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Impact of Lin28 on lymph node metastasis
in papillary thyroid carcinoma
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Abstract. Lin28 is involved in the progression of several
types of tumors. Data collected from clinical trials have
suggested that Lin28 expression is correlated with poor
prognosis in thyroid carcinoma. The present study was
conducted to investigate the association between Lin28
expression and the clinicopathological parameters of
papillary thyroid carcinoma (PTC). Accordingly, the clinical
data and diagnostic results from 237 patients with PTC were
collected. Immunohistochemical staining was performed to
evaluate the Lin28 expression levels in thyroid tissue samples.
Associations between the expression levels and clinicopatho-
logical parameters were evaluated. Lin28 was expressed in
96/237 (40.5%) of PTC specimens. Compared with patients
with no Lin28 expression, patients with expression had higher
rates of lymph node metastasis (P<0.001) and larger tumors
(P=0.011). Multivariate analysis revealed that Lin28 was
associated with lymph node metastasis. Next, bioinformatics
analysis was performed based using the Gene Expression
Omnibus database and The Cancer Genome Atlas database.
Lin28 expression was associated with aggressive tumor
characteristics, such as lymph node metastasis and larger
tumors. In conclusion, the present study revealed that Lin28
expression served as a risk factor for lymph node metastasis.
Accordingly, Lin28 expression may be used as a prognostic
marker to predict lymph node metastasis in patients with
PTC. In addition, Lin28 may serve as a therapeutic target in
the management of this tumor type, which may help improve
patient outcomes.
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Introduction

Thyroid cancer is uncommon, accounting for only ~1%
of all malignancies, but it is the most common malignant
endocrine tumor worldwide. Papillary thyroid carcinoma
(PTC) accounts for 85% of thyroid malignancies and is
defined as an indolent malignancy (1-3). Currently, the treat-
ment for PTC is surgery, and either thyroid lobectomy or
total thyroidectomy may be considered. Lymph node dissec-
tion may be performed in patients with evidence of nodal
disease (4). Postoperative radioiodine therapy is required for
patients at a high risk of cancer recurrence and persistent
disease (5,6). New therapies that target specific molecular
alterations in PTC have been developed, for example
lenvatinib is associated with significant improvements in
progression-free survival and the response rate among
patients with iodine-131-refractory thyroid cancer (7). In
February 2015, the US FDA approved levatinib for the treat-
ment of advanced thyroid cancer. Overall prognosis is not as
poor in PTC as in several other human cancer types as the
5-year survival rate of PTC is >95%. However, the standard
therapy including surgery, and adjuvant radioactive iodine
and thyroid-stimulating hormone (TSH) suppression therapy
results in little clinical benefit for patients with lymph node
or distant metastases. Thus, identification of new markers
and potential treatment methods may be highly beneficial
for these patients (3,8).

Lin28 is a highly conserved RNA-binding and microRNA
(miRNA/miR)-regulated protein. Recent studies have shown
that Lin28 contributes to multiple biological processes,
including tumorigenesis, cellular differentiation, pluripotency
and reprogramming (9,10). Lin28 expression is dysregulated in
various human epithelial-type neoplasms, such as oral squa-
mous cell carcinoma (11), colon (12), ovarian (13) and gastric
cancer (14), hepatocellular carcinoma (15), and lung (16),
breast (17) and esophageal cancer (18). Our previous studies
have indicated that overexpression of Lin28 is correlated with
lymph node metastasis and poor prognosis in breast (17) and
gastric cancer (14). In general, Lin28 can selectively block the
biogenesis of mature let-7, which acts as a tumor suppressor by
inhibiting the expression of the oncogenes downstream of the
Lin28/let-7 axis, including RAS, Myc and high mobility group
protein HMGI-C (19). Let-7 miRNAs are downregulated in
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numerous types of cancer, such as hepatocellular carcinoma,
gastric adenocarcinoma, pancreatic ovarian and prostate
cancer, Burkitt lymphoma, renal cell carcinoma and breast
cancer, and can suppress the proliferation of self-renewing
tumor-initiating cells and facilitate differentiation (20). To
the best of our knowledge, only one study has investigated
the relationship between Lin28 and PTC (21). However, the
number of clinical samples used in this previous study was
very low, with only 57 patients after thyroid carcinoma radical
surgery and 30 patients with nodular goiters. Moreover, this
group investigated the role of the Lin28a/let-7a/c-Myc pathway
in PTC tumorigenesis and malignancy but did not investigate
the relationship between Lin28 expression and clinicopatho-
logical parameters. The objective of the current study was
to analyze the association between the clinicopathological
parameters and prognosis of PTC, whereby new preventive or
therapeutic targets for PTC may be identified.

