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Abstract. – OBJECTIVE: The purpose of this

study was to analyze the relationship between
von Willebrand factor (vWF) expression and
lymph node metastasis or hemodynamics parameters in PTC. This work will provide a novel
biomarker for the diagnosis of papillary thyroid
carcinoma (PTC).
PATIENTS AND METHODS: A total of 156 PTC
patients were divided into metastatic and non-metastatic groups based on the presence or absence
of lymph node metastasis. The Adler blood flow
grading, color doppler flow imaging (CDFI), and
blood flow index (PSV, PI, RI, AT) were measured
and analyzed between the two groups. The expression of vWF was examined by immunocytochemical assay and quantitative Real-Time Polymerase Chain Reaction (qRT-PCR). The function
of vWF was investigated by methyl thiazolyl tetrazolium (MTT) and the transwell assays.
RESULTS: Both metastatic and non-metastatic groups with the major Adler grades as 0-1 had
abundant blood flows. There was a significant difference in the rate of lymph node metastasis between Adler 2-3 and Adler 0-1. Moreover, the expression of vWF was found to be associated with
lymph node metastasis or Adler blood flow grade
in PTC. Significant differences in peak systolic velocity (PSV), systolic acceleration time (AT), and resistance index (RI) were detected in metastatic and
non-metastatic groups. In addition, the upregulation of vWF was positively correlated with PSV, RI,
and PI in PTC. Functionally, the knockdown of vWF
inhibited the development of PTC by suppressing
cell proliferation, migration, and invasion.
CONCLUSIONS: Abnormal expression of vWF
is closely related to lymph node metastasis and
hemodynamics parameters in PTC patients. Furthermore, vWF plays an oncogene role in PTC
progression.
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Introduction
In recent years, the morbidity of thyroid cancer has dramatically increased1. Papillary thyroid carcinoma (PTC) is one of the most common pathological types of thyroid cancer, with
low malignancy and good prognosis2. However,
lymph node metastasis is prone to occur in PTC,
and the metastasis rate is about 30% - 80%3. In the
early stages, some lymph nodes in PTC patients
are smaller and deeper, and there are no evident
clinical symptoms4. Therefore, it is difficult to diagnose PTC in the early stage. Early and accurate
diagnosis of lymph node metastasis is important
for preoperative evaluations.
Tumor cell growth and metastasis are closely
related to neovascularization, and its proliferation
process is dependent on abundant blood supply5.
Color Doppler Ultrasonography can observe the
blood flow distribution of lymph nodes6. The
small arteries of normal lymph nodes are 1-3,
which are accessed by lymph nodes and distributed in cortex and medulla7. Moreover, the blood
flow to the arteries or veins around the cancer nest
and periphery of the nest increase, invading the
lymph nodes. Because ultrasound examination is
safe, inexpensive, and repeatable, it is easily accepted by patients8. Preoperative color ultrasound

Corresponding Author: Hongjun Sun, MD; e-mail: csfyli@163.com

Lymph node metastasis and hemodynamics in papillary thyroid carcinoma

was used to observe the tumor status of PTC patients, and the blood flow imaging was performed
to examine the blood flow of patients with Color
Doppler9. Analyzing the correlation between preoperative color Doppler flow imaging (CDFI) hemodynamic parameters and lymph node metastasis in PTC patients has important reference value
for the diagnosis of PTC lymph node metastasis.
The thyroid is an endocrine organ with a high
blood supply. Its epithelial cells secrete vascular
epidermal growth factor, fibroblast growth factor,
or placental growth factor10. In the development of
thyroid cancer, various growth factors are highly
expressed, which together promote tumor angiogenesis, local invasion, and metastasis of tumor
cells11. Vascular endothelial cells, megakaryocytes synthesize, secrete Von Willebrand factor
(vWF), and Ferlitsch et al12 have shown that vWF
is involved in tumor metastasis-related pathways.
The upregulation of vWF has been reported to
mediate the subendothelial collagen and blood
platelet, and promote the formation and combination of platelet plug13. vWF can adhere to platelets,
and platelets can adhere to tumor cells. It indicates that vWF can participate in the metastasis
process of tumor cells, which play an important
role in the metastasis of human cancers14. Wakisaka et al15 reported the relationship between vWF
expression and angiogenesis or lymph node metastasis in nasopharyngeal carcinoma. However,
the expression level and function of vWF remains
unclearly in PTC.
In this investigation, immunohistochemistry
and quantitative Real-Time Polymerase Chain Reaction (qRT-PCR) were used to detect the expression of vWF in PTC tissues. We then analyzed the
association of vWF expression with lymph node
metastasis and hemodynamics parameters in PTC
tissues. The purpose of this work was to initially
explore the relationship between vWF and PTC
tumorigenesis.

