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Background and Objectives: Targeting cancer-associated fibroblast (CAF) is being 
explored as an approach to improve cancer therapies. The roles of CAF remain unclarified 
in malignant transformation of papillary thyroid cancer (PTC) into dedifferentiated thyroid 
cancer (DDTC). This study aimed to investigate correlations of CAF with dedifferentiation 
and clinicopathological characteristics of thyroid cancer.
Materials and Methods: We applied three different mRNA-based CAF gene signatures to 
quantify CAF in our cohort, the Gene Expression Omnibus (GEO) cohort and The Cancer 
Genome Atlas (TCGA) cohort, and analyzed expression of α-SMA by immunohistochem-
istry in thyroid cancer. The CAF score was analyzed for its associations with clinicopatho-
logical characteristics, genetic mutations, tumor-associated signaling pathways and immune 
landscape.
Results: The CAF score increased significantly in DDTCs compared with normal thyroid 
tissues and PTCs, and the α-SMA-positive CAFs were found enriched in DDTCs. The high 
CAF score showed a significant correlation with the anaplastic phenotype in DDTC and low 
thyroid differentiation score in PTC. Patients with a high CAF score remarkably increased 
the risk of aggressive outcomes in both DDTC and PTC. Furthermore, the CAF score was 
positively correlated with genetic mutations, oncogenic signaling pathways, the immune 
score and increased expression of tumor microenvironment (TME) target markers.
Conclusion: Our findings suggest CAFs positively correlate with dedifferentiation and 
aggressive outcomes of thyroid cancer, and targeting CAFs as a therapeutic approach may 
benefit DDTC patients.
Keywords: CAF, dedifferentiation, DDTC, PTC

Introduction
A series of studies support tumoral progression from well-differentiated thyroid 
cancer to dedifferentiated thyroid cancer (DDTC), including poorly differentiated 
thyroid cancer (PDTC) and anaplastic thyroid cancer (ATC).1–4 Dedifferentiation of 
papillary thyroid cancer (PTC) into DDTC contributes to aggressive and even lethal 
outcomes of thyroid cancer patients as mentioned in our previous study.5 It is well 
known that accumulation of genetic alterations is responsible for the malignant 
transformation of dedifferentiation.1,2

Tumor microenvironment (TME) is the key driving factor of tumor progression.6 

Within the TME, cells of the innate (eg, macrophages, mast cells, neutrophils) and the 
adaptive (eg, lymphocytes) immune responses are interconnected with epithelial 
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cancer cells, fibroblasts, and endothelial cells via cytokines, 
chemokines, and adipocytokines, of which the molecular 
pattern has a key role and could explain the involvement of 
the immune system in tumor initiation and progression.7 

Cancer-associated fibroblasts (CAFs), as a type of activated 
fibroblasts, are implicated to be a critical modulator within 
TME, which crosstalk with both cancer cells and TME to 
sustain cancer cell survival, to promote invasion and metas-
tasis, to induce angiogenesis, and to attenuate chemother-
apeutic sensitivity.8–10 CAF’s clinical implications have 
been shown adequate to serve as a biomarker and 
a potential target in some cancer.10,11 Several studies have 
revealed that presence of CAF is associated with invasion 
of thyroid cancer.12–15 However, on one aspect, there is no 
study investigating the roles of CAF in dedifferentiation of 
thyroid cancer, and on the other aspect, CAF was com-
monly identified based on the expression of one or two 
CAF markers, such as alpha-smooth muscle actin (α- 
SMA) or fibroblast activation protein alpha (FAP) in the 
previous studies,12,13,15 which are not representative of the 
overall CAF population.

The present study aimed to use three different CAF 
gene signatures to investigate the associations of CAF with 
differentiation status and clinicopathological outcomes in 
thyroid cancer patients from Fudan University Shanghai 
Cancer Center (FUSCC), the Gene Expression Omnibus 
(GEO) database and The Cancer Genome Atlas (TCGA) 
database. The CAF signature score was found to signifi-
cantly increase in DDTC, and the patients with a high 
CAF score showed aggressive outcomes. Additionally, 
we further analyzed molecular abbreviations of cancer 
cell and TME associated with CAF to uncover possible 
mechanism underlying CAF-modulating progression.

