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Introduction: PTC is not generally considered a lethal disease, but prone to recurrence as
the prognosis. Hashimoto’s thyroiditis (HT) is an important factor that affects the prognosis
of papillary thyroid carcinoma (PTC). It is crucial to find biomarkers to identify the
combination of HT with PTC and to predict the prognosis.

Methods: RNASeq data from the Cancer Genome Atlas (TCGA) database was used to
screen differentially expressed genes (DEGs) of PTC with HT via the edgeR package of R
software version 3.3.0. Also, the DEGs were applied to the DAVID web-based tool to
determine the enrichment of gene functions via Gene Ontology (GO) analysis and to identify
associated pathways in the Kyoto Encyclopedia of Genes and Genomes (KEGG) database.
By constructing protein interaction networks within Cytoscape software, we screened candi-
date genes and explored possible relationships with the clinical phenotype of PTC. Finally,
additional thyroid tissue samples were collected to verify the results above.

Results: After analyzing the RNA-Seq data of PTC patients from the Cancer Genomic Atlas,
497 differentially expressed PTC genes were found to be associated with HT, of which protein
tyrosine phosphatase receptor type C (PTPRC), KIT, and COL1A1 were associated with tumor
size and lymph node metastasis (p < 0.05). Verification of these results with another 30 thyroid
tissues of clinical PTC patients revealed that the expression level of PTPRC in the PTC with
HT group was higher than that in the PTC without HT group (p < 0.05) and the ROC curve
showed a good discrimination (area under the curve = 0.846). However, the correlation with
the clinical phenotype was not statistically significant (p > 0.05).

Discussion: These data suggest that upregulation of PTPRC enhances the incidence of HT
associated with PTC and is also predictive of a poor prognosis.

Keywords: papillary thyroid carcinoma, Hashimoto’s thyroiditis, PTPRC, biomarker,

prognosis

Introduction

Papillary thyroid carcinoma (PTC) accounts for 85% of all thyroid cancers and is
the most common malignancy of the endocrine system with a rapidly increasing
incidence rate of 4.5% per year.! Hashimoto’s thyroiditis (HT), also known as
chronic lymphocytic or autoimmune thyroiditis, is the most common inflammatory
disease of the thyroid and the most common cause of primary hypothyroidism with
an estimated incidence of approximately 0.4%—1.5% and accounts for 20%—25% of
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all thyroid disease.” In recent years, the incidence of HT
combined with malignant tumors of the thyroid has
increased significantly.® Pathological series have reported
that the incidence of histologically confirmed PTC with
HT is 5%—48%," which is almost twice that of other types
of thyroid cancer.’

There are significant differences between the clinical
phenotype and prognosis of PTC with HT versus without,
as PTC combined with HT tends to predominantly occur
in females with less capsular invasion, extrathyroidal
extension,® and lymph node (LN) metastasis,” as well as
a greater risk of recurrence.® The combination of HT with
PTC is not only a protective factor,” but also predictive of
a better prognosis.'*'! Therefore, it is essential to identify
biomarkers for PTC associated with HT.

To date, several biomarkers related to PTC have been
identified, which include the protein markers cytokeratin
19 and galectin-3,'> mutations to the B-Raf proto-
oncogene,13 rearrangement of the RET proto-oncogene
(RET/PTC),'"* DNA methylation markers, such as the
thyroid stimulating hormone receptor,'> the non-coding
microRNAs (miRNAs)146 and 221,'® and the mRNA
marker Sirtuin 6."” However, when testing protein mar-
kers, the accuracy of a diagnosis can be influenced by the
immunohistochemical staining process. In addition, the
specificity of the marker cytokeratin 19 decreases in HT
patients without PTC because the expression level of this
protein is upregulated in this population.'® The miRNAs
have high stability in various tissues, but poor specificity,
because the sequences are so similar to one another, while
the RET/PTC rearrangement has high specificity in PTC,
but low sensitivity.'” BRAF mutations are more frequent
in PTC than in normal tissues, while the prevalence is
reportedly much lower when combined with HT,?® thus it
is not an efficient marker of PTC with HT. However,
mRNA, a breakthrough we choose in finding new markers,
has unique structures of molecules [i.e., 5’ cap structure
(m7G) and 3’ poly (A) tail] and is convenient for both
testing and diagnosis of many diseases.