Patients and Methods
Patients
Between June 2015 and June 2017, 156 PTC
patients ranging in age from 19 to 81 years old
in Shandong Provincial Qianfoshan Hospital
were recruited for the study. Among them, there
were 64 males and 81 females with an average
age of 61.8 ± 4.4 years. The patients were divided
into the metastatic group (n=80) and non-metastatic group (n=65) according to the presence or

absence of metastasis. This study was approved
by the ethics committee of Shandong Provincial
Qianfoshan Hospital.
Hemodynamic Variables
All patients with PTC were examined for CDFI
before surgery to observe the blood flow distribution of thyroid tumors. Adler classification method was adopted for classification: 0, no blood flow
signal was found in the tumor; 1, 1-2 punctate or
short stick blood flow signals can be seen in the
tumor; 2, 3-4 punctate blood flow signals or one
vessel with a clear wall can be seen in the tumor;
3, multiple colored blood flows can be seen in
the tumor, with reticular or patchy distribution,
or two vessels with clear walls. For patients with
Adler blood flow distribution levels 1 to 3, coarse
vessels around and inside the tumor were selected
to measure and calculate the peak systolic velocity (PSV), systolic acceleration time (AT), resistance index (RI), and pulsatile index (PI).
vWF Expression
The PTC tissue removed by surgery was immediately placed in a mixture of 1% paraformaldehyde (Beyotime, Shanghai, China) and 2% glutaraldehyde for 6 to 24 h. After fixation, the PTC
tissue was sliced horizontally to a thickness of 1-2
mm. The PTC tissue was then washed with phosphate-buffered saline (PBS) at pH 7.4. Finally, the
PTC tissue was fixed for another 2 h.
The PTC tissues sections were dewaxed, hydrated, and washed 3 times with PBS for 5 min.
After blocking with 5% goat serum (diluted in
PBS) for 30 min at 37°C, we incubated the cells
with rabbit anti-human vWF monoclonal antibody (1:300, ZSGB-BIO, Beijing, China) at 4°C
overnight. We then washed them three times
with PBS for 5 min. Next, we incubated them
with the Streptavidin/Peroxidase Dye kit (ZSGBBIO, Beijing, China) secondary antibody for 1 h
at room temperature. After washing three times
with PBS, diaminobenzidine (DAB) Substrate Kit
(ZSGB-BIO, Beijing, China) was used for color
development of this section. After 3-5 min, the
section was washed, counterstained, dehydrated, transparentized, and fixed. The images were
captured using a microscope. The percentage of
the positive cells is expressed as: 0 (negative) for
<10%; 1 (weak) for 10-25%; 2 (moderate) for 2550%; 3 (strong) for >50%.
The total RNA in PTC was extracted using
TRIzol reagent (Invitrogen, Carlsbad, CA, USA).
The synthesis of complementary deoxyribonucle2565
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ic acid (cDNA) was performed using PrimeScript
RT Master Mix (TaKaRa, Dalian, China). We
performed qRT-PCR by using SYBR PrimeScript
miRNA RT-PCR Kit (TaKaRa, Dalian, China) on
the ABI 7500 Fast system (Applied Biosystems,
Foster City, CA, USA). Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as a
control for vWF. And the expression of vWF was
calculated using the 2−∆∆ct method.
The Function of vWF in PTC
The TPC-1 cell line was obtained from the
Cell Bank of the Chinese Academy of Sciences
(Shanghai, China). The cell line was then seeded
in Dulbecco’s Modified Eagle’s Medium (DMEM;
Hyclone, South Logan, UT, USA) containing 10%
fetal bovine serum (FBS; Hyclone, South Logan,
UT, USA) and was incubated at 37°C in an incubator with 5% CO2. vWF small-interfering
RNA (siRNA) and negative control (NC) were
purchased from GenePharma (Shanghai, China).
Next, they were transferred to TPC-1 cells using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA), respectively.
TPC-1 cells transfected with vWF siRNA and
negative control (NC) were incubated in 96-well
plates at a density of 4×103 cells. At 24, 48, 72, and
96 h after transfection, the cells were incubated at
37°C in a serum-free medium with 1 mg/mL methyl thiazolyl tetrazolium (MTT; Sigma-Aldrich, St.
Louis, MO, USA) for 4 h. Finally, after removing
the MTT solution, they were dissolved in 100 μL of
dimethyl sulfoxide, and the absorbance was read at
490 nm on a microplate spectrophotometer (Thermo Labsystems, Vantaa, Finland).
Cell migration and invasion were performed
using transwell chambers (8-μm pore size membranes). The lower chamber with 10% FBS was
incubated with 5% CO2 at 37°C. The upper surface with matrigel (BD Biosciences, San Jose,
CA, USA) was then used for cell invasion. And