Materials and Methods
CAF Gene Signatures
Considering the existence of different CAF subpopulations 
in cancer stroma, the usage of one or two positive markers 
for CAF selection has been demonstrated to be heteroge-
neous. Thus, we applied three different mRNA-based CAF 
gene signatures to quantify CAF in thyroid cancer accord-
ing to the previous studies from Wu,16 Nurmik17 and 
Calon.18 The gene sets of the above CAF signatures 
were provided in Table-S1. A summary score of CAF is 
defined in each sample as the median of the absolute 
expression value of the genes in the signature, as described 
in the previous study.19

RNA Sequencing Data from FUSCC
We previously performed high-throughput RNA sequen-
cing in six normal thyroid (NT) tissues, five PTC tissues, 
and five DDTC tissues from PTC cases undergoing ded-
ifferentiation, and the RNA sequencing methods and the 
clinicopathological parameters of these cases were 
described in the previous study.20 The RNA sequencing 
data of the five NTs, five PTCs, and five DDTCs were 
used for analyses in this study due to the bias of the 
sequencing outcomes from a normal sample, of which 
gene expression profiles of the three CAF signatures 
were shown in Table-S2. Our study was approved by the 
Medical Ethics Committee of the FUSCC, and all patients 
provided written informed consents for their specimens 
and information to be used for research and stored in the 
hospital database. All procedures performed in this study 
were in accordance with the ethical standards of our insti-
tutional research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical 
standards.

Immunohistochemistry (IHC)
We obtained the surgical samples of PTC cases undergoing 
dedifferentiation from the Department of Pathology at the 
FUSCC, which were fixed in formalin and embedded in 
paraffin. Hematoxylin- and eosin-stained (H&E) sections 
were used to identify regions of PTC and dedifferentiated 
carcinoma. IHC staining was performed to detect α-SMA 
(Clone 1A4, M0851, 1:500, Dako) expression on a Roche 
BenchMark ULTRA system according to the manufac-
turer’s instructions. The staining extent was scored as 0 
(<10%) and 1 (≥10%) based on the percentage of α-SMA 
positive-staining fibroblasts in cancer stroma according to 
the previous study.15,21 The intensity score from 0–2 was 
given for each sample according to the staining intensity 
(0, negative; 1, low intensity; 2, high intensity). Scores for 
staining intensity and positivity percentage were then mul-
tiplied to generate the immunoreactivity score for each 
case.

Transcriptional Profiles from the GEO 
Database and the TCGA Database
We obtained raw microarray cell intensity (CEL) files of 
thyroid cancer including GSE29265, GSE33630,22,23 

GSE53157,24 GSE6514425 and GSE760393 from the GEO 
database (http://www.ncbi.nlm.nih.gov/geo/).26,27 The files 
were background-adjusted and normalized using Robust 
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Multichip Average.28 The same chip platform (Affymetrix 
Human Genome U133 Plus 2.0 Array) was used by the files 
of the GEO cohort. The ComBat method was used to remove 
the batch effects. All probes were mapped to the latest version 
of the NetAffx Annotation File. If a gene symbol was recorded 
with multiple probes, the average value was used as its expres-
sion level. The combined GEO cohort included the GSE29265 
cohort (20 NTs, 20 PTCs and 9 ATCs), the GSE33630 cohort 
(45 NTs, 49 PTCs and 11 ATCs), the GSE53157 cohort (3 
NTs, 15 PTCs and 5 PDTCs), the GSE65144 cohort (13 NTs 
and 12 ATCs) and the GSE76039 cohort (17 PDTCs and 20 
ATCs). TCGA cohort data were available at the website of 
DATA SETS of University of California Santa Cruz (UCSC) 
Xena (THCA_22 datasets: https://xenabrowser.net/datapages/ 
; https://www. biorxiv.org/content/early/2018/08/28/326470) 
and The cBioPortal for Cancer Genomics (http://www.cbiopor 
tal.org/). The data from the GEO cohort and the TCGA cohort 
were described in detail in our previous study,20 Table-S3 and 
Table-S4.