Cancer is a disease of the microenvironment and immu-
nity, but is different from the immune response. The
mechanism of tumorigenesis involves inhibition of the
immune response while the immune system is activated to
clear residual tumor cells in anti-tumor treatment.”'
Therefore, PTC associated with HT should be regarded as
a special state of disease rather than the simple addition of
two diseases. Furthermore, Kapan et al** found that the
accuracy rate of fine needle aspiration biopsy, as a gold

standard, was only 50% in PTC patients with HT. Hence,
a potential biomarker of PTC with HT should differ from
one for PTC alone.

Most previous studies have focused on the correlation
between the pathogenesis of PTC versus HT. For example, a
prophase study reported that PTC was associated with a
high incidence of the BRAF mutation, but such mutations
occur less frequently in PTC concomitant with HT.*
Elevated levels of reactive oxygen species have been
found in PTC and the transcription levels of related genes
are upregulated in PTC with HT.** Together, these findings
indicate that PTC with HT is distinctly different from PTC
without HT, while major and minor effects are merely
manifestations of the numerous differentially expressed
genes (DEGs) of PTC with HT. Hence, the aim of the
present study was to identify genes mostly related to PTC
with HT as biomarkers to improve diagnostic accuracy.

PTC is not generally considered a lethal disease but
more in terms of recurrence as prognosis. Rarely, people
die from PTC, but locoregional recurrence is the major
clinical problem. The clinical manifestations of PTC with
HT are mostly related to the prognosis of PTC patients, so
we hope to find out the relationship between the biomar-
kers and phenotypes, and further predict the prognosis.

Above all, we attempted to identify a biomarker specific to
the correlation between the HT and PTC. RNASeq data from
the Cancer Genome Atlas (TCGA) database was used to
screen DEGs of PTC with HT via the edgeR package of R
software version 3.3.0. Also, the DEGs were applied to the
DAVID web-based tool to determine the enrichment of gene
functions via Gene Ontology (GO) analysis and to identify
associated pathways in the Kyoto Encyclopedia of Genes and
Genomes (KEGQG) database. By constructing protein interac-
tion networks within Cytoscape software, we screened candi-
date genes and explored possible relationships with the clinical
phenotype of PTC. Finally, 30 PTC tissue samples were
collected. The results of this study showed that mostly poor
prognostic PTC with upregulation of PTPRC was associated
with HT. So, PTPRC is an effective biomarker to predict the
prognosis of PTC with HT and to chose an appropriate ther-
apeutic regimen to improve the quality of life of these patients.

Materials And Methods

Data Acquisition

The RNASeqV2 gene expression data of human PTC were
downloaded from the TCGA database (https://cancergenome.
nih.gov/). All the samples used to test the gene expression
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level are from human thyroid tissue. Effective samples
included both clinical and pathological information, and the
expression levels of the whole genome (total of 20,531 genes).
The expression levels of genes were measured as the reads per
kilobase per million reads. For analysis, there were 50 cases in
the healthy control group and 505 cases in the PTC group. All
cases in the healthy control group came from healthy people
without any disease. Of these, 154 PTC samples were
excluded from analysis because of the presence of other dis-
eases, thus 280 cases of PTC without HT and 71 cases of PTC
with HT were included for analysis.

Screening Of DEGs

At first, 50 cases in the PTC group were randomly selected to
compare with the healthy group. Based on the model of
negative binomial distribution and Fisher’s exact test (R sta-
tistical software version 3.3.0, www.r-project.org/), the edgeR

package was used to screen the DEGs. A false positive rate
(FDR) of < 0.05 and |log2 FC (fold change)| of > 1 were set as
the cut-off points to screen for DEGs. Every step was repeated
100 times and the sum of all the results were taken as Set 1.

For the next step, 71 cases from the PTC without HT
group were randomly selected and compared with those
from the PTC with HT group. The DEGs were identified
with the same method mentioned above. The results are
presented as Set 2.

The DEGs of PTC with HT were the intersection of Set
1 and Set 2.