Materials and methods

Case selection. For the purpose of this study, a total of
237 surgically resected specimens of patients with PTC treated
at the Department of Breast and Thyroid Surgery, Shaoxing
People's Hospital (Shaoxing, China) between January 2016 and
December 2018 were collected. The inclusion criteria for the
study presented were as follows: i) Patients who had complete
clinical data and had undergone radical resection of thyroid
carcinoma and ii) patients who were definitively diagnosed
with PTC by two experienced pathologists at Shaoxing People's
Hospital. The present study excluded patients unwilling to
abide by the protocol, as well as those that were legally inca-
pacitated. Patients who had either received radiotherapy or
chemotherapy prior to the surgical resection procedure were
also excluded. In total, 237 patients were included in the study,
including 47 males (19.83%) and 190 females (80.17%) aged
19-75 years, with an average age of 47.4 years. The original
data (with respect to the specimens) are provided in Table SI.
All patients signed informed consent under the guidelines of
The Ethics Committee of Shaoxing People's Hospital before
the study. The records reviewed included age, sex, tumor size,
lymph node metastasis, bilateral multifocality, extrathyroidal
extension and Lin28 expression level. Pathological features
were classified according to the guidelines of the International
Union against Cancer and the 8th edition of the American
Joint Committee (22).

Ethics approval. The study was approved by The Ethics
Committee of the Shaoxing People's Hospital (Shaoxing, China)
before initiation. Written informed consent or verbal informed
consent via phone (which was recorded) was provided by all
participants or their guardians. These two forms of consent
are both acceptable by the Ethics Committee of The Shaoxing
People's Hospital. The consent forms can be provided upon
reasonable request.

Immunohistochemical (IHC) analysis. IHC analysis was
performed to evaluate the expression levels of the Lin28 protein
in PTC tissues. The specimens were fixed with formaldehyde
and embedded in paraffin, as previously described (18). Paraffin
sections were deparaffinized in xylene and dehydrated with a

gradient ethanol series with 5-min washes at room temperature
as follows: 100, 100, 95, 95, 80, 70 and 50% ethanol, followed
by two washes with ddH,0. To quench the activity of endog-
enous peroxidase, the sections were treated with 0.3% H,0, in
methanol for 5 min. Before starting IHC analysis, the sections
were immersed in 10 mM citrate buffer (pH=6.1) at 95°C for
15 min for antigen retrieval. Non-specific antibody binding
was blocked by pre-incubating the sections with 10% fetal
calf serum (Gibco; Thermo Fisher Scientific, Inc.) in PBS with
0.01% sodium azide at room temperature for 30 min, and then
the sections were incubated with an antibody against Lin28
(rabbit polyclonal, H-44, 1:100; Santa Cruz Biotechnology
Inc.) overnight at 4°C. After washing three times with PBS,
the sections were incubated with the EnVision-HRP complex
(undiluted; Dako; Agilent Technologies, Inc.) for 1 h at room
temperature. The sections were then stained with diaminoben-
zidine at room temperature for 25 sec and counterstained with
hematoxylin at room temperature for 5 min. PBS, instead of
Lin28, was used as a negative control. Gastric cancer tissue,
which is known to exhibit high levels of Lin28 (19), was used
as a positive control.

All the THC analysis steps were carried out in the same
laboratory. Expression levels were semi-quantitatively assessed
based on the product of the cell staining intensity score and
positive cell percentage score. The staining results were deter-
mined by two independent observers to avoid subjective biases.
Staining intensity, which represented the average intensity of
the stained tumor cells, was scaled as O (no staining), 1 (weak
staining), 2 (moderate staining) and 3 (strong staining). Scores
of percent positive cells were as follows: O points for positive
rate=0%, 1 point for 0% <positive rate <25%, 2 points for 25%
<positive rate <50%, 3 points for 50% <positive rate <75%,
75% <positive rate <100% is 4 points. The two scores were
calculated to obtain a final score, which ranged from O to 9.
Three visual fields were randomly selected for each specimen
under a light microscope, and their average values were applied
for the final analysis. Lin28 protein-positive expression was
defined as total score =2.