Gene Set Enrichment Analysis (GSEA)
GSEA was performed using GSEA software, Version 2.0, 
which was obtained from the Broad Institute (http://www. 
broad.mit.edu/gsea), as previously described.29,30 

Enrichment Map was used for visualization of the GSEA 
results. Normalized enrichment score (NES) and false dis-
covery rate (FDR) were used to sort the Hallmark Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathways 
enriched in each phenotype after gene set permutations 
were performed 1000 times for each analysis.

Enrichment Analyses of Immune Cell 
Types
As mentioned in the previous studies,31,32 we used the 
xCell tool (http://xcell.ucsf.edu/), a gene-signature based 
method for inferring cell types from tissue transcriptome 
profiles, to evaluate the heterogeneous cellular landscape 
of TME. The xCell tool inferred enrichment scores of 
immune cell types in TME by using the transcriptome 
data of the 74 DDTC cases from the GEO database and 
the 391 PTC cases from the TCGA database.

Statistical Analysis
Continuous variables were, respectively, expressed as the 
mean±standard deviation (SD) in analyses of associations 
between clinical parameters and molecular variables, and 
categorical data were summarized with frequencies and 

percentages. Student’s t-test and one-way analysis of var-
iance were performed to evaluate the differences of con-
tinuous variables between two groups and among more 
than two groups, respectively. Associations between con-
tinuous variables and categorical variables were evaluated 
using Mann–Whitney U-tests for two groups and Kruskal– 
Wallis tests for more than two groups. χ2 and Fisher’s 
exact test were used for categorical variables. To analyze 
the associations between the CAF score and clinicopatho-
logical parameters, patients were divided into two sub-
groups (Low-CAF score and high-CAF score) according 
to the median value of the CAF score. Based on the 
median value of thyroid differentiation score (TDS), we 
divided the PTC patients from the TCGA cohort into 
a low-differentiated group and a high-differentiated 
group. Nonparametric receiver operating characteristic 
(ROC) analyses were performed to calculate area under 
curve (AUC) for the signature that would be predictive of 
low differentiation status. Pearson’s/Spearman correlation 
was performed to analyse the associations of the CAF 
score with the TDS, BRAF-RAS score, enrichment scores 
of immune cell types and expression value of immune 
microenvironment markers. Furthermore, the CAF score 
was tested for overall survival (OS) analyses in thyroid 
cancer patients using the GSE76039 cohort.3 The Kaplan- 
Meier method was used to construct OS curves, and the 
univariate survival difference was determined by the Log 
rank test. A p value <0.05 was considered significant. Data 
preparation and statistical analyses were performed using 
the SPSS for Windows (version 22.0; IBM Corp., 
Armonk, NY), the R software (version 3.5.1; 
R Foundation for Statistical Computing, Vienna, Austria) 
and the GraphPad Prism (version 6.01; GraphPad Software 
Inc., La Jolla, Calif).

Results
CAFs Enriched in DDTC
We initially analyze the mRNA-based CAF signatures 
from Wu, Nurmik and Calon in the five DDTCs, five 
PTCs and five NTs from dedifferentiated patients at 
FUSCC. A consistent increase of the three CAF signature 
scores was found in DDTC compared with PTC and NT 
though statistical significance was observed in the Wu and 
Nurmik CAF signatures but not in the Calon signature 
(Figure 1A–C and Figure-S1A-1C). To validate alteration 
of CAF presence in the process of thyroid cancer dediffer-
entiation, we further detected the common marker of CAF, 
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Figure 1 Cancer-associated fibroblasts (CAFs) enriched in dedifferentiated papillary thyroid cancer (PTC) cases in the Fudan University Shanghai Cancer Center (FUSCC) 
cohort. (A–C) Heatmaps of expression of the Wu (A), Nurmik (B) and Calon (C) CAF signature genes and the CAF scores in normal thyroid (NT) tissues, PTCs and 
dedifferentiated thyroid cancers (DDTCs) from dedifferentiated PTC cases. (D) Expression of alpha-smooth muscle actin (α-SMA) detected by immunohistochemistry in 
matched PTCs and DDTCs from 11 dedifferentiated PTC cases. *p<0.05.
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α-SMA, by IHC in eleven dedifferentiated PTC patients 
from FUSCC, and found that α-SMA significantly 
increased in stroma area of DDTC compared with the 
matched PTC stroma area (Figure 1D, p=0.02).