Enrichment Of Biological Pathways And

Gene Functions
The DEGs were applied to the DAVID web-based tool
(https://david.ncifcrf. gov/tools.jsp) to identify enrichment

of GO gene functions and KEGG pathways. According to
the FDR value, the KEGG pathways and GO functions
were respectively arranged in ascending order with an
FDR-corrected probability (p) value of < 0.05 and gene
count of > 2 considered as the thresholds. Those KEGG
pathways that were significantly correlated to PTC with
HT were named as KEGG-Pathways and those genes con-
tained in GO functions that were significantly correlated to
PTC with HT were named GO-Genes.

Construction Of A Gene Interaction

Network
First, the human protein protein interaction (PPI) network
was downloaded from the Human Protein Reference

Database (http://www.hprd.org/). Extensible markup lan-
guage (XML) data of KEGG-Pathways were downloaded
from the KEGG database (https://www.genome.jp/kegg/)

and a gene interaction network of the KEGG-Pathways
was created using the XML package of R.

Next, the PPI and KEGG-Pathways networks were
merged as an undirected network (PTC-HT network)
using Cytoscape software (www.cytoscape.org/). Then, a

PTC-HT sub-network was created, which consisted of
DEGs and their first neighbors in the PTC-HT network.
DEGs and GO-Genes are marked respectively in the PTC-
HT sub-network.

Finally, the topological properties of the PTC-HT sub-
network were analyzed and the connectivity was calculated.
The degree of centrality of a gene in the network was
measured to determine the relative significance. By defini-
tion, the degree of centrality is the number of links of one
node relative to another. The top 5% of nodes of the degree
value were selected as the Hub nodes. The candidate genes
were the Hub nodes marked as both DEGs and GO-Genes.

The Analysis Of The Relationship
Between The Candidate Genes And
Clinical Phenotype

Tumor size (T), LN metastasis (N), and distant metastasis
(M) were considered as the clinical phenotype. Complete
clinical information, derived from the TCGA database,
was classified according to the TNM grading system
(eighth edition of the American Joint Committee on
Cancer classification of thyroid cancer). Besides, age was
also included as a clinical factor. The samples without
complete clinical information were excluded from analysis
and the remaining PTC cases were randomly assigned to
the training set or the validation set at a ratio of 2:1.

For the training set, the Pearson’s correlation coeffi-
cient, chi-square test, and linear regression analysis were
respectively used for univariate and multivariate analysis
to identify correlations between the expression levels of
the candidate genes and the factors of T, N, M, and age.
Then, the significance of the results were verified using the
validation set. All statistical analyses were conducted
using R software version 3.3.0.

Experimental Verification

Collection Of Clinical Samples

We collected 30 thyroid tissues samples from clinical PTC
patients. The study cohort consisted of 30 patients with
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papillary thyroid cancer who underwent surgery at the
Department of Head and Neck Surgery of the Second
Affiliated Hospital of Harbin Medical University from
November 2015 to January 2016. All patients underwent
total or subtotal thyroidectomy and LN dissection, which
included the central LNs. All had complete pathological
reports, which included a clear diagnosis, tumor size (T),
and LN metastasis (N). Besides, the diagnosis of HT was
based on a significant increase in thyroid peroxidase anti-
body (TPOAD) and thyroglobulin antibody (TGAD). At the
same time, we also referred to the diagnosis in the patho-
logical reports. If the diagnosis based on the serological
antibodies was not consistent with the pathological diag-
nosis, the latter was preferred. All patients had normal
thyroid function [normal thyroid stimulating hormone
(TSH) concentration = 0.35-4.94 ulU/mL]. The informed
consent was obtained from all patients and the study,
including the consent process was approved by the
Ethics Committee of the No. 2 Affiliated Hospital of
Harbin Medical University (approval no. KY2016-017).