Bioinformatics analysis. Gene expression data and corre-
sponding clinical data were obtained from the Gene
Expression Omnibus (GEO) database (ncbi.nlm.nih.gov/gds).
The dataset GSE33630 (23) was extracted from the GEO data-
base was analyzed using a paired student's t-test to compare
the differential expression levels of Lin28 between PTC and
normal thyroid tissues. These databases were searched for
data on Lin28 expression and lymph node metastasis, but no
appropriate data was found. The human gene expression array
GPL15207 (24) was downloaded from the GEO database. Three
different groups were included in the study: i) Non-aggressive
tumor (intrathyroidal tumors, with no lymphovascular inva-
sion) with carcinoma sizes <2 cm (group A, n=3), ii) patients
with minimal invasion of the extrathyroidal soft tissue (group
B, n=3) and iii) patients with distant organ metastasis (group
C, n=3). The age distributions of the three groups were
47.50+7.44, 47.00+16.16, and 55.00+15.63, respectively. The
proportions of women are 75.0, 86.4, and 75.0%. The gene
expression data of Lin28 were extracted to perform one-way
ANOVA followed by Tukey's post hoc test among three groups
to explore whether Lin28 expression influences distant organ
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Figure 1. Lin28 expression profiling in thyroid carcinoma tissues.
(A) Lin28-positive thyroid carcinoma cells, with cytoplasmic staining
(200x magnification). (B) Lin28-negative thyroid carcinoma cells, with no
cytoplasmic staining (200x magnification). Representative haematoxylin
and eosin staining of papillary thyroid carcinoma at (C) 200x and (D) 400x
magnification.

metastasis or invasion of the extrathyroidal soft tissue of
patients with PTC.

Statistical analysis. All the statistical analyses were conducted
using SPSS version 15.0. (SPSS, Inc). Quantitative data is
expressed as mean = SD. The unpaired Student's t-test and
y* test were performed to evaluate the statistical significance
of the differences between two groups and the association
between Lin28 expression and clinicopathological parameters,
respectively. One-way ANOVA and Tukey's test was used for
multiple comparisons. The predictive values of the presence
of Lin 28 and other factors for lymph node metastases were
assessed using univariate and multivariate logistic regression
models, respectively. All the variables that were significantly
associated with lymph node metastasis in the univariate
model were included in the multivariate analysis. P<0.05 was
considered to indicate a statistically significant difference.

Results

Expression profiling of Lin28 protein in tissues. Lin28 protein
was expressed in 96/237 (40.5%) PTC specimens. Lin28
staining was predominantly localized in the cytoplasm in
these tissues (Fig. 1A). A representative PTC specimen stained
with hematoxylin and eosin is shown in Fig. 1C and D. It shows
the nuclear features of papillary thyroid carcinoma, including
crowded and overlapping grooves and pseudo-inclusions.

Association between Lin28 expression and clinicopatho-
logical features. Table I shows the association between Lin28
expression levels and clinicopathological characteristics,
including age, sex, tumor size, lymph node metastasis, bilateral
multifocality and extrathyroidal extension. Statistical analysis
results showed that Lin28-positive cases had significantly
larger tumors (P=0.011) and more lymph node metastases
compared Lin28-negative cases (P<0.001). However, no
difference was observed between the two groups with regards

Table I. Clinicopathological characteristics of 237 patients
with papillary thyroid carcinoma.

Lin28 expression, n (%)

Variable Positive Negative  P-value
Age, years 4754+10.6 4727118 0.859
Sex 0.990
Female 77(80.2) 113 (80.1)
Male 19 (19.8) 28 (19.9)
Tumor size, cm 0.011
<2 87(90.6) 135(95.7)
>2 and <4 6(6.2) 5(@3.5)
>4 3@3.1) 1(0.7)
Lymph node metastasis <0.001
Yes 73 (30.8) 35(14.8)
No 23 (9.7) 106 (44.7)
Multiple foci 0.647
Yes 21 (21.9) 19 (13.5)
No 75(78.1) 122 (86.5)
Extrathyroidal extension 0441
Yes 6 (6.3) 12 (8.5)
No 90 (93.8) 129 (91.5)

to sex, age, or the presence of bilateral multifocality or extra-
thyroidal extension (Table I).

Multivariate analysis. A logistic regression model was
constructed for the factors associated with lymph node metas-
tasis in PTC (Table II). Sex (odds ratio [OR] 0.44; P=0.015),
tumor size (OR 3.46; P<0.001) and the presence of Lin28 (OR
9.61; P<0.001) were associated with lymph node metastasis in
the univariate analysis. These parameters were then analyzed
using multivariate analysis. The results showed that sex, tumor
size and the presence of Lin28 were risk factors for lymph
node metastasis in PTC (Table II). The presence of Lin28 was
found to be a risk factor for lymph node metastasis in PTC.

RNA expression levels of Lin28 in PTC according to GEO and
TCGA databases. In the GEO database, Lin28A expression
was slightly elevated in PTC tissues compared with the levels
in normal thyroid tissue, but without statistical significance
(P=0.2022; Fig. S1A). In addition, data referring to PTC
patients' lymph node metastasis could not be obtained from
both TCGA and GEO databases. However, data on distant
organ metastasis in the context of PTC were obtained from
the GEO database (Fig. S1B and C). It was revealed that Lin28
is associated with aggressive characteristics for patients with
PTC, but this was not significant.

