
Abstract. – OBJECTIVE: Delta-like ligand 4
(DLL4)-Notch signaling has an important role in
tumor neovascular development and angiogen-
esis during tumor growth. However, the clinical
significance of DLL4 expression in papillary
thyroid cancer remains unclear to date.

PATIENTS AND METHODS: 207 papillary thy-
roid cancer patients were in the present study.
DLL4 expression in papillary thyroid cancer
was analyzed and evaluated immunohistochem-
ically. The correlation between DLL4 and clini-
copathological factors was also evaluated.

RESULTS: DLL4 expression was showed in
the cytoplasm of papillary thyroid cancer cells
by immunohistochemical staining. DLL4 posi-
tivity in papillary thyroid cancer was found in
112 (54%) of the 207 papillary thyroid cancer
patients. Papillary thyroid cancer DLL4 expres-
sion was significantly correlated with thyroid
tumour invasion and metastasis.

CONCLUSIONS: Overexpression of DLL4 is
associated with thyroid tumour invasion and
metastasis and it may be an effective target of
anti-DLL4 treatment in papillary thyroid cancer.

Key Words:
Delta-like ligamd 4, Invasion and node metastases, Papil-

lary thyroid cancer.

Introduction

Papillary thyroid cancer (PTC) is the most
common endocrine malignancies1. The survival
rate of patients with well-differentiated thyroid
cancer is high, the development of metastasis re-
mains to be the most significant cause in thyroid
cancer mortality2. Multiple pathogenic steps are
related to tumour invasion and metastases, which
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including the proliferation and detachment of tu-
mor cells from the primary neoplasm, invasion of
the surrounding extracellular matrix, angiogene-
sis, lymphatic dissemination or vascular and
eventually, homing of the tumour cells and pro-
liferation at the new sites3. Identification of genes
related to this process will make us target them
for diagnosis or therapeutic intervention in the
future4.

Antiangiogenic agents such as bevacizumab
are used for the treatment of multiple cancers5-7.
These agents target the vascular endothelial
growth factor (VEGF) pathway and suppress an-
giogenesis. de Araujo-Filho et al8 has reported
that VEGF expression was an early event in the
development of papillary thyroid cancer (PTC).
VEGF expression promotes the progression of
PTC. Peng et al9 has recently reported VEGF
Trapon could inhibited papillary thyroid cancer
BC-PAP cell tumor growth, angiogenesis and
blocks the biological function of VEGF in vivo.
In clinical trials, these anti-VEGF agents have
been shown to inhibit tumor progression and
prompt overall survival in breast, colorectal,
glioblastoma and lung cancer10-13. Currently, a
promising antiangiogenetic therapy that is unre-
lated to VEGF-VEGF receptor (VEGFR) signal-
ing has been showed for bevacizumab-refractory
cancer.

One of the most important components of the
Notch signaling pathway being as a promising
target in angiogenesis-based cancer therapy is
DLL414. Studies found that DLL4-FL (DLL4-full
length) expression in endothelial cells could in-
creased tube formation, increased vascular
branching, decreased pericyte recruitment and
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Paraffin-embedded sections (4 µm) were deparaf-
finized and soaked in phosphate buffered saline
(PBS) before immunohistochemical analysis. Anti-
gen retrieval was performed for 20 min in 10 mm
sodium citrate buffer (pH 6) heated at 95oC in a
steamer, followed by cooling for 20 min. After
blocking endogenous peroxidase activity with
0.3% aqueous hydrogen peroxide for 5 min, the
rabbit polyclonal DLL4 antibody (ab103469; Ab-
cam, Cambridge, MA, USA) was diluted to 1:200,
and incubated at room temperature for 12 hours.
The sections were counterstained with Mayer’s
haematoxylin. The distribution of immunolabelling
was determined from a minimum of three repre-
sentative high-power (x200) fields and categorised
into two groups: <10%, negative; >10%, positive.