Detection Of Relatively Expressed Candidate Genes
All cancer tissues were frozen in liquid nitrogen immediately
after resection and stored at —80°C until analysis. Total RNA
was extracted from tissues with TRIzol reagent (Invitrogen
Corporation, Carlsbad, CA, USA) and then reverse tran-
scribed to generate cDNA using the PrimeScript®1st Strand
cDNA Synthesis KIT according to the manufacturer’s
instructions (Takara Bio, Inc., Shiga, Japan). Quantitative
real-time polymerase chain reaction (QRT-PCR) was used
to detect the expression levels of the KIT, PTPRC, and
COL1A1 genes. Primer pairs were designed using the
Primer3 tool. The glyceraldehyde 3-phosphate dehydrogen-
ase (GAPDH) gene was used as an internal reference to
normalize sample-to-sample variations. The qRT-PCR was
performed in triplicate using SYBR®Premix Ex Taq™
Master Mix (Takara Bio, Inc.) and a 7300 real-time PCR
system (Life Technologies, Carlsbad, CA, USA).

The qRT-PCR analysis was performed as follows. A
10-pL aliquot of the PCR reaction mixture was prepared
for each reaction, which included 5 pL. of SYBR Premix
Ex Taq II (2x), 0.2 uL of ROX Reference Dye (50x), 2 uL
of each primer (2.0 uM), 1 pL of the template, and 1.8 pL
of DNase-free water. The reaction mixture was incubated
in the wells of a 96-well plate at 95°C for 1 min, followed
by 40 cycles at 95°C for 5 s and 60°C for 30 s.
Dissociation curve analysis of the PCR products was per-
formed at the final stage of 60°C to 95°C. All reactions

were performed in triplicate. The relative expression levels
of KIT, PTPRC and COL1A1 were normalized to that of
GAPDH (ACt) and fold changes among the samples were
calculated using the 2-AACt method.

Statistical Analysis

The edgeR package was used to screen the DEGs. A
false positive rate (FDR) of < 0.05 and |log2 FC (fold
change)| of > 1 were set as the cut-off points. Chi-square
test and linear regression analysis were respectively
used for univariate and multivariate analysis to identify
correlations between the expression levels of the candi-
date genes and the factors of T, N, M, and age.

The independent sample7-test was used to identify
difference in the expression levels of the candidate genes
between the groups of PTC without and with HT.
Pearson’s correlation coefficient was used to explore the
correlation between the expression levels of the candidate
genes and the tumor size. 7-test was used to identify
difference in the expression levels of the candidate genes
between the groups of PTC with (NO) and without LN
metastasis (N1).

R software version 3.3.0 was used for all statistical
analyses and a probability (p) value of < 0.05 was con-
sidered statistically significant.

Results
Screening And Functional Analysis Of

DEGs
Use of the edgeR package (R3.3.0) identified 497 DEGs
(334 upregulated and 163 downregulated genes) with
RNA-Seq in PTC patients from the TCGA database.
After applying the DEGs in DAVID, 53 GO func-
tions were enriched, which included immunity, thyroid,
and protein tyrosine kinase (related to abnormal prolif-
eration of cancer cells) among others (Figure 1A-C).
Besides, seven KEGG-Pathways were also enriched
(Figure 1D).

Establishment And Analysis Of An
Integrated PTC-HT Network

The PPI network, consisting of 13,368 proteins with
80,977 interactions, was downloaded from the Human
Protein Reference Database. Analysis of the KEGG-
Pathways with the XML package in R identified interac-
tions among pairs of genes. A PTC-HT network of the
interactive pairs of KEGG-Pathways and PPI was created
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Figure | GO enrichment terms and KEGG pathway analysis of DEGs using the DAVID web-based tool.
Notes: The statistically significant enriched GO terms in (A) Biological Process, (B) Cellular Component, and (C) Molecular Function. (D) All statistically significant
enriched KEGG-Pathways. The FDR corrected p values are displayed on a -logl0 scale.

with Cytoscape software. Then, the DEGs and their first
neighbors were chosen from the PTC-HT network to cre-
ate a PTC-HT sub-network (Figure 2), which consisted of
1,778 nodes and 11,721 edges. After analyzing the PTC-
HT sub-network, 88 Hub nodes were defined, which
included the three candidate genes (PTPRC, COLI1AI,
and KIT).

Correlations Between The Expression
Levels Of The Candidate Genes And The
PTC Phenotype

A total of 278 PTC cases with complete clinical informa-
tion were divided allocated to the training set (n = 183) or
the validation set (n = 95).