The CAF Score Was Significantly 
Associated with Differentiation Status 
and Poor Clinical Outcomes of Thyroid 
Cancer
The clinicopathological associations of the CAF score 
were analyzed in thyroid cancer using transcriptional pro-
files of the combined GEO cohort and the TCGA cohort to 
validate the primary findings in our cohort. In the com-
bined GEO cohort, the CAF score showed a significant 
increase in 74 DDTCs compared with 84 PTCs and 81 
NTs in all of the three signatures (Figure 2A–C). 
Moreover, we confirmed that the low-TDS PTC patients 
had remarkably higher CAF scores than the high-TDS 
PTC patients (Figure 2D–F). The CAF score was nega-
tively correlated with the TDS of PTC, and the Calon 
signature showed a higher prediction for low differentia-
tion status with the smallest number of the signature genes 
(Figure-S1D-1L).

For the DDTC patients (19 PDTC and 18 ATC 
patients) from the GSE76039 cohort, the three signatures 
consistently showed the significant correlation of the high 
CAF score with the decreased overall survival (OS) 
(Figure 2G–I), the ATC phenotype (Table 1) and lymph 
node metastasis (LNM) (Table 1). Furthermore, the CAF 
score was closely associated with aggressiveness of PTC 
such as the high-risk histological subtype, extrathyroidal 
extension (ETE), LNM and T3/T4 stage in the TCGA 
cohort (Table 2).

Correlations of CAFs with Genetic 
Mutations and Oncogenic Signaling 
Pathways in Thyroid Cancer
The genetic mutation data of the GSE76039 cohort available 
were used to investigate correlations of the CAF score with 
genomic changes in DDTC. The CAF score was significantly 
associated with BRAFV600E, TERT and TP53 mutations in the 
Calon signature (Table 1 and Figure 3A), which was also 
confirmed in the Wu signature or the Nurmik signature 
(Table 1, Figure-S2A and Figure-S3A). For PTC patients 
from the TCGA cohort, the Calon signature score showed 
positive correlations with BRAFV600E and TERT mutations, 

and exhibited a negative correlation with RAS mutation (Table 
2 and Figure 3B), whereas no significant association was 
observed between the CAF score and EIF1AX mutation, 
ETV6_NTRK3 fusion, CCDC6_RET fusion and 
PAX8_PPARG fusion (Table 2). As shown in Table 2, Figure- 
S2B and Figure-S3B, the CAF score revealed a positive cor-
relation with BRAFV600E mutation and a negative correlation 
with RAS mutation for both the Wu signature and the Nurmik 
signature as well. Additionally, the CAF score was confirmed 
to be remarkably associated with the BRAF-RAS score and 
the TDS score (Figure 3B, Figure-S2B and Figure-S3B).

We next performed GSEA using RNA-sequencing data 
of DDTC cases from the GEO cohort and PTC cases from 
the TCGA cohort to identify oncogenic signaling path-
ways associated with CAF. The high score of the CAF 
signature was used as the phenotype label. Among all the 
predefined Hallmark KEGG pathways, there were 29 sig-
naling pathways enriched in the DDTC patients with 
a high-CAF score from the GEO cohort (Figure 3C and 
Table-S5) and 19 signaling pathways enriched in PTC 
patients with a high-CAF score from the TCGA cohort 
(Figure 3D and Table-S6). The three signatures shared 
a high rate of overlapped signaling pathways, and the 
number of enriching signaling pathways was higher in 
DDTC than in PTC. The further overlapped analyses 
revealed that CAFs enriched a total of 17 signaling path-
ways (Figure 3E), including a series of pathways mediat-
ing malignant transformation, such as epithelial 
mesenchymal transition, TNF-α signaling via NF-κB, 
IL6/JAK/STAT3 signaling pathway, IL2/STAT5 signaling 
pathway, apoptosis and TP53 signaling pathway in both 
DDTC and PTC patients (Figure 3F and Table-S7).