Statistical Analysis
Statistical analysis was performed with

SPSS11 software (SPSS Inc., Chicago, IL, USA).
x2 and Fisher’s exact tests were used when com-
paring frequencies between groups. Factors inde-
pendently associated with nodal metastasis were
tested by stepwise logistic regression analysis.
Differences were considered statistically signifi-
cant when the p-value was <0.05.

Results

DLL4 Expression in PTC Tissues
DLL4 was overexpressed in the cytoplasm of

PTC cells, 112 (54%) patients were positive in
the PTC (Figure 1A), no DLL4 expression was
found in the normal thyroid tissues (Figure 1B).
In these DLL4-positive PTC samples, stronger

decreased fibronectin expression15. Furthermore,
DLL4 blocked tumor growth in both bevacizum-
ab-sensitive and bevacizumab resistant tumors by
disrupting vascular function16.

Recent studies have showed that DLL4 expres-
sion can be found not only in peritumoral tissues,
but also in the tumor cell itself17,18. However, there
is no published data studying DLL4 expression in
papillary thyroid cancer. We used immunohisto-
chemistry to investigate DLL4 expression in pap-
illary thyroid cancer, and speculate upon the clini-
cal impact of this DLL4 expression.

Patients and Methods

Papillary Thyroid Cancer Specimens
A total of 207 patients with papillary thyroid

cancer who underwent surgery at Department of
Thyroid Surgery, the People’s Hospital of
Weifang between 2012 .4 and 2015.2 were in-
cluded in this study. 167 patients with papillary
thyroid cancer who underwent neck dissection
(central neck dissection or combined central and
lateral neck dissection) of five or more lymph
nodes, in addition to total thyroidectomy, to eval-
uate lymph node status. 40 patients with papil-
lary thyroid cancer underwent lateral neck dis-
section Clinicopathological characteristics of the
cases are summarized in Table I.

Immunohistochemistry
A representative formalin-fixed paraffin-embed-

ded tissue block was chosen from the pathology
archives for each of the 207 PTC. Normal thyroid
tissues were also contained in these tissue blocks.
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Parameter Cases DLL4 positive DLL4 negative p-value

Age (year) 0.5782
≤45 81 42 39
>45 126 70 56
Sex 0.453
Female 149 78 71
Male 58 34 24
Tumor size 0.038
≤5 mm 63 25 38
>5 mm 144 87 57
Lymph node metastasis 0.02
Yes 156 94 62
No 51 18 33
Extrathyroidal extension 0.046
yes 128 87 41
no 79 25 54

Table I. Association between cancerous DLL4 expression and clinical factors in 207 papillary thyroid cancer.



However, there was no significant difference in
other clinical factors (Table I).

Prediction of Macrometastasis
in Lymph Nodes

Of the 156 patients with lymph node metasta-
sis, 129 (82.7%) showed macrometastasis and 27
(17.3%) showed micrometastasis. Large tumor
size (>5 mm; p = 0.041), extrathyroidal extension
(p = 0.016) and DLL4 expression (p = 0.002)
were significantly associated with macrometasta-
sis in lymph nodes (Table II). And strong expres-
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staining was often found at the tumor-invading
front (Figure 1C) as compared to the central re-
gion (Figure 1D). In general, metastatic PTC
samples had stronger staining (Figure 1E) when
compared with their matched primary tumors
(Figure 1D).

Clinicopathological Features of DLL4
in PTC

Clinicopathologic features of DLL4-positive
PTC were evaluated. The DLL4-positive group
had a more lymph node metastases (p < 0.01).

No macrometastasis Macrometastasis
Parameter (n=27) (n=129) p-value

Size of tumor <5 mm 21 42 0.041
>5 mm 6 87

Extrathyroidal extension No 21 58 0.016
Yes 6 71

DLL4 Negative 20 27 0.002
Positive 7 102

DLL4 in the invasive front Negative 23 85 0.001
Positive 4 44

Table II. Predictive factors of macrometastasis in PTC.