For the training set, univariate analysis was used to
identify the correlation between the candidate genes and
the PTC phenotype [ie, tumor size (T), LN metastasis
(N), distant metastasis (M), and age. The results showed
that three candidate genes were associated with tumor
size (p < 0.05) and LN metastasis (p < 0.05), but less
so with distant metastasis and age (p > 0.05). The expres-
sion level of PTPRC was negatively correlated to tumor
size, but a positive factor to LN metastasis (OR=1.89,
95% CI:1.02-3.56).

The results of the multivariate analysis showed that the
expression levels of the candidate genes were correlated to
tumor size (p < 0.05) and LN metastasis (p < 0.05) when
other factors, including age, were removed (Table 1).
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Figure 2 Visualization of the PTC-HT sub-network using Cytoscape software.
Notes: The sub-network is shown above. The node size is proportional to the
degree. DEGs are shown in red and the nodes in blue are the first neighbors in the
network. Nodes denoted by triangles, regardless of color, are the GO-Genes.
Candidate genes are those that are both hub nodes, GO-genes and DEGs genes
simultaneously. So, the three largest red triangles (nodes) indicate the candidate
genes (KIT, PTPRC, and COLIALI).

Differences In The Expression Levels Of
PTPRC, COLIAI, And KIT Between The
Groups

To verify the results, an additional 30 PTC tissue samples were
collected by the same method described above. All patients

were women. There was no significant difference in the mean

Table | Analysis Of The Training Set

age of the 26 patients in the PTC without HT group and the four
cases in the PTC with HT group (45.5 + 10.38 vs 43.1 + 3.41
years, respectively, p > 0.05). Clinical information is shown in
Table 2.

PTPRC expression was greater in the PTC with HT
group than the PTC without HT group (p = 0.007). The
differences in COL1A1 and KIT levels were not statisti-
cally significant (Figure 3A). In addition, the results of
the receiver operating characteristic (ROC) curve analysis
that PTPRC can efficiently discriminate
between PTC with vs without HT [area under the curve
(AUC) = 0.846; Figure 3B).

illustrated

Correlation Between The Expression
Levels Of The Candidate Genes And The
PTC Phenotype

According to the Pearson’s correlation analysis, there was
no significant correlation between the expression level of
PTPRC and the tumor size (p = 0.079). Similar results
were found for COL1A1 and KIT.

There was no significant difference in the occurrence of
LN metastasis between the N1 and NO groups (14 vs 16
cases, respectively, p > 0.05; Figure 4A). Also, expression
of COL1A1 and KIT were not correlated to LN metastasis.

Table 2 Sample Summary

Characteristics PTC Without HT | PTC With HT
Age at diagnosis (years) | 45.5 + 10.38 43.1 £ 341

TSH level (pIU/mL) 1.79 £ 1.00 2.15 £ 1.44
TPOADb level (ulU/mL) 29.5 + 86.38 173.8 £ 347.42
TGAb level (pIU/mL) 24.0 + 89.71 63.1 £ 52.90
Tumor size (cm) 1.02 + 0.44 1.00 + 0.36
Lymph Node status

NO 14 2

NI 12 2

Total 26 4

Notes: NO means PTC with LN metastasis and NI means PTC without LN
metastasis. Data are expressed as mean * standard deviation.

P value Of Univariate Analysis P value Of Multivariate Analysis

T (PCC) N (OR) M Age T~exp N~exp
KIT 0.001 (—0.240) 0.041 (0.59) 0.447 0.977 0.042 0.042
PTPRC 0.028 (-0.162) 0.011 (1.89) 0.120 0.583 0.002 0.003
COLIAI 0.050 (0.145) 0.000 (1.35) 0.447 0.050 0.005 0.005

Abbreviations: PCC, Pearson Correlation Coefficient; OR, odds ratio.
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Figure 3 (A) Differences in the expression levels of the three candidate genes between two groups. (B) The ROC curve of PTPRC.

