age and sex matched, free of personal
history of venous and arterial thrombotic disease.

Ethical considerations

The study was conducted according to the World Medical
Association Declaration of Helsinki for studies on human
subjects. It was approved by the Institutional Review Board
of our institution, and a written informed consent was
obtained from all patients.

Procedures and variables assessment

All patients were subjected to a detailed medical history,
clinical examination, venous duplex US, and laboratory
investigations.

Clinical examination

DVT may be asymptomatic or cause pain and swelling,
tenderness, discoloration, or redness of the affected area in
an extremity, and skin that is warm to the touch specifically
in acute type.

Diagnosis of DVT either acute or chronic clinically is hard
distinguished between them or even between DVT and
other DD with the same symptoms but less serious like
cellulitis or a pulled muscle. But may reach to diagnosis by
history, duration of insult, and physical examination and is
confirmed by objective testing, typically with duplex US.

Radiological examination by venous duplex ultrasonography
In acute DVT, the diagnostic US criteria remain
noncompressibility of the vein with being hypoechoic
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thrombus within the vein lumen, venous distention,
complete absence of spectral or color Doppler signal within
the vein lumen, loss of flow phasicity, and loss of response
to Valsalva or augmentation. In chronic DVT, the vein
is incompressible, narrow, and irregular and shows an
echogenic thrombus attached to the venous walls with the
development of collaterals.

All patients with chronic DVT in our research receive warfarin
treatment. Warfarin inhibits the Vitamin K epoxide reductase
complex 1, which is an essential enzyme for activating the
Vitamin K in the body. Through this mechanism, warfarin can
deplete functional Vitamin K reserves and therefore reduce
the synthesis of active clotting factors II, VII, IX, and X in the
liver, so warfarin does not suppress platelet aggregation. And
therefore, warfarin has no effect on PDGF-B.

Laboratory investigations

Laboratory investigations including complete blood count
using SYSMEX KX21N (Japan), biochemical analysis using
Cobas 311 (Germany) for kidney function, liver function,
and fasting blood glucose, coagulation profile using Stago
STA (France), and DD using Immulite 1000 (USA).

Then, protein expression of PDGE-B is analyzed using the
Western blotting technique as illustrated in Figure 1.

Plasma samples were fractionated through 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis. Equal
amounts of protein (30 ug) were separated and transferred
onto Hybond™ nylon membranes (GE Healthcare,
Buckinghamshire, UK). Inmunoblots were probed with the
primary antibody; anti-PDGF-B (ab23914 Abcam, Cambridge,
UK) at 4°C overnight. The membranes were then washed
and incubated with horseradish peroxidase-conjugated
secondary antibodies. Immunoreactive bands were
visualized using a gel documentation system (GelDoc-it,
UVP, England) and Total lab analysis software (CLIQS,
liverpool, UK), www.totallab.com (Ver. 1.0.1).
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Figure 1: Western blotting analysis of platelet-derived growth factor-beta antibody
for control (1 and 2), Group | (acute cases 1, 2, 3, and 4), and Group Il (chronic
1, 2, 3, and 4) samples

3 Journal of Research in Medical Sciences

Statistical methods

Data were coded and entered using the Statistical Package
for the Social Sciences version 25 (IBM Corp., Armonk,
NY, USA). Data were summarized as the mean, standard
deviation (SD), and median for the quantitative data and as
the frequency (count) and relative frequency (percentage)
for the categorical data. Comparisons between groups
were assessed using the analysis of variance with the
multiple comparisons post hoc test when comparing more
than two groups or the unpaired t-test when comparing
two groups in normally distributed quantitative variables.
The nonparametric Kruskal-Wallis and Mann-Whitney
tests were used for nonnormally distributed quantitative
variables. Normality of data was double checked by
normality plot and Shapiro Wilk test some of the data was
not normally distributed so it was presented by median
and range beside mean and SD. in case of non-normally
distributed data, posthoc test was done by Mann Whitney test
corrected by Bonferroni correction of multiple comparisons.
For comparing categorical data, the Chi-square (x?) test
was performed. An exact test was used when the expected
frequency was <5. Correlations between quantitative
variables were performed using Spearman’s correlation
coefficient. P < 0.05 was considered statistically significant
and P <0.01 was considered highly statistically significant.

RESULTS

Forty patients (19 males and 21 females) aged from 33
to 65 years with a mean of 49 + 7 years and a median of
49 years. A total of 20 samples were collected from age- and
gender (8 males and 12 females)-matched apparently
healthy controls, to be used as a control group. Ages of the
control group ranged from 33 to 60 years with a mean of
43.3 + 8.25 years and a median of 41 years.