cell migration assay was performed without
matrigel. Next, 2×103 TPC-1 cells with vWF siRNA and negative control (NC) were cultured in
the upper chamber with serum-free medium. After 48 h, the migrated or invaded cells were fixed
with methanol and stained with crystal violet. Finally, we calculated the number of cells using a
microscope.
Statistical Analysis
The data were analyzed by Statistical Product
and Service Solutions (SPSS) 19.0 (IBM Corp.,
Armonk, NY, USA) and were shown as mean ±
SD (standard deviation). The differences between
groups with or without PTC lymph node metastasis were calculated by Chi-squared test or analysis
of Variance (ANOVA) followed by the post-hoc
test (Least Significant Difference). The Spearman
method was used to examine the correlation between vWF expression and lymph node metastasis or hemodynamics variables. p<0.05 was considered to be a statistically significant difference.

Results
The Lymph Node Metastasis and Adler
Blood Flow Grade in 156 PTC Patients
Lymph node metastasis and hemodynamics in
156 patients with PTC are shown in Table I. Of the
156 surgically treated PTC patients, 119 patients
(76.0%) were at Adler level 0-1 using conventional color Doppler ultrasound. Among them, there
were 43 males and 76 females with an average
age of 46.5 ± 3.2. Postoperative histopathological examination revealed 61 cases of lymph node
metastasis and 58 cases without lymph node metastasis. The lymph node metastasis rate of PTC
patients at Adler level 0-1 was 52.0%. In addition,
37 cases (24.0 %) were detected at Adler level 2-3.
There were 13 males and 24 females with an av-

Table I. The lymph node metastasis and Adler blood flow grade in 156 PTC patients.
Characteristics

0-1 Level

2-3 Level

Adler blood flow grade
119 (76.0%)
Gender		
Male
49
Female
70
Age (years)
46.5±3.2
Lymph nodes metastasis		
Yes
61 (52.0%)
No
58

37 (24.0%)
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24
42.2±2.7
28 (77.1%)
9
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Figure 1. The upregulation of vWF was identified in PTC tissues. A-B, The protein expression of vWF in PTC tissues detected by immunohistochemistry (magnification × 100). *p<0.05

erage age of 42.2 ± 2.7. Of these, 28 cases had
lymph node metastasis, and 9 cases had no lymph
node metastasis. Lymph node metastasis rate was
higher in Adler 2-3 PTC patients (77.1%) than in
Adler 0-1 (52.0 %, p<0.05). However, there was
no significant difference in age and gender between the two groups (p>0.05).

significant difference between the groups with
or without lymph node metastasis (Table II). The
upregulation of vWF was associated with lymph
node metastasis and Adler blood flow grade
(p<0.05), while no significant differences were
observed between vWF expression and age, gender, and tumor size in PTC patient (Table II).

