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NILCO SIGNALING IS A NOVEL BIOMARKER IN THYROID CANCER
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ABSTRACT

Introduction: This study aimed to demonstrate expression changes of Notchl, Notch4, Jaggedl, leptin, leptin receptor ObRD,
interleukin-la (IL-1a), IL-1§3, ILIR, Vasoactive Growth Factor-A (VEGFA), VEGFRI, VEGFR?2, IL-6 genes in human thyroid cancer
tissues. Also, leptin, T3, and T4 concentrations in plasma of both thyroid cancer and healthy controls were compared.

Materials and methods: Notchl, Notch4, Jaggedl, leptin, leptin receptor ObRb, IL-1a, IL-1f3, ILIR, IL-6, VEGFA, VEGFRI,
and VEGFR2 mRNA expressions were analyzed by qRT-PCR in human tissue of normal and thyroid tumors from 27 patients. The
plasma leptin, T3, and T4 concentrations were determined was by ELISA.

Results: In this study, we showed that Notch4, Jaggedl, leptin, IL-1a, ILIR, VEGFA, VEGFR?2, and IL-6 are over-expressed
in human thyroid carcinoma tissues compared with normal thyroid tissues. Also, mean plasma leptin, T3, and T4 concentration were
significantly higher in thyroid cancer patients compared with healthy controls. The activation of Notch4 and Jagged! is associated
with leptin, IL-1a, and ILIR mRNA expressions, and this positive correlation can also be attributed to clinicopathological parameters.
Moreover, we have shown that plasma concentration levels of leptin, T3, and T4 are related and contribute to poor survival results.

Conclusion: These results indicate that NILCO (Notch, IL-1 and Leptin) could be critical in the development of thyroid cancer

and this is a useful clinical biomarker in thyroid carcinoma.
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Introduction

Thyroid cancer is one of the endocrine malig-
nancies that has been increasing rapidly in recent
years all over the world"-?. In thyroid cancer, the
recurrence rate is high but the mortality rate is low®.
Although there are several histological types of thy-
roid cancer, papillary thyroid cancer (PTC) is the
most common malignancy that accounts for 70-90%
of thyroid cancers. Follicular thyroid cancer (FTC)
is the second most common type of malignancy and
includes about 5% of cases®. The pathways play a

role in the potential molecular mechanisms of thy-
roid cancer therapy have been studied in recent
years®. One of these pathways is Notch signaling
and studies have shown that this pathway plays a
role in the development of different types of cancer.
At the same time, last studies have shown that the
Notch pathway is associated with the development
of thyroid cancer but it has not clear, yet®?.

Recent studies have shown that leptin affects
various signaling pathways involved in cancer pro-
gression®. These studies have demonstrated that
leptin regulates interleukin-1 (IL-1) and Notch sign-
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aling in the breast, endometrial (EmCa), and pancre-
atic cancer cells®!'?. In particular, the interaction be-
tween these three pathways is associated with breast
cancer cell proliferation, migration, invasion, and
chemoresistance'). A new signaling axis between
NILCO was associated with breast and EmCa cancer
progression!''?. However, there is no study related
to NILCO and human thyroid cancer tissue. Based
on all this data, we hypothesized that NILCO could
be a critical biomarker in the development of thyroid
cancer and affect the expression of proangiogenic
molecules and induction of cell proliferation. To test
this hypothesis, we have studied human thyroid can-
cer tissues.

Materials and methods

Study populations

The present study was approved by the Eth-
ics Committee of Eskisehir Osmangazi University
for Clinical Research (80558721/66) and was per-
formed following the ethical standards of the Hel-
sinki Declaration. Tissue samples from tumor and
adjacent normal thyroid tissue (n:27) were collected
within 1 year at the Department of General Surgery,
Hospital of Eskisehir Osmangazi University, Eskise-
hir, Turkey. Plasma samples were obtained from thy-
roid cancer patients (n:27) and were compared with
plasma samples of healthy volunteers (n:27).