Discussion

PTC with HT is of great difference from the simple addition
of two diseases. Inflammatory and infectious diseases may
be strongly associated with tumor formation. Tumor cells
secrete several molecules, which promote the growth of
cancer cells and metastasis, and can cause genetic altera-
tions in proliferating cells.”” The thyroid gland is affected
by autoimmune attacks more than any other organ. HT is the
most common thyroidal autoimmune disease and its patho-
genesis is based on a cellular immune response against

thyroid autoantigens, with the contribution of genetic and
environmental factors.?® For instance, BRAF, which is clo-
sely associated with the presence and development of PTC,
may induce the activation of genes coding for molecules
involved in the immune response, is an important role in the
first steps of lymphocytic infiltration in HT.?”-*®
Conversely, the immune response directed against thyr-
oid cancer might be important for the prevention of metas-
tasis and disease recurrence.”’ Despite the long survival,

the recurrence rate in PTC patients is high in patients with

OncoTargets and Therapy 2019:12
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Figure 4 (A) Comparison of PTPRC levels between the NO and N groups. (B) PTPRC
levels between the NO and NI groups based on the data from the TCGA database.
*represents some outliers. When we define the distance between three quarters and one
quarter of the data as standard, *is more than three times of the standard.

and without LN metastasis (38.5%-58.8%, and 32%,
respectively).>® Like most lethal cancers, death from PTC
is from metastatic spread rather than invasion by the
primary tumor. Therefore, it is of particular importance
to quickly identify those patients with aggressive disease,
so that treatment can be started before metastatic spread.
In our view, PTC with HT is different from PTC alone by
its better prognosis, but affecting the lymph node metas-
tasis and recurrence in PTC patients, thus specific

biomarkers are needed. The results of this study demon-
strated a difference in the expression level of at least on
gene.

Moreover, prediction of the combination of HT is of
great importance for treatment of PTC. The guidelines of
the National Ccomprehensive Cancer Network and the
American Thyroid Association suggest thyroxine replace-
ment therapy after thyroidectomy in order to inhibit TSH
production, as TSH plays an important role in disease
recurrence by promoting the proliferation of PTC cells.
HT is regarded as a destructive tissue-specific autoimmune
disease with widespread lymphocyte infiltration, fibrosis,
and parenchymal atrophy of the thyroid tissue. The disease
usually leads to hypothyroidism, which is characterized by
deficits in T3 and T4, and elevated TSH levels. When
associated with HT, PTC patients may have a higher
level of TSH caused by HT. An inadequate treatment for
PTC patients with HT may lead to a greater risk of recur-
rence due to uncontrolled TSH production. Therefore, it is
crucial to identify biomarkers of PTC associated with HT
in order to improve disease prevention and treatment.

In addition, lymph node dissection and radioactivity
therapy for PTC patients have been controversial. These
are all closely related to lymph node metastasis and recur-
rence in PTC patients.

Analysis of data from the TCGA database in regard to
the function and interaction of genes demonstrated that the
expression levels of KIT, COL1A1, and PTPRC were all
significantly higher in the PTC with HT group than in the
PTC without HT group. Among these genes, only PTPRC
was found to be common in both clinical PTC patients and
the TCGA database. ROC curve analysis was also shown to
have good discriminatory power, as shown in Figure 3B.
AUC is an evaluation index to measure the quality of binary
classification model, and its value range from 0 to 1. The
closer the value is to 1, the better the discrimination is.
When AUC=0.5, it equals random. Thus, it shows a great
discrimination as AUC = 0.846 in our study.

Each of the candidate genes had an equal impact on the
combination of HT with PTC, but PTPRC was the most
reliable. In other words, patients with upregulated expres-
sion levels of PTPRC are more prone to have a combination
HT with PTC and a greater probability of changes to thyroid
function. There was no significant difference between the
two groups in the expression levels of KIT and COL1AI1,
but both were highly expressed in the PTC with HT group,
which was similar to that of the database (Figure 3A). So, a
larger sample size should be used in further studies.
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According to the database, the expression level of PTPRC
was negatively correlated with tumor size (p = 1.26e-10,
PCC = —0.14), but positively correlated with LN metastasis
(p = 0.01159, OR = 1.89), which was confirmed by both
univariate and multivariate analyses. Notably, age is consid-
ered to be strongly associated with PTC?' and is even an
independent factor of LN metastasis.** In multivariate analy-
sis, the expression level of PTPRC was still significant when
age was removed, suggesting that PTPRC is an effective
biomarker to predict LN metastasis in patients with PTC. As
known, metastatic lymph node significantly correlated with
worse survival, macrometastasis, and extracapsular spread.*
Some molecular biomarkers like DEGs are closely related to
the tumor stage (T), lymph node metastasis (N) of PTC, which
could reflect behavior of tumor progression.>* Therefore, we
can deduce that PTPRC may be related to the poor prognosis
of PTC patients.