The Associated Between vWF Expression
and Lymph Node Metastasis or Adler
Blood Flow Grade in PTC
Then, the abnormal expression of vWF was
examined in PTC tissues. The results of IHC
showed 102 positive vWF expression and 54 negative expressions in 156 PTC tissues (Figures 1A,
1B, p<0.05). In addition, there was a statistically

The Relationship Between vWF
Expression and Hemodynamics in PTC
In addition, the differences in CDFI blood flow
index between groups with or without lymph node
metastasis in PTC, including PSV, AT, RI, and PI,
were analyzed. As shown in Table III, PSV, RI, and
PI in the metastatic group were significantly higher than those in the non-metastatic group, and the

Table II. The association between vWF expression and the clinic-pathological characteristics of PTC patients.
vWF		
Characteristics

Cases

High

Low

Age (years)				
≥ 60
63
44
19
<60
93
60
33
Gender				
Male
62
40
22
Female
94
64
30
Tumor size (mm)				
≤2
68
48
20
>2
88
56
32
Lymph nodes metastasis				
Yes
89
67
22
No
67
37
30
Adler blood flow grade				
0-1
37
22
15
2-3
119
82
37

p-value
0.23
0.21
1.23
0.014*
0.049*

Statistical analyses were performed by the Chi-squared test. *p<0.05 was considered significant.
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is closely related to PSV, RI, and PI. Finally, the
relationship between the CDFI blood flow index
and vWF expression was investigated in 30 randomly selected PTC tissues. A positive correlation
between vWF expression and PSV (R2=0.3742,
p<0.001), RI (R2=0.6637, p<0.001), and PI
(R2=0.7502, p<0.001) was identified in PTC tissues
(Figures 2A, 2C), indicating that vWF expression
is closely related to hemodynamics and may be involved in the pathogenesis of PTC.
The Knockdown of vWF Inhibited PTC
Progression
Finally, vWF siRNA was transfected into TPC-1
cells to explore its role in PTC. The results showed
that vWF siRNA significantly reduced vWF expression in TPC-1 cells (p<0.01, Figure 3A). Functionally, MTT assay indicated that the knockdown
of vWF inhibited the proliferation of TPC-1 cells
(p<0.01, Figure 3B). Similarly, the knockdown of
vWF also suppressed cell migration and invasion
in TPC-1 cells (p<0.01, Figures 3C, 3D). These
findings suggest that vWF exerts carcinogenic effects in PTC, and the knockdown of vWF inhibits
the development of PTC by suppressing cell proliferation, migration, and invasion.

Discussion

Figure 2. The relationship between vWF expression and
hemodynamics in PTC. A-C, The expression of vWF had
positive correlation with PSV, RI and PI in PTC. **p<0.01.

difference between the two groups was statistically
significant (p<0.05). However, the AT in the metastatic group was lower than that in the non-metastatic group. There was no statistically significant
difference in AT between the two groups. These
results indicate that lymph node metastasis of PTC
2568