Tissue samples

In this study, tumor and adjacent normal thy-
roid tissues of thyroid cancer patients were studied.
All samples were obtained during routine surgery
performed in patients with thyroid cancer. The study
included 27 patients (8 men and 19 women) with a
mean age of 51.29 years (range: 22-71 years). We re-
ported the clinical characteristics of patients such as
age, gender, pathological type, tumor stage and me-
tastasis state (Table 1). Tumor and adjacent normal
thyroid tissues, pathological type, stage of tumor and
metastasis were determined by pathologists before
molecular analyzes. Immediately after excision, tis-
sue samples were fixed in RNAlater solution (Qia-
gen) and stored at - 80°C.

RNA extraction, cDNA synthesis, and deter-
mination of mRNA levels by quantitative reverse
transcription PCR

Total RNA was isolated from tumor and adja-
cent normal thyroid tissues using the GeneJet RNA
Purification Kit (Thermo Scientific). The concentra-

tion and purity of the RNA were measured using a
NanoDrop 1000 (Thermo Scientific). 260/280 val-
ues are about 2.1. Isolated RNA samples were con-
verted to complementary DNA (cDNA) using the
RevertAid First Strand cDNA Synthesis Kit (Ther-
mo Scientific) at 42°C for 60 min and 70°C for 5 min
according to the manufacturer's instructions. cDNA
samples were stored at -80°C until analysis. Notchl,
jaggedl, leptin, IL-1, IL-6, VEGF-A, VEGFR2 gene
expressions were measured with SYBR Green qPCR
Kit (Thermo Scientific). cDNA synthesis was veri-
fied by the detection of the 3-actin transcript, which
was used as an internal control. Relative differences
in expression were determined using the compara-
tive threshold cycle (244¢t) method.

Determination of Leptin, T3 and T4 plasma
concentrations by enzyme-linked immunosorbent
assay

Plasma leptin, T3 and T4 concentrations
were determined using commercially available hu-
man-specific enzyme-linked immunosorbent assay
(ELISA) kits (DIAsource ImmunoAssays S.A.,
Belgium) as recommended by the manufacturers.
Concentrations were calculated using a plate read-
er system and through the recommendations using a
standart curve (Awareness Technology, Inc. Martin
Hwy. Palm City, USA). Results were given as ng/
mL.

Statistical analysis

All statistical analyses were performed using
GraphPad6. The descriptive statistisics are reported
as n (sample size), mean and standard deviation for
continuous variables and n (sample size), median
and 25th and 75th percentiles for categorical varia-
bles. Continuous normally distributed measurements
were compared across the groups by the t-test. In the
comparisons between the two groups, the continuous
variables that did not show normal distribution were
compared by the Mann-Whitney U-test. A P value
less than 0.05 (P, 0.05) was accepted as significant.

Results

Patient characteristics

We categorized 27 patients with thyroid can-
cer by comparing gene expression patterns of tumor
samples and adjacent normal thyroid tissues after
data trimming. For this purpose, we summarized
the clinicopathologic profile of patients such as age,
gender, pathological diagnosis, number of tumor fo-
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cus, metastasis state and tumor stage in Tablel. Of
the tiroid cancer cases 78% were female patients and
48% are papillary carcinoma and half of the cases
metastasis were observed. The majority of cases
were in stage 1.

Gender (n:27)
Female 21 (%77:78)

Male 6(%22,22)

Pathological diagnosis.

13(%48,14)
2%74)
S(%18,51)

31111
1963.7)

Hurthle cel

Medullary carcinoma 3I1,11)

Single 25(%92.59)
Multiple 20%7.41)

Systemic 2(%7,40) (:

Local 11(%40,74) (8
None 14(51,85) (11 fe

1 18(%66.6)

Table 1: Clinical and pathological features of the patients
(N=27).

