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Abstract. The incidence of well‑differentiated thyroid cancer 
(WDTC) is rapidly increasing. Poor survival follows distant 
metastasis (DM) and recurrence. In the present study, we 
aimed to analyze the expression alterations in different stages 
of WDTC and the regulatory mechanism of DM and the 
recurrence of DM. A male patient diagnosed with follicular 
thyroid cancer and distant metastasis in the eleventh thoracic 
vertebrae received total thyroidectomy and the removal of a 
metastatic lesion. A local relapse was found in the vertebrae 
after four‑time iodine‑131 treatment. We performed mRNA 
and microRNA microarray on the paracancerous, cancerous, 
metastatic and metastatic recurrent tissue. In combination 
with the data of The Cancer Genome Atlas (TCGA), we used 
bioinformatics approaches to analyze the common alterations 
and microRNA‑mRNA interactions among the processes of 
tumorigenesis and metastasis. Metastatic lesions and recurrent 
lesions were used to investigate the molecular mechanism 
of tumor evolution and recurrence in this case. A total of 
four mRNAs and two microRNAs were newly found to be 

related to patient survival in WDTC. The microRNA‑mRNA 
interactions were predicted for the overlapped mRNAs and 
microRNAs. Lineage deregulation of genes, such as C‑X‑C 
motif chemokine receptor  4 (CXCR4) and thyroglobulin 
(TG) were found from the tumorigenic stage to the metastatic 
stage. The ribosome pathway was highly enriched in the bone 
metastasis compared with the cancerous tissue. The down-
streaming effects of p53 were impaired in the recurrent lesion 
due to deregulation of several functional genes. The integrated 
analysis with TCGA data indicated several prognostic markers 
and regulatory networks for potential treatment. Our results 
also provided possible molecular mechanisms in which the 
ribosome and p53 pathways may respectively contribute to 
bone metastasis and local recurrence of metastasis

Introduction

Thyroid cancer, the most common endocrine malignancy 
worldwide, has increased 3‑fold in the past 3 decades (1,2). 
Well‑differentiated thyroid cancer (WDTC), including papil-
lary and follicular thyroid cancer, represents >90% of all 
thyroid cancers (3), and patients with WDTC have a 10‑year 
survival of 80‑95%. Many studies have profiled WDTC genes 
and rearrangements of RET/PTC and PAX8/PPARγ (4), and 
frequent (70%) point mutations of BRAF and RAS genes, 
which alter the mitogen‑activated protein kinase (MAPK) 
signaling pathway (5‑7) were documented in WDTC. Several 
genes, such as MUC1, PD‑L1, DPP4, and mutations of 
the BRAFV600E and TERT promoter, have been reported as 
prognostic markers (8‑11).

For WDTC, 10‑year survival is reduced to 14‑40% when 
distant metastasis (DM) occurs  (12‑14). For patients with 
metastases, radioactive iodine (131I) has been the mainstay of 
treatment, selectively combined with surgical intervention, 
external beam radiation and chemotherapy (15). Metastatic 
lesions are sometimes resistant to 131I, so treatment options are 
limited and survival is poor (10‑year survival, 10%) (14,16). 
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Recurrence also greatly contributes to the morbidity of 
WDTC  (17,18), and recurrence at 30  years is 35%, most 
being local with 32% being DM (17). Thus, we must identify 
potential targets to improve therapeutic strategies to prevent 
metastasis and recurrence.

MicroRNAs (miRNAs) are a class of endogenous small 
(18‑22  nucleotide) non‑coding RNAs. Gene expression 
regulation by miRNAs is of interest because many miRNAs in 
WDTC, such as miR‑221, miR‑222 and miR‑146 (19‑21), have 
been reported to have critical roles in the regulation of apop-
tosis, proliferation, the cell cycle and epithelial‑mesenchymal 
transition by negatively regulating mRNAs post‑transcription-
ally. Other studies on mRNA and miRNA expression indicate 
a miRNA‑mRNA regulatory network that may provide clues 
for genetic deregulation in WDTC (22,23). Although many 
studies have focused on the tumorigenesis of WDTC, few 
studies have identified the mechanism of metastasis and 
recurrence in WDTC. This is due to the fact that tissues must 
be taken from metastatic sites, yet metastasis‑prone sites of 
WDTC, such as the brain and bones, are challenging to sample 
properly. Second, the incidence of metastasis and recurrence 
is relatively low, and as such, WDTC patients have better 
outcomes than other malignancies.