The presence or absence of lymph node metastasis in PTC patients is the key to surgical protocol and prognosis16. In this study, the CDFI blood
flow detection rate was higher, and the blood
flow was more abundant in PTC patients at Adler
grades of 0-1. Moreover, a significant difference
was found in the lymph node metastasis rate between Adler 2-3 and Adler 0-1. The reason may be
that malignant tumors secrete angiogenic factors
to enrich blood vessels. However, Liu et al17 have
reported that the Adler blood flow grade of PTC
lesions is mainly 2-3. The difference may be due
to the small size of the PTC tumor, which makes
the tumor blood vessels difficult to display or the
accuracy of the ultrasound instrument.
Lymph node metastasis of PTC is closely related to angiogenesis characteristics and PTC
patients with active angiogenesis had a high possibility of lymph node metastasis18. In this work,
the CDFI indexes in PTC patients with lymph
node metastasis had certain characteristics compared to patients without metastasis. The RI, PI,
and PSV in the metastatic group were significantly higher than those in the non-metastatic group,
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Figure 3. The knockdown of vWF inhibited PTC progression. A, The expression of vWF was examined in TPC-1 cells with
vWF siRNA. B, vWF siRNA regulated the cell proliferation in TPC-1 cells. C-D, Cell migration and invasion analysis were
performed in cells containing vWF siRNA (magnification × 100). **p<0.01.

Table III. The comparison of CDFI blood flow index in PTC patients with or without lymph node metastasis.
Characteristics
PSV (cm/s)
AT (ms)
RI
PI

Group with lymph node
metastasis (n=89)

Group without lymph node
metastasis (n=67)

p-value

87.89±4.32
127.51±71.25
0.79±0.06
2.05±0.63

51.25±3.68
135.92±72.01
0.67±0.07
1.21±0.30

<0.001*
0.523
<0.001*
0.026*

Statistical analyses were performed by ANOVA. *p<0.05 was considered significant.

and the three indicators were positively correlated
with lymph node metastasis of PTC. Our results
are consistent with the findings of previous reports19,20. RI is a hemodynamic indicator of vas-

cular resistance21, and high RI suggests that there
may be more active angiogenesis in the metastasis
group. PI reflects blood flow perfusion ability22,
which can indirectly reflect lymph node metas2569
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tasis of PTC. PSV reflects the peak blood flow
rate in systolic phase23, and the acceleration of
blood flow rate in tumors is considered to meet
the requirement of the rapid growth of tumor cells
compared to normal cells. And large blood flow
demand can provide adequate blood nutrition for
invasion and metastasis of tumor cells24. These
results suggest that the preoperative CDFI examination can help assess lymph node metastasis in
PTC patients, and provide valuable reference information for clinical treatment.
In addition, vWF is highly expressed in PTC
tissues. It was also found that abnormal vWF expression was associated with lymph node metastasis or Adler blood flow grade in PTC. Besides
that, the upregulation of vWF was positively correlated with PSV, RI, and PI in PTC. VWF has
been shown to play an important role in tumor
metastasis. Moreover, the expression levels of
vWF were significantly increased in gastric cancer and gallbladder carcinomas25,26. Furthermore,
the higher expression level of vWF was identified
in the progression and widespread metastasis of
diseases27. It has been reported28 that osteosarcoma tumor cells can be involved in the tumor metastasis process by secreting vWF. The expression
of vWF in metastatic lesions was higher than that
of the primary lesions29. These results indicate
that tumor cells with high vWF expression may
have higher metastatic potential. In this work, the
knockdown of vWF also inhibited cell proliferation, migration, and invasion in PTC. Also, aberrant expression of vWF has been found to be
associated with lymph node metastasis, distant
metastasis, and clinical stage in undifferentiated thyroid cancer30, which is consistent with our
results in PTC. However, a positive correlation
between vWF expression and hemodynamics parameters has not been investigated in PTC. All of
these findings imply that vWF may be involved in
the progression of PTC.

Conclusions
We demonstrated that the upregulation of vWF
was identified in PTC tissues, particularly in PTC
tissues with lymph node metastasis. In addition,
the CDFI blood flow index (PSV, RI, and PI) was
associated with lymph node metastasis in PTC patients. More importantly, the aberrant expression
of vWF was closely related to lymph node metastasis and CDFI blood flow indexes (PSV, RI,
and PI) in PTC. And vWF acts as an oncogene in
2570

the progression of PTC by regulating cell proliferation, migration, and invasion. These findings
suggest that the preoperative examination of vWF
expression may be helpful in assessing lymph
node metastasis and blood flow in PTC, providing
valuable information for clinical procedures.
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