Gene expressions

Notch4 mRNA abundance was significantly
higher in the tumor tissue compared with the adja-
cent normal thyroid tissue (P < 0.05; Fig. 1b.). Sim-
ilar to Notch4, Jagged1, Leptin, IL-1a, ILIR, IL-6,
VEGFA, and VEGFR2 mRNA levels were signifi-
cantly increased in the thyroid cancer tissue com-
pared with the adjacent normal thyroid tissue (P <
001, Fig. lc. ; P< 001, Fig. 1d; P < 0.05, 1f ; P
< 0.01, Fig.1h ; P < 0.05, Fig. 11; P <0.01, Fig.1i;
P < 0.01, Fig. 1k). Also, there are no differences in
Notchl, ObRbD, IL1-f, and VEGFR1 gene expres-
sions between the groups (Fig. 1a, Fig.le, Fig. 1g
and Fig. 1j).
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Fig. 1: qRT-PCR expression of Notchl (a), Notch4
(b), Jaggedl1(c), Leptin (d), Leptin receptor (ObRD) (e),
IL1-alpha (f), IL1-beta (g), ILIR (h), VEGF-A (i), VE-
GFR1 (j), VEGFR2 (k), IL6 (1) in normal tissue and tu-
mor tissues. 3 actin was used as internal control. Data are
representative results derived from a minimum of three
independent experiments. *P < 0.05 and **P < 0.01.

Leptin, T3 and T4 plasma concentrations

Mean plasma leptin, T3 and T4 concentration
were significantly higher in thyroid cancer patients
compared with healthy people. Data for plasma lep-
tin T3 and T4 concentration are reported in Fig. 2a,
Fig. 2b and Fig. 2c.
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Fig. 2: Plasma leptin (a), T3 (b) and T4 (c) concentrations.
Thyroid cancer patients compared to the normal healthy
subjects; *P < 0.05, **P < 0.01 and ***P < 0.001.

Discussion

In the present study, our aim was to evaluate
NILCO as a biomarker in the development of thyroid
cancer which can affect the expression of proangio-
genic molecules and induction of cell proliferation.

Our results show that the induction of thyroid
cancer along with VEGF/VEGFR-2 was highly de-
pendent on the interaction between NILCO in thy-
roid cancer tissues. Our results show that NILCO
can be a clinical target of drugs and agents targeting
signaling can be used as potential cancer therapeu-
tics. Moreover, the inclusion of validated NILCO bi-
omarkers in clinical trials in the future can help iden-
tify patient populations that are likely to respond to
this class of drugs.

Previous studies have shown that NILCO mol-
ecules are expressed in breast and EmCa tissues®:
13 Also, a functional leptin-Notch interaction has
been reported to be required for pancreatic cancer
progression and growth®. However, the activation
of the NILCO signal may be different according to
tumor type and this crosstalk has not yet been stud-
ied in thyroid cancer. In this study, we found that
NILCO and related molecules are important in the
development of thyroid cancer and may be associat-
ed with clinical-pathological features.

Notch signaling regulates many basic processes
during the development and homeostasis of different
types of tissues. As a result, the failure of this path-
way leads to many important human diseases, such
as cancer* 9. Therefore, Notch signals are consid-
ered a potential target in various hematological ma-
lignancies'® and cancers"” and play an important
role in reducing tumor angiogenesis'®. Notchl is a
prototype and is the most studied member of this re-
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ceptor family by now. Although the role of Notchl1 is
controversial, it has a potential impact on the devel-
opment of thyroid cancer. Ferretti et al. reported that
the activation of the Notch signal mediates growth
suppression by cell cycle arrest in well-differen-
tiated thyroid carcinomas (WDTC)!®. In another
study, Notch1 was highly expressed in WDTC with
PTC®. That is, the role of Notch in thyroid cancer
is still poorly understood. Correlated with Yamashita
et all. we also showed that Notch1, Notch4, and Jag-
gedl expressions increased in thyroid tumor tissues
compared to adjacent normal thyroid tissues (Fig.
la, Fig. 1b, and Fig. 1c) and significantly associated
with papillary microcarcinoma since 13 of the 27 le-
sions showed expression of these genes. On the other
hand, like the work of Geers et al.,*" we have shown
that tumor thyroid tissues expressed a higher level of
Notch4 than normal thyroid tissues. This increase in
Notch4 expression may be associated with leptin. As
previous studies have shown that leptin can regulate
Jaggedl and Notch4 in human cord blood CD34+
cells and early differentiated human endothelial cells
(HUVEC)®.