Immune Implications of CAFs in Thyroid 
Cancer
To evaluate the associations of CAFs with immune cell 
types in TME of thyroid cancer, we performed linear 
correlation analyses between CAF scores and enrichment 
scores of immune cell types. In both DDTC and PTC, the 
CAF score showed a positive correlation with the immune 
score and the enrichment scores of dendritic cells (DC), 
macrophages and monocytes (Figure 4A and B). The CAF 
score was negatively correlated with the enrichment score 
of CD4+ Tcm and positively correlated with the enrich-
ment score of neutrophils in DDTC (Figure 4A) while 
class-switched memory B cells and NKT cells enriched 
in PTC with a high-CAF score (Figure 4B). In the further 
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Figure 2 Validation of correlations of the CAF score with differentiation status and overall survival (OS). (A–C) Analyses of the CAF scores of the Wu (A), Nurmik (B) and 
Calon (C) CAF signatures in poorly differentiated thyroid cancer (PDTC)/anaplastic thyroid cancer (ATC) compared with normal thyroid (NT) tissues and papillary thyroid 
cancer (PTC). (D–F) Analyses of the CAF scores of the Wu (D), Nurmik (E) and Calon (F) CAF signatures in patients with low thyroid differentiation score (TDS) 
compared with high-TDS patients in PTC. (G–I) The correlation of OS outcomes with the CAF scores of the Wu (G), Nurmik (E) and Calon (F) CAF signatures in PDTC/ 
ATC patients from the GSE76039 cohort. **p<0.01, ***p<0.001.
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Table 1 Clinicopathological and Molecular Correlations of the CAF Score in DDTC Patients from the GSE76039 Cohort

Variables N Wu CAF Score p value Nurmik CAF Score p value Calon CAF Score p value

Low-Risk High-Risk Low-Risk High-Risk Low-Risk High-Risk

Age (years) 

Mean±SD

37 64.16 

±15.39

66.94 

±12.04

0.545 65.42 

±14.71

65.61 

±13.06

0.967 64.00 

±14.94

67.11 

±12.58

0.499

Gender 1.000 0.242 1.000

Male 3 2 (66.7%) 1 (33.3%) 1 (33.3%) 2 (66.7%) 2 (66.7%) 1 (33.3%)
Female 12 7 (58.3%) 5 (41.7%) 9 (75.0%) 3 (25.0%) 8 (66.7%) 4 (33.3%)

Histology 0.009 0.049 0.009
PDTC 19 14 (73.7%) 5 (26.3%) 13 (68.4%) 6 (31.6%) 14 (73.7%) 5 (26.3%)

ATC 18 5 (27.8%) 13 (72.2%) 6 (33.3%) 12 (66.7%) 5 (27.8%) 13 (72.2%)

T Stage 0.192 1.000 1.000

T1-T2 2 2 (100.0%) 0 (0.0%) 1 (50.0%) 1 (50.0%) 1 (50.0%) 1 (50.0%)

T3-T4 27 11 (40.7%) 16 (59.3%) 13 (48.1%) 14 (51.9%) 11 (40.7%) 16 (59.3%)

LNM 0.007 0.046 0.007
N0 10 8 (80.0%) 2 (20.0%) 8 (80.0%) 2 (20.0%) 8 (80.0%) 2 (20.0%)
N1 17 4 (23.5%) 13 (76.5%) 6 (35.3%) 11 (64.7%) 4 (23.5%) 13 (76.5%)

Distant 
metastasis

0.660 1.000 0.640

M0 6 4 (66.7%) 2 (33.3%) 4 (66.7%) 2 (33.3%) 4 (66.7%) 2 (33.3%)
M1 17 9 (52.9%) 8 (47.1%) 10 (58.8%) 7 (41.2%) 8 (47.1%) 9 (52.9%)

Mutation count 35 6.59±4.82 9.11±8.96 0.311 9.71±8.94 6.17±4.89 0.152 8.00±8.23 7.78±6.46 0.930
BRAF V600E 0.091 <0.001 0.002

Mutation 13 4 (30.8%) 9 (69.2%) 1 (7.7%) 12 (92.3%) 2 (6.7%) 11 (84.6%)

Wild-type 24 15 (62.5%) 9 (37.5%) 18 (75.0%) 6 (25.0%) 17 (70.8%) 7 (29.2%)