In the present study, we collected tissue samples from four 
separate stages of WDTC: normal, cancerous, metastatic 
and recurrent stages and we performed mRNA and miRNA 
microarray analysis. By integrating our study with gene 
expression data from The Cancer Genome Atlas (TCGA) (21), 
we revealed novel prognostic markers and key genes related to 
the progression of WDTC and possible pathways involved in 
WDTC recurrence.

Materials and methods

Pipeline and workflow. We observed changes in the expression 
of mRNA and miRNA in normal, cancerous, metastatic 
and recurrent stages of WDTC. To study tumorigenesis and 
metastasis, we overlapped our results with differentially 
expressed mRNAs (DEmRNAs) and miRNAs (DEmiRNAs) 
from TCGA sequencing data, which contained more than 
500 cancerous samples of papillary thyroid cancer, 59 normal 
samples, 8 lymph node metastatic (LNM) samples and corre-
sponding clinical data. We performed survival analysis to 
identify prognostic influence, enrichment analysis to reveal 
relevant pathways and ontology of gene sets and miRNA target 
prediction to depict possible miRNA‑mRNA interactions in 
WDTC (Fig. 1).

Patient and sample preparation. The present study was 
approved by the Institutional Review Board and Ethics 
Committee of The Shanghai Tenth People's Hospital, Tongji 
University, Shanghai, China (SHSY‑IEC‑KY‑4.0/17‑13/01). In 
March 2010, case WDTC01 was a 40‑year‑old male patient, 
diagnosed with follicular thyroid cancer and distant bone 
metastasis (BM) in the 11th thoracic vertebrae. Total thyroid-
ectomy was performed at Zhongshan Hospital, Shanghai, 
China. Paracancerous and cancerous tissues were collected 
during surgery. To relieve neurological symptoms of the lower 
extremity caused by BM, the metastatic lesion was debulked, 
collected and internally fixed. After three 131I radiation 

ablations, local recurrence was observed at the 11th thoracic 
vertebrae on September 2011 and the recurred lesion was 
collected during surgery (Fig. 1). All samples were immedi-
ately stored at ‑80˚C until use. Total RNA was harvested using 
TRIzol (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) and an miRNeasy mini kit (Qiagen GmbH, Hilden, 
Germany) according to the manufacturer's instructions.

Genome‑wide transcriptional prof iling with Agilent 
microarray and microRNA microarray expression profiling. 
RNA was immediately shipped on dry ice to KangChen 
Bio‑Tech (Shanghai, China) for mRNA and miRNA micro-
array assay. For analysis via the Agilent Whole Human 
Genome Oligo Microarray platform, total RNA from each 
sample was amplified and transcribed into fluorescent cRNA 
using the manufacturer's instructions (Agilent's Quick Amp 
Labeling protocol, version 5.7; Agilent Technologies, Santa 
Clara, CA, USA). Labeled cRNAs were hybridized onto the 
Whole Human Genome Oligo Microarray (4x44 K; Agilent 
Technologies). After washing the slides, arrays were scanned 
using the Agilent Scanner G2505C. Agilent Feature Extraction 
software (version 11.0.1.1) was used to analyze the acquired 
array images. Quantile normalization and subsequent data 
processing were performed using the GeneSpring GX v11.5.1 
software package (Agilent Technologies).

For the miRNA microarray, samples were labeled using the 
miRCURY Hy3/Hy5 Power labeling kit and hybridized with a 
miRCURY LNA Array (v.16.0) (Exiqon, Vedbaek, Denmark). 
Following washing, the slides were scanned using the Axon 
GenePix 4000B microarray scanner. Scanned images were then 
imported into GenePix Pro 6.0 software (Axon Instruments; 
Molecular Devices, LLC, Sunnyvale, CA, USA) for grid align-
ment and data extraction. Replicated miRNAs were averaged 
and miRNAs in which intensities were ≥50 in all samples were 
chosen for calculating a normalization factor.