Recently, in studies of various cancer types,
one of the Notch regulators has been reported to be
leptin*2?. In vitro papillary thyroid cancer studies
of leptin released from adipose tissue and known to
be a pro-angiogenic cytokine have been reported to
increase expression of leptin and Ob-Rb®. Also,
leptin increased IL-1 and VEGF / VEGFR2 system
as well as Notch1-4 / JAG1 / Dll-4 gene expressions
that are important in the Notch signaling pathway.
Thus, in this study, the increase of VEGF / VEGFR2
in breast cancer and leptin induction of proliferation/
migration were reported to be associated with NIL-
CO interaction (11). According to our results, the
level of leptin gene expression in tumor tissue was
increased compared to normal tissue (Fig. 1d). Also,
leptin plasma concentration was found to be signifi-
cantly higher in tumor patients than healthy subjects
(Fig.2a.), and mean plasma T3 and T4 concentration
was significantly higher in thyroid cancer patients
compared with healthy people (Fig. 2b and Fig. 2¢).
These results show that the plasma concentration of
leptin is highly associated with T3 and T4 and con-
tributes to poor survival outcomes.

Leptin regulates inflammatory cytokines such
as IL-1 in various tissues and pathological condi-
tions®. Since both leptin and IL-1 are inflammatory
and proangiogenic factors that regulate VEGF, the
relationship between IL-1 and leptin may be critical
for tumor angiogenesis®®. Gonzales et al. showed

that by inhibiting the IL-1 receptor, a leptin-medi-
ated increase of both VEGF and VEGFR2 was in-
hibited, suggesting that the proangiogenic role of
leptin in breast cancer is mediated by IL-1 (26). In
our study, increased mRNA levels of IL1 and VEGF,
as well as leptin, have shown that these cytokines
could actively crosstalk in thyroid cancer eliciting
proinflammatory and proangiogenic effects that con-
tribute to cancer growth. (Fig. 1f, Fig. 1h, Fig. 1i,
and Fig. 1k).

For patients with well-differentiated thyroid
cancer, the most powerful predictors of disease-spe-
cific mortality include tumor size, lymph node, and
distant metastases, extrathyroidal spread, multifo-
cality, and gender(27). These factors are embedded
in staging systems designed to predict clinical out-
comes. We have found that clinical features associat-
ed with poor outcomes are strongly associated with
high NILCO gene expression levels.

As a result, NILCO crosstalk outcome mRNA
expression levels in thyroid cancer are parallel to the
levels of proangiogenic and pro-inflammatory cy-
tokines IL1 and VEGF.

Overall, NILCO is also important in thyroid
cancer as interactions where signals from pro-angio-
genic, pro-inflammatory, and developmental factors
combine to stimulate cell growth and tumor angio-
genesis.

Conclusions

In conclusion, NILCO components and VEGF
are differentially expressed in thyroid cancer and
clinical features associated with poor outcomes are
strongly associated with high NILCO gene expres-
sion levels. For the first time, we are reporting it can
be a direct relationship between NILCO and thyroid
cancer. Therefore, treatments to eliminate NILCO
may lead to the development of new therapeutic in-
terventions. Further research is needed to determine
the biomarker and potential therapeutic values of
NILCO and to target expression in thyroid cancer.
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