Figure 1. DLL4 expression in PTC of the thyroid. A, primary papillary thyroid carcinoma, positive DLL4 expression X100; B,
Negative staining in both normal thyroid X100; C, Strong cytoplasmic labelling of carcinoma cells at the invading front of prima-
ry tumour X100; D, Weak cytoplasmic labelling of papillary thyroid carcinoma cells in the central portion of the tumour at the
magnifications X100; E, Strong cytoplasmic labelling of carcinoma cells in metastatic lymph node at the magnifications of X100.



sion of DLL4 in the invasive fronts was also cor-
related with macrometastasis (p = 0.001) (Table
II).

Prediction of Lateral Node Metastasis
We analyzed the factors associated with lateral

node metastasis detected by preoperative imaging
study as well as histological examination. Tumor
size (p = 0.038), extrathyroidal extension (p =
0.027) and DLL4 expression (p = 0.020) were
significantly associated with lateral node metasta-
sis (Table III). And strong expression of DLL4 in
invasive fronts was more strongly associated with
lateral node metastasis, when analyzed in the 156
DLL4-positive cases (p = 0.012; Table III).

Discussion

DLL4, which belongs to Notch signaling path-
way, is a promising target in angiogenesis- based
cancer therapy14. In clinical breast cancer sam-
ples, DLL4 was overexpressed in intratumoral
endothelial cells (almost 100%) and ductal carci-
nomas cells. High intensity of DLL4 endothelial
expression was a statistically significant adverse
prognostic factor, which may considered that
breast tumors with DLL4 overexpression in the
vasculature progressed more rapidly17. In contrast
to the bladder and breast cancer cases, endothe-
lial expression of DLL4 in colon cancer should
not be considered as a prognostic factor. The ex-
pression of DLL4 in colon cancer tissues was
showed preferentially in endothelium and, what
is not surprising, was significantly corrected with
expression of VEGF18.

In the present study, cancerous DLL4 expres-
sion was found in 54% of PTC patients, which
was consent to the colorectal cancer15. Further-
more, DLL4 expression was positively with tumor

size, lymph node metastasis and extrathyroidal ex-
tension. DLL4-positive cancer had more lymph
node metastases, suggesting DLL4 to be a good
target for antiangiogenic therapies, and blocking
DLL4 signaling might be a promising strategy.

We further defined the predictive factors of
lymph node metastasis in PTC by studying clini-
copathological variables including DLL4 expres-
sion, tumor size and extrathyroidal extension. We
found that tumor size of more than 5 mm, ex-
trathyroidal extension, and high DLL4 expres-
sion could predict lymph node metastasis. More-
over, tumor size of more than 5mm and high
DLL4 expression, especially DLL4 strong ex-
pression in the invasive fronts, were found to be
associated with lymph node metastasis and later-
al node metastasis.

In our study, DLL4 was strongly associated
with lymph node metastasis and was found to be
an independent predictive factor of lymph node
metastasis in PTC, suggesting that it is also asso-
ciated with metastasis of PTC. Moreover, its sig-
nificant association with lymph node metastasis
and lateral node metastasis confirmed that it
could be a predictive factor for metastasis in
lymph node and poor prognosis. Furthermore,
cases with strong expression of DLL4 in invasive
fronts showed a stronger association with lymph
node metastasis and lateral node metastasis, sug-
gesting that DLL4 overexpression is involved in
the invasion and, thus, the metastasis of PTC.

Conclusions

DLL4 immunohistochemistry appears to be
valuable for predicting metastatic potential in
PTC, and positive DLL4 immunostaining, espe-
cially in the invasive fronts of the primary tumor,
seems to indicate the presence of lymph node
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No lateral node Lateral node
Parameter metastasis (n=164) metastasis (n=43) p-value

Size of tumor ≤ 5mm 55 8 0.038
>5 mm 109 35

Extrathyroidal extension No 72 7 0.027
Yes 92 36

DLL4 Negative 47 4 0.02
Positive 117 39

DLL4 in the invasive front Negative 146 13 0.012
Positive 18 30

Table III. Predictive lateral node metastasis in PTC.



metastasis. Although its clinical significance
needs to be further evaluated, DLL4 expression
may discriminate between ‘more aggressive
forms’ and clinically silent PTC.
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