RAS 0.295 0.013 0.295

Mutation 12 8 (66.7%) 4 (33.3%) 10 (83.3%) 2 (16.7%) 8 (66.7%) 4 (33.3%)
Wild-type 25 11 (44.0%) 14 (56.0%) 9 (36.0%) 16 (64.0%) 11 (44.0%) 14 (56.0%)

EIF1AX 1.000 0.046 0.340
Mutation 5 3 (60.0%) 2 (40.0%) 5 (100.0%) 0 (0.0%) 4 (80.0%) 1 (20.0%)

Wild-type 32 16 (50.0%) 16 (50.0%) 14 (43.8%) 18 (56.3%) 15 (46.9%) 17 (53.1%)

TERT promoter 0.515 0.049 0.049
Mutation 20 9 (45.0%) 11 (55.0%) 7 (35.0%) 13 (65.0%) 7 (35.0%) 13 (65.0%)

Wild-type 17 10 (58.8%) 7 (41.2%) 12 (70.6%) 5 (29.4%) 12 (70.6%) 5 (29.4%)

TP53 0.049 0.515 0.049
Mutation 16 5 (31.3%) 11 (68.8%) 7 (43.8%) 9 (56.3%) 5 (31.3%) 11 (68.8%)
Wild-type 21 14 (66.7%) 7 (33.3%) 12 (57.1%) 9 (42.9%) 14 (66.7%) 7 (33.3%)

PI3KCA/AKT/ 
mTOR

0.062 0.269 0.062

Mutation 9 2 (22.2%) 7 (77.8%) 3 (33.3%) 6 (66.7%) 2 (22.2%) 7 (77.8%)

Wild-type 28 17 (60.7%) 11 (39.3%) 16 (57.1%) 12 (42.9%) 17 (60.7%) 11 (39.3%)

Note: Italic and bold type indicates statistical significance. 
Abbreviations: CAF, cancer-associated fibroblast; SD, standard deviation; NA, not available; PDTC, poorly differentiated thyroid cancer; ATC, anaplastic thyroid cancer; 
LNM, lymph node metastasis.
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Table 2 Clinicopathological and Molecular Correlations of the CAF Score in PTC Patients from the TCGA Cohort

Variables N Wu CAF Score p value Nurmik CAF Score p value Calon CAF Score p value

Low-Risk 
Score

High-Risk 
Score

Low-Risk 
Score

High-Risk 
Score

Low-Risk 
Score

High-Risk 
Score

Age (years) 0.375 0.163 0.526
< 55 336 163 (48.5%) 173 (51.5%) 175 

(45.5%)

161 (47.9%) 171 

(50.9%)

165 (49.1%)

≥ 55 165 87 (52.7%) 78 (47.3%) 75 (45.5%) 90 (54.5%) 79 (47.9%) 86 (52.1%)

Gender 0.783 0.037 0.783

Male 135 66 (48.9%) 69 (51.1%) 57 (42.2%) 78 (57.8%) 66 (48.9%) 69 (51.1%)
Female 366 184 (50.3%) 182 (49.7%) 193 

(52.7%)

173 (47.3%) 184 

(50.3%)

182 (49.7%)

Multifocality 0.801 0.215 0.955

Unifocal 265 132 (49.8%) 133 (50.2%) 138 

(52.1%)

127 (47.9%) 132 

(49.8%)

133 (50.2%)

Multifocal 226 110 (48.7%) 116 (51.3%) 105 

(46.5%)

121 (53.5%) 112 

(49.6%)

114 (50.4%)

Coexistent 

HT

0.861 0.528 0.581

Yes 65 34 (52.3%) 31 (47.7%) 35 (53.8%) 30 (46.2%) 31 (47.7%) 34 (52.3%)
No 397 203 (51.1%) 194 (48.9%) 197 

(49.6%)

200 (50.4%) 204 

(51.4%)

193 (48.6%)

Histological 

subtype

<0.001 <0.001 <0.001

Low risk 459 242 (52.7%) 217 (47.3%) 244 
(53.2%)

215 (46.8%) 244 
(53.2%)

215 (46.8%)

High risk 42 8 (19.0%) 34 (81.0%) 6 (14.3%) 36 (85.7%) 6 (14.3%) 36 (85.7%)