Different demographic and laboratory parameters for
case and control groups are shown in Table 1. There was
a highly significant increase in DD and PDFG-B in all
cases (3.26 = 4.42 and 23.42 + 2.87, respectively) compared
to that in the control group (0.26 + 0.09 and 18.95 + 1.54,
respectively) with P <0.001 for both.

The comparison between DD and PDGF-B in Group I,
Group II, and the control group is shown in Table 2. There
was a highly significant increase in PDGF-B in chronic venous
thrombosis cases compared to that in the acute venous
thrombosis cases and the control group (P=0.001 and <0.001,
respectively), and in acute venous thrombosis, PDGF-B was
increased compared to that in the control group (P < 0.001).

There was a highly significant correlation between DD and
PDGE-B in all cases and the control group (P < 0.001) as

illustrated in Figure 2.

| 2019 |



Alhabibi, et al.: PDGF-B and DVT

Table 1: Comparison of different demographic and laboratory parameters in the studied groups

Cases (n=40) Controls (n=20) P

Sex, n (%)

Male 19 (47.5) 8 (40) 0.582

Female 21 (52.5) 12 (60)
Diabetes mellitus, n (%)

Yes 5 (12.5) 0 0.159

No 35 (87.5) 20 (100.0)
Hypertension, n (%)

Yes 8 (20) 0 0.043

No 32 (80) 20 (100)
Age (years), mean+SD 49+7 43.3+8.25 0.011
WBCs (x10°/L), mean+SD (median) 8.57%5.65 (7.00) 7.08+2.35 (6.80) 0.447
RBCs (x102/L), mean+SD (median) 4.06+0.88 (4.20) 4.68+0.49 (4.70) 0.001
Hb (gm/dL), mean+SD (median) 10.97+2.29 (10.90) 13.3+1.32 (13.05) <0.001
Platelet (x10?/L), mean+SD and (median) 265.53+114.54 (251.00) 238.8+47.66 (242.00) 0.616
PT (s), mean+SD (median) 13.98+2.82 (12.85) 12.9+0.61 (13.00) 0.025
PC (%), mean+SD (median) 84.24+19.61 (90.00) 98.45+4.24 (100.00) <0.001
INR, mean+SD (median) 1.25+0.43 (1.09) 1.01£0.03 (1.00) 0.001
APTT (s), mean+SD (median) 60.98+22.15 (59.50) 31.68+4.64 (31.00) <0.001
D-dimer (ng/ml), mean+SD (median) 3.26+4.42 (1.35) 0.26+0.09 (0.25) <0.001
Percentage of protein expression of PDGF-B, mean+SD (median) 23.42+2.87 (23.00) 18.95+1.54 (19.00) <0.001

P<0.05 was considered statistically significant and P<0.01 was considered highly significant. SD=Standard deviation; WBCs=White blood cells; RBCs=Red blood
cells; Hb=Hemoglobin; PT=Prothrombin time; PC=Prothrombin concentration; INR=International normalization ratio; APTT=Activated partial thromboplastin time;
PDGF-B=Platelet-derived growth factor-beta

Table 2: Comparison of previous highly significant parameters in acute venous thrombosis cases (Group I), chronic
venous thrombosis cases (Group Il), and control group

Mean=SD (median) Pi P2 P3
Group | (n=20) Group Il (n=20) Controls (n=20)
D-dimer (ng/L) 4.4+4.84 (2.45) 2.12+3.75 (0.40) 0.26+0.09 (25) 0.003 <0.001 <0.001
Percentage PDGF-B 21.95+1.73 (22.00) 24.943.06 (25.50) 18.95+1.54 (19.00) 0.001 <0.001 <0.001
Hb (gm/dL) 10.96+2.34 (10.90) 10.98+2.30 (10.95) 13.3+1.32 (13.05) 0.979 <0.001 <0.001
PC (%) 92.05+5.02 (93.00) 76.43+25.21 (90.00) 98.45+4.24 (100.00) 0.013 <0.001 0.001
APTT (s) 82.45+5.47 (82.50) 39.50+2.52 (39.50) 31.68+4.64 (31.00) <0.001 <0.001 <0.001

P1=P-value between Group | and Group II; P2=P-value between Group | and the controls group; P3=P-value between Group Il and the control group; SD=Standard deviation;
Hb=Hemoglobin; PC=Prothrombin concentration; APTT=Activated partial thromboplastin time

between cases and control is shown in Table 3. The cutoff
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® The specificity and sensitivity of PDGF-B were 95%
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Figure 2: The correlation coefficient between D-dimer and platelet-derived growth . .
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Table 3: The output data of the receiver operating characteristic curve for discriminative power of platelet-derived
growth factor-beta and D-dimer to differentiate between cases and control