The extent of lymph node dissection in patients with
PTC has always been a controversial issue in clinical
practice. We would also like to use research to provide
better reasons and evidence. In this study, we only found a
correlation between up-regulation of PTPRC gene expres-
sion and lymph node metastasis. But there is no reasonable
inference about the choice of lymph node dissection. In the
next research, we will pay more attention to these issues.

The role of thyroid antibodies should be clarified. For
the diagnosis of HT, serological antibodies and pathologi-
cal diagnosis were combined. Studies have shown that
TPOAD levels in PTC patients are elevated,” which may
lead to false positive results when using only thyroid
antibodies for the diagnosis of HT. Therefore, if serologi-
cal antibody analysis is not consistent with the pathologi-
cal diagnosis, we prefer the latter. On the other hand,
TPOADb positivity without diffuse lymphatic invasion is
not related to tumor invasiveness.>® So, antibodies were
not discussed and excluded as factors in this study of
prognostic factors associated with PTC.

Unfortunately, similar differences were found in the
verification group, but without statistical significance
(Figure 4B). Cerutti*” reported that PTPRC was a potential
marker of LN metastasis in PTC patients as the expression
level of PTPRC in LNs was significantly higher than in the
healthy thyroid and primary tumor tissue. So, a larger
sample size is needed for further confirmation. Our results
revealed that PTC with upregulated PTPRC levels is more
likely to suggest a smaller tumor size, but a poorer prog-
nosis. Remarkably, since the association of HT is benefi-
cial for the prognosis of PTC'' and upregulation PTPRC is

harmful, PTC patients with HT and upregulated PTPRC
may have a different prognosis due to the co-existence of
both diseases.

PTPRC is a member of the PTP family. PTP is closely
related to the JAK/STAT pathway. The STAT and CXCL
families are both cancer-related pathways. For example,
the single nucleotide polymorphism of C77G with PTPRC
is associated with the uneasily infiltrated tumor types of
ovarian cancer.’® PTPRC in metastatic LN is predictive of
favorable survival of patients with non-small cell lung
carcinoma.>® PTPRC is connected with molecular death
of PTC owing to cytotoxicity.** Moreover, PTPRC, which
is also known as CD45, has been shown to be an essential
regulator of T and B cell antigen receptor signaling, and
closely related to many autoimmune diseases, such as
chronic colitis*' and type 1 diabetes.** Fetal cell micro-
chimerism with CD45 has been found in both HT and
PTC, but seldom in normal thyroid tissue.*’

Via the David tool, we annotated the functions of
PTPRC, such as B cell proliferation, as it is an integral
component of the plasma membrane. PTPRC, which might
recognize memory cells, was found mostly in PTC, and
correlated well with the expression of human leukocyte
antigen — antigen D related, which is highly expressed on
the surfaces of tumor-infiltrating lymphocytes in papillary
carcinoma. These findings imply the presence of an active,
but variable, immune response.** Moreover, overexpres-
sion of PTPRC at the mRNA level indicates that LN
metastasis is likely to be present.*> These findings imply
that PTPRC may be a good biomarker for PTC with HT.
However, the sample size of the present study was small,
thus further extended studies are needed to rectify the
shortages of the current research.

Unfortunately, this study lacks pure HT patients as
control group. This is because the data of HT patients
are not available in TCGA database. Moreover, no HT
patients were willing to donate their thyroid tissue when
collecting samples. So we have no chance to set up HT
control group. However, this is indeed an issue that has an
impact, including potential bias, on the results of this
study. Therefore, we record this as one of the inadequacies
of this study. It reminds us to continue learning and try to
better solve this problem in further study.

Conclusion
In conclusion, the expression level of PTPRC is an effec-
tive biomarker to predict the prognosis of HT combined
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with PTC. Upregulation of PTPRC contributes to a poor
prognosis of the combination of HT with PTC.
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