T Stage <0.001 0.001 0.001
T1-T2 308 176 (57.1%) 132 (42.9%) 172 

(55.8%)
136 (54.8%) 172 

(55.8%)
136 (44.2%)

T3-T4 190 74 (38.9%) 116 (61.1%) 78 (41.1%) 112 (58.9%) 78 (41.1%) 112 (58.9%)

ETE <0.001 <0.001 <0.001
Yes 152 48 (31.6%) 104 (68.4%) 52 (34.2%) 100 (65.8%) 49 (32.2%) 103 (67.8%)

No 331 190 (57.4%) 141 (42.6%) 189 
(57.1%)

142 (42.9%) 191 
(57.7%)

140 (42.3%)

LNM <0.001 0.004 <0.001
N0 227 130 (57.3%) 97 (42.7%) 126 

(55.5%)

101 (44.5%) 129 

(56.8%)

98 (43.2%)

N1 224 88 (39.3%) 136 (60.7%) 94 (42.0%) 130 (58.0%) 87 (38.8%) 137 (61.2%)

Distant 

metastasis

0.738 0.183 0.189

M0 279 119 (42.7%) 160 (57.3%) 119 

(42.7%)

160 (57.3%) 121 

(43.4%)

158 (56.6%)

M1 9 3 (33.3%) 6 (66.7%) 6 (66.7%) 3 (33.3%) 6 (66.7%) 3 (33.3%)

BRAF V600E <0.001 <0.001 <0.001
Mutation 239 82 (34.3%) 157 (65.7%) 89 (37.2%) 150 (62.8%) 82 (34.3%) 157 (65.7%)
Wild-type 254 166 (65.4%) 88 (34.6%) 159 

(62.6%)

95 (37.4%) 166 

(65.4%)

88 (34.6%)

(Continued)
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analyses, the CAF score was found to display significant 
associations with the key immune microenvironment mar-
kers. The patients with a high CAF score showed signifi-
cantly increased expression of immune checkpoint 
markers including CD274, PDCD1LG2, CD86, CD80 
and CTLA4 and activated tumor-associated macrophage 
markers including EMR1, CSF1R, CD163 and ITGM in 
DDTC and PTC (Figure 4C and D, Figure-S2C-2D and 
Supplementary Figure-S3C-3D).

Discussion
In the past decade, a number of studies have focused on 
CAF, and we get more deep insight into functional roles and 
molecular mechanism of CAF in the process of tumor 
progression.9 Targeting CAF is being explored as a novel 
therapeutic approach to improve cancer therapies. This study 
investigated alterations of CAFs in malignant transformation 
of PTC into DDTC, and further analyzed clinicopathological 
characteristics, genetic mutations, oncogenic signaling 

Table 2 (Continued). 

Variables N Wu CAF Score p value Nurmik CAF Score p value Calon CAF Score p value

Low-Risk 
Score

High-Risk 
Score

Low-Risk 
Score

High-Risk 
Score

Low-Risk 
Score

High-Risk 
Score

TERT 
promoter

0.098 0.135 0.026

Mutation 36 14 (38.9%) 22 (61.1%) 14 (38.9%) 22 (61.1%) 12 (33.3%) 24 (66.7%)
Wild-type 360 192 (53.3%) 168 (46.7%) 187 

(51.9%)

173 (48.1%) 190 

(52.8%)

170 (47.2%)

TERT exon 1.000 0.246 0.246

Mutation 2 1 (50.0%) 1 (50.0%) 0 (0.0%) 2 (100.0%) 0 (0.0%) 2 (100.0%)

Wild-type 491 247 (50.3%) 244 (49.7%) 248 
(50.5%)

243 (49.5%) 248 
(50.5%)

243 (49.5%)

RAS <0.001 <0.001 <0.001
Mutation 51 45 (88.2%) 6 (11.8%) 42 (82.4%) 9 (17.6%) 45 (88.2%) 6 (11.8%)

Wild-type 442 203 (45.9%) 239 (54.1%) 206 
(46.6%)

236 (53.4%) 203 
(45.9%)

239 (54.1%)

EIF1AX 0.216 0.216 0.686
Mutation 6 5 (83.3%) 1 (16.7%) 5 (83.3%) 1 (16.7%) 4 (66.7%) 2 (33.3%)

Wild-type 487 