Discussion
As the most common type of thyroid carcinoma, PTC has

received increasing attention because of its increasing morbidity
rate worldwide (1). It is estimated that there were 567,233 new
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Table II. Results of multivariate analysis for the risk factors of lymph node metastases in papillary thyroid carcinoma (n=237).

Univariate analysis Multivariate analysis
Variable OR (95% CI) P-value OR (95%CT) P-value
Lin28 expression, positive vs. negative 9.61 (5.25-17.60) <0.001 10.16 (5.25-19.64 <0.001
Sex, female vs. male 0.44 (0.23-0.85) 0015 0.37 (0.16-0.82) 0.015
Tumor size?, cm 346 (2.02-594) <0.001 3.16 (1.73-5.77) <0.001
Age?, years 0.99 (0.97-1.01) 0.288 - -
Multiple foci, multifocal vs. unifocal 1.05 (0.49-2.27) 0.897 - -
Extrathyroidal extension, yes vs. no) 1.13 (0.77-1.66) 0.538 - -

*Continuous variables. Others were categorized variables. OR, odds ratio; CI, confidence interval.

cases of thyroid cancer worldwide in 2018 (25). Benefiting
from considerable therapeutic development, PTC prognosis
and overall survival time have been associated with significant
improvements (26). In PTC, metastasis to lymph nodes is asso-
ciated with an increased risk of cancer recurrence but not with
survival (3,27,28). Additionally, extranodal extension of lymph
node metastases is associated with a significantly increased
risk of recurrence and mortality (29,30). However, some
patients with PTC have poor overall survival due to the pres-
ence of distant metastases at diagnosis (31,32). Consequently,
it is important to identify novel biological targets that can be
used as prognostic markers for patients with PTC.

Numerous cancer-related genes are closely correlated with
PTC progression. These genes affect the pathogenesis and
prognosis of PTC. For example, Siraj e al (33) demonstrated
a strong relationship between DNA (cytosine-5)-methyl-
transferase 3A mutations, and adverse clinical outcomes in
PTC cases. Previous studies have reported that telomerase
reverse transcriptase promoter mutations have an independent
prognostic value in differentiated thyroid carcinomas and
in PTC (32,34). In addition, Collina et al (35) reported that
tyrosine-protein kinase receptor UFO levels can be used as a
predictor of radioactive iodine refractoriness and as a possible
therapeutic target for radioactive iodine-resistant PTCs.
Han et al (36) demonstrated that miR-215 plays a critical role
as a tumor suppressor in PTC and is a prognostic biomarker
influencing proliferation and metastasis by targeting the
ADP ribosylation factor guanine nucleotide-exchange factor
1. Taken together, these prior studies have highlighted the
importance of the involvement of genes in cancer development.

Lin28 expression has been widely profiled in multiple
cancer types, such as glioblastoma and ovarian, gastric, pros-
tate and breast cancer, and most studies have shown that Lin28
serves as a marker for poor survival in patients (19,37,38).
Lin28 can promote the proliferation, migration and invasion
of various human epithelial-type neoplasms, and might be a
promising target for therapeutic intervention in the future (19).
However, limited investigation has been conducted on the
relationship between PTC and Lin28. The only such investiga-
tion to date, carried out by Huang et al (21), reported that the
Lin28A/let-7a/c-Myc pathway is involved in tumor growth and
malignancy in PTC and is a potential target for therapeutic
intervention for this disease.

The present study attempted to provide a further prognostic
basis regarding the association between Lin28 expression and
PTC. Therefore, Lin28 expression patterns in PTC specimens
were preliminarily investigated. It was demonstrated that
Lin28 expression tends to be associated with more exten-
sive lymph node metastasis in PTC. To validate the present
results, additional data was retrieved and analyzed from the
GEO online database. However, the results obtained for our
clinical samples were not reproduced. A possible explanation
for the partial non-reproducibility of the results reported in
the present study might be due to the limited data on PTC and
Lin28 available in the online databases, especially considering
the presence of lymph node metastasis.

In future research, the molecular mechanisms and path-
ways underlying the involvement of Lin28 in PTC should
be investigated. In addition, the present results should be
verified using data retrieved from additional online data-
bases, depending on availability. It is considered that with
a higher number of datasets, the data will align with what
is reported in the present study. This said, well-designed
studies including animal models and studies with larger
ample sizes will also be needed to validate the present
observations.

In summary, Lin28 expression was markedly elevated in
PTC tissues. In addition, the expression of the Lin28 protein
could be used as a novel molecular marker for predicting the
clinical outcome of PTC from specimens. Hence, future inves-
tigations on the precise roles of Lin28 in PTC will enhance our
understanding of this disease and provide new insights into its
diagnosis and treatment.
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