Targeting prediction and enrichment analysis. The online 
prediction tool MiRWalk 2.0 (24) was used to predict interac-
tions between miRNAs and mRNAs. In addition, miRanda (25) 
and TargetScan (26) were selected to generate an intersecting 
gene list. When an mRNA was predicted by all three data-
bases, it was considered a target for the miRNA. Biological 
pathways defined by the Kyoto Encyclopedia of Genes and 
Genomes (KEGG) (27) and Gene Ontology (GO) (28) were 
analyzed using the Database for Annotation, Visualization and 
Integrated Discovery (DAVID) (29). DAVID provides a set of 
functional annotations for many genes. In the present study, 
KEGG pathway and GO terms were selected with a threshold 
of P<0.05.

Statistical analysis. For WDTC01, mRNAs and miRNAs with 
fold‑changes (FC) >1.5 times were defined as differentially 
expressed and considered for analysis. RNA sequencing data 
with 505 samples of papillary thyroid cancer (PTC), 59 normal 
control and eight LNM, with the ‑3 miRNA sequencing data 
of 502 samples of PTC, 59 normal control and eight LNM 
from TCGA thyroid carcinoma (THCA), and survival data 
were downloaded from the TCGA analytical tool UCSC 
Xena (http://xena.ucsc.edu). However, recurrent sites were 
not available. The unit for the mRNA sequencing data was 
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log2 (RSEM+1) and the unit for the miRNA sequencing data 
was log2 (RPM+1). To screen differentially expressed mRNAs 
and miRNAs with a median expression  >0, we used the 
linear model of the limma package (30) of R‑3.4.1. Benjamin 
and Hochberg's (31) correction was applied to ensure a false 
discovery rate (FDR). For comparisons between cancer and 
normal samples, DEmRNAs and DEmiRNAs were identi-
fied when FC >1.5, P<0.05 and FDR <0.05. For comparisons 
between 8 LNM and cancer samples, criteria were FC >1.5 and 
P<0.05.

To depict expression differences, a scatter plot was used 
to describe averages and standard deviations of expression. 
To address overall survival (OS) and recurrence‑free survival 
(RFS) for patients, we retrieved follow‑up states for patients 
in the clinical data matrix from TCGA and merged this with 
the expression matrix and performed Kaplan‑Meier analysis 
for each mRNA and miRNA with survival of R. OS and RFS 
were considered significant when log-rank test was P<0.05.

Results

Upregulated ASF1B and ALPL and downregulated RPS27, 
CACNA1I, let‑7a‑2‑3p and miR‑486‑5p are related to the 
prognosis of WDTC. We observed 444 upregulation and 
740 downregulated DEmRNAs and 114 upregulation and 
105 downregulated DEmiRNAs in cancerous tissue for 
WDTC01 (Fig. 2). To validate commonly expressed DEmRNAs 
and miRNAs in WDTC, DEmRNAs and miRNAs were 
compared with TCGA data. We identified 49 upregulated 
and 53 downregulated DEmRNAs, along with 2 upregulated 
and 10 downregulated DEmiRNAs, which were commonly 
deregulated (Fig. 3A). We selected overlapping molecules to 
perform survival analysis and construct a miRNA‑mRNA 
network using online miRNA‑target predicting tools. We found 
10 overlapping mRNAs that interacted with 21 commonly 
deregulated mRNAs (Fig. 3B).

Among commonly expressed DEmRNAs and miRNAs, 
high expression of alkaline phosphatase, liver/bone/kidney 
(ALPL), low expression of ribosomal protein S27 (RPS27) and 
calcium voltage‑gated channel subunit alpha1 I (CACNA1I) 
were associated with overall survival of WCDT. High 
expression of anti‑silencing function 1B histone chaperone 
(ASF1B) and low expression of let‑7a‑2‑3p and miR‑486‑3p 
were associated with RFS for WDTC (Fig. 3C).

Expression patterns are related to metastatic variations of 
WDTC. We identified 632 upregulation and 316 downregu-
lated DEmRNAs and 20 upregulation and 46 downregulated 
DEmiRNAs in DM and recurrent lesions of WDTC01. To 
identify evolutionary signatures related to metastasis of 
WDTC, we investigated common expression patterns shared 
with BM from WDTC01 and LNM from TCGA. DEmRNAs 
and miRNAs from both metastatic sources were different. 
We found 18 upregulated DEmRNAs, such as apolipopro-
tein E (ApoE), cathepsin H (CTSH), C‑X‑C motif chemokine 
receptor 4 (CXCR4) and mucin 4 (MUC4) and one downregu-
lated DEmRNA, gonadotropin releasing hormone receptor 
(GNRHR) in BM and LNM. For miRNAs, downregulation of 
miR‑30a‑5p occurred in BM and LNM (Fig. 4A).