Area under curve 95% ClI P Cutoff value Sensitivity (%) Specificity (%)
Lower bound Upper bound
Percentage PDGF-B 0.913 0.844 0.982 <0.001 21.5 72.5 95
D-dimer 0.940 0.883 0.997 <0.001 0.375 90 90

Cl=Confidence interval; PDGF-B=Platelet-derived growth factor-beta

proteoglycans on the cell surface. Thus, they have an
important role in the coagulation process.!”

The expression of PDFG-B was found to be higher
following the vascular injury to promote vascular
smooth muscle cell proliferation and migration in the
subendothelial region.*"!

Venous thromboembolism biomarker (VEBIOS) study was
the first large-scale comprehensive screening for plasma
proteomic biomarkers for VTE risk and was proofed
that PDGF-B is a novel plasma biomarker for VTE, the
inventors aimed to identify novel biomarkers that may
improve current clinical diagnosis and prediction tools
for VTE risk. They conducted a high-throughput affinity
plasma proteomic screening targeting about 400 proteins
in relation to VTE risk in a case—control study composed
of 88 VTE patients and 85 controls from Sweden. Main
findings were replicated in an independent French
sample collection (FARIVE) enrolling 580 cases and 589
controls.?

Plasma levels of PDGF-B were found associated with VTE
in VEBIOS and FARIVE. The significance for the association
of PDGF-B protein with VTE risk was P = 0.002.0'!

As a continuation in researches in this subject, we aimed in
this study to demonstrate the role of PDGE-B as a specific
indicator for DVT.

The present study showed highly significant increase in
PDFG-B in all cases compared to control group (23.42
and 18.95, respectively) with P < 0.001. In addition, there
was highly significant increase in PDFG-B in both acute
and chronic cases of deep venous thrombosis compared
to control group (21.95, 24.9, and 18.95, respectively).
These results are in accordance with Bruzelius et al. which
identified PDGF-B as a novel VTE-associated plasma
protein and demonstrated the feasibility of proteome-wide
screenings for novel biomarkers for DVT.['!

The present study found that DD shows a highly significant
increase in cases compared to the control group (3.26 and
0.26, respectively) with P < 0.001; furthermore, there was
highly significant increase in DD in both acute and chronic
cases compared to the control group (4.4 + 2.12 and 0.26,
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respectively) with P value of 0.003, <0.001, and < 0.001,
respectively.

Regarding the discriminative power of PDGF-B and DD to
differentiate between cases and controls, the present study
stated that the specificity of PDGF-B was greater than that
of DD (95% and 90%, respectively). Thus, we found that
PDGE-B was more specific than DD in cases of DVT and
was an important tool for the accurate diagnosis of DVT.
Therefore, DD can be used as a screening test followed by
the estimation of PDGF-B expression in positive cases to
confirm the diagnosis because elevated DD may be present
in various conditions such as inflammation, pregnancy,
liver disease, and cancer. This is in agreement with the
study by Owaidah et al., which found that a negative DD
result can rule out thrombosis in patients with a low pretest
probability score; however, the pretest probability score is
less sensitive for DVT and cannot rule out patients with
thrombosis.”!

The study by Heim et al. found that there was a wide
variation in the sensitivities of DD for the diagnosis of
DVT and an even wider variation in specificities; thus, they
did not support the general use of the DD assay alone as a
standard test to rule out DVT.2!

The study by Wells et al. also demonstrated that DVT could
be ruled out in patients judged clinically unlikely to have
DVT, and a negative DD test and US could be safely omitted
in such patients.??

In addition, PDGF-B was found to be higher in chronic DVT
cases versus acute cases; therefore, it can be used for the
diagnosis of chronic cases that to be confused radiologically
by venous duplex US.

This is in agreement with Karande ef al., who demonstrated
that the diagnosis of recurrent DVT is difficult and requires
the knowledge of the extent of a residual thrombus that
is present at the completion of anticoagulant therapy and
depends on the skill of the operator.

CONCLUSION

Every effort should be made to implement the diagnostic
strategies for DVT due to the major limitation of DD testing.
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In our study, we submit a novel association of PDGF-B
plasma levels with DVT considering it a more specific
marker and indicator for acute venous thrombosis and
chronic venous thrombosis cases.
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