Hyper‑activation of the ribosome pathway contributes to DM 
of WDTC as indicated by enrichment analysis. To analyze 
features of BM and LNM of WDTC, we performed enrich-
ment analysis with DEmRNAs that did not overlap between 
the two metastatic sources. Ribosomes, first listed in KEGG 
analysis and cell component (CC) in the GO analysis, were 
involved.

Significant biological process (BP) and molecular func-
tion (MF) terms were related to the translational process. 
Our analysis focused on the ribosome pathway in which 63 
enriched genes were upregulated (Fig. 4B). For LNM, KEGG 
terms were related to immune‑related pathways. BP terms 

Figure 1. Schematic of sample collection and research procedure. (A) Schematic of treatment time‑points and sample collections for case WDTC01. (B) Pipeline 
diagram represents the study work flow to observe changes in mRNA and miRNA expression across different stages of WDTC and assessment using enrich-
ment analysis and targeting predictions. TCGA data and corresponding survival data were used to investigate tumorigenic and metastatic processes during 
WDTC. 131I, iodine‑131 radiotherapy; T11, 11th thoracic vertebrae; WDTC, well‑differentiated thyroid cancer.
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Figure 2. Heatmap plot of DEmRNAs and DEmiRNAs from WDTC01 and TCGA sequencing data. Heatmap plot of top 20 upregulation and top 20 down-
regulated mRNAs and miRNAs with the greatest fold‑change from microarray data of WDTC01 and TCGA sequencing data of cancerous tissue (C) and 
paracancerous tissue (P).

Figure 3. DEmRNAs and DEmiRNAs associated with carcinogenesis of WDTC. (A) Venn diagram of DEmRNAs and DEmiRNAs from WDTC01(red, 
upregulation; green, downregulation) overlapped with TCGA data (purple, upregulation; yellow, downregulation) (B) Using overlapping DEmRNAs and 
DEmiRNAs, a miRNA‑mRNA interaction network was created by applying three target predicting algorithms. Nodes with black borders were related to 
OS and nodes with brown borders were related to RFS. (C) Expression and Kaplan‑Meier curves of four overlapped mRNAs and two overlapped miRNAs 
associated with OS or RFS.
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were related to the ERK1/ERK2 signaling pathway and cellular 
calcium ion homeostasis. CC terms were related to extracel-
lular activity and MF terms were associated with regulation of 
ion and protein binding (Fig. 4C).

Comparison among different stages of WDTC reveals that 
upregulation and downregulated DEmRNAs and DEmiRNAs 
are associated with tumor progression. To investigate 
DEmRNAs and miRNAs associated with tumor progression, 
we analyzed three stages of WDTC01 (normal, cancerous 
and metastatic tissues) before 131I treatment. Upregulated 
DEmRNAs included ATP‑binding cassette subfamily A 
member 10 (ABCA10) and Mitogen‑Activated Protein Kinase 
Kinase 3  (MAP2K3) and 13 downregulated DEmRNAs, 
such as BCL2 binding component 3 (BBC3) and thyroglob-
ulin (TG), as well as 18 upregulation and 17 downregulated 
DEmiRNAs that were constantly deregulated with tumor 
progression (Fig. 4D).

Potential interactions among DEmRNAs and miRNAs 
using the aforementioned algorithm suggested that downregu-
lation of miR‑1291, miR‑133a‑5p and miR‑3646 may increase 
the expression of MAP2K3 and ABCA10. Downregulation of 
the pro‑apoptotic gene BBC3 may be caused by increases in 
5 different progression‑related miRNAs. The lineage upregu-
lation of miR‑204‑3p and miR‑3202 may interfere with the 

expression of TG, an important marker for thyroid cancer cell 
stemness (Fig. 4E).

Regained TG expression and impaired p53 downstream in 
recurrent lesions. To understand the underlying molecular 
mechanisms for recurrence following three 131I treatments, we 
compared recurrence and metastasis and revealed that there 
were 740 upregulation and 754 downregulated mRNAs and 88 
upregulation and 60 downregulated miRNAs. TG was the most 
upregulated gene (10‑fold) in recurrent lesions. Pro‑apoptotic 
genes BAX (FC=23.6) and caspase‑8 (FC=9.2) were among 
the top 20 downregulated genes (Fig. 5A).

KEGG pathway enrichment analysis was applied to 
1,494 DEmRNAs and the p53 signaling pathway was of 
interest (Fig. 5B). Downregulation of BCL2 associated X, apop-
tosis regulator (BAX) and caspase‑8 (CASP8) and upregulation 
of cyclin B1 (CCB1), D1 (CCD1) and E1 (CCE1) indicated 
attenuated downstream effects of the p53 pathway, such as cell 
cycle arrest and apoptosis (Fig. 5C). MiRNA‑mRNA inter-
action analysis revealed potential DEmiRNAs in recurrent 
lesions, which regulated these mRNAs downstream of the p53 
pathway. Among apoptotic‑inducing genes, BAX and CASP8 
were targeted by several miRNAs, and miR‑1827 interacted 
with BAX and CASP8; EI24 was targeted by miR‑211‑5p, 
a well‑known oncogene in WDTC (Fig. 5D).

Figure 4. DEmRNAs and DEmiRNAs associated with metastasis of WDTC. (A) Venn diagram of DEmRNAs and DEmiRNAs from WDTC01, featuring 
expression changes in metastatic lesions (M) and local metastatic recurrence (R) compared to cancerous tissue (C) (red, upregulation; green, downregulation) 
overlapped with eight LMN from TCGA data (purple, upregulation; yellow, downregulation). All genes enriched in the ribosome pathway were upregulated 
(red squares) (B) KEGG and GO enrichment analysis of 614 upregulated and 315 downregulated mRNA specified in BM shows a strong relationship with 
translational activity. (C) KEGG and GO enrichment analysis of 830 upregulated and 199 downregulated mRNA specified in the LMN lesion revealed an 
association with the cytokine receptor and the chemokine signaling pathway. (D) Overlapped mRNAs and miRNAs in Venn diagram represent upregulation 
and downregulated genes comparing normal tissue (N) to cancerous tissue to metastasis. TG, marked by a red box, continuously downregulated in WDTC01. 
(E) Putative regulatory network regarding overlapped mRNAs and miRNAs.
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Discussion

Despite increasing WDTC globally, few studies have investi-
gated metastatic sites of WDTC from a genomic perspective. 
RNA‑Seq analysis of metastatic sites, including two LNM 
and one pleural metastasis from a single patient, revealed 
intratumor heterogeneity and clonal evolution (32). Another 
miRNA study analyzed miRNA transcriptomes of PTC with 
four LNM and noted that downregulation of miRNAs was a 
common feature in PTC tumorigenesis (33). However, there 
has been no study to investigate the underlying mechanisms 
of recurrent WDTC using recurrent lesions and genomic 
profiling due to the difficulty of collecting tissue. We used one 
paired bone metastatic and one paired recurrent metastatic 
lesion and performed mRNA and miRNA microarray analysis. 
Integrated with TCGA data, we found common prognostic 
factors as key expression changes related to metastasis and 
distinct features of LMN and BM. We also suggested a pattern 
for recurrence from a genomic perspective, and we provided 
evidence for future prevention and therapy for metastasis and 
relapse of WDTC.

The epithelial‑mesenchymal transition is a well‑estab-
lished model explaining thyroid cancer development  (34). 
TG is thought to be a differentiation marker for WDTC (35), 
and lower TG expression was revealed to be correlated with 
thyroid cancer cell stemness (34). For WDTC01, TG expres-
sion gradually decreased in normal tissue to metastatic stage 
tissue (Fig. 4D). This may be explained by the fact that tumor 
cells with lower TG expression migrating from the primary 
tumor are prone to BM, which is supported by the fact that 

poorly differentiated thyroid cancer has more DM  (36). 
Additionally, significant repression of TG was absent in 8 
LNM from TCGA, indicating that TG suppression is specifi-
cally related to BM and not LNM. Next, the microenvironment 
of the vertebrae may induce an adaptive response to suppress 
expression of TG. According to the miRNA‑mRNA analysis, 
TG may be suppressed by aberrant upregulation of miR‑3202 
and miR‑204‑3p (Fig. 4D). Along with TG, the pro‑apoptotic 
BBC3 gene was gradually downregulated during lineage 
dedifferentiation. The putative miRNA‑mRNA network 
revealed that continuously increasing expression of miR‑622, 
miR‑144‑3p, miR‑30b‑3p, miR‑711 and miR‑665 may be the 
trigger of dysregulation of BBC3.

High expression of ALPL and low expression of 
miR‑486‑5p were related to a prognosis of WDTC, and these 
markers were associated with cancer cell stemness. High 
expression of ALPL, as a pluripotent stem cell marker (37), has 
been revealed to be associated with poor OS for glioblastoma 
and prostate cancers (38,39). For lung and prostate cancer, 
downregulation of miR‑486‑5p was reported to be associated 
with poor survival (40‑42). Cellular function data revealed 
that loss of miR‑486‑5p dedifferentiated cancer cells via 
epithelial‑mesenchymal transition (42).

To find the common molecules related to BM and LNM 
in WDTC, we overlapped expression changes in both and 
among the 19 overlapped DEmRNAs, and CXCR4 was key 
to the CXCL12/CXCR4 pathway, a critical and well‑studied 
pathway in BM (43). CXCR4 was reported to be significantly 
upregulated and related to BRAF mutations and neoplastic 
infiltration, resulting in more aggressive WDTC (44). Another 

Figure 5. DEmRNAs and DEmiRNAs associated with recurrence of WDTC. (A) Heatmap plot of top 20 upregulation and top 20 downregulated mRNAs and 
miRNAs with the greatest fold‑change regarding expression alterations after 131I treatment. (B) Top 10 KEGG pathway enrichment analysis of DEmRNAs with 
the greatest log10 (p‑value). (C) DEmRNAs enriched in the p53 pathway revealed impaired downstream function of the p53 pathway in cancer recurrence. Red 
box, upregulated genes; green box, downregulated genes. (D) Regulatory network of deregulated genes in the p53 pathway. Node colors reflect fold‑changes.
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two molecules involved in WDTC progression were also related 
to cancer cell stemness. As reported in ovarian carcinoma (45), 
MUC4 can induce epithelial‑mesenchymal transition, and it 
can enhance the invasion of tumors in pancreatic and breast 
cancers (46,47). miR‑30a‑5p, the only overlapped miRNA in 
metastatic lesions, is reported to be associated with cancer 
metastasis. The loss of miR‑30a‑5p can lead to invasion and 
migration of breast cancer (48) and colorectal cancer cells (49) 
and epithelial‑mesenchymal transition (50).

In addition, BM and LNM had distinct features with respect 
to enrichment analysis. Notably, all KEGG and GO terms of 
BM for WDTC01 were associated with ribosomal activity, and 
all genes enriched in this pathway were upregulated, indicating 
that efficient ribosome translational machineries contribute to 
BM in WDCT01. Although individual ribosomal proteins, such 
as RPL17 and RPS27L, were reported to be tumor suppressors, 
ribosome biogenesis and translation were directly associated 
with increased cell growth and proliferation (51). In contrast, 
no sign of overturned ribosomal activity was observed in the 8 
LNM, perhaps due to the different microenvironment between 
BM and LNM.

The most common reason for WDTC recurrence was due 
to poor uptake of 131I in the poorly differentiated variant of 
WDTC. For WDTC01, gradually decreased expression of TG 
indicated a more dedifferentiated type of WDTC, so inefficient 
uptake was considered to contribute to cancer relapse (52). 
However, following 131I treatments, expression differed greatly 
from former metastatic lesions, indicating heterogeneity of 
the recurrent lesion. Well‑differentiated neoplasms arise from 
residual cancer stem cells (CSCs) following surgical debulking. 
TG expression was again recovered to its pre‑metastatic 
state because CSCs give rise to differentiated progeny (53). 
According to enrichment analysis, several critical genes of 
the p53 pathway were altered, and apoptotic resistance and 
a promoted cell cycle should increase proliferation of the 
recurrent lesion.

In summary, we offered an integrated analysis of mRNAs 
and miRNAs involved in the metastasis, progression and 
recurrence of WDTC and identified numerous mRNA and 
miRNA related to stemness, which contributed to the malig-
nancy and recurrence of WDTC. The ribosome pathway was 
hyper‑activated in BM, and the p53 pathway was correlated 
with relapse in our case. This information may provide useful 
regulatory targets and pathways for future development of 
predictive tools and therapies of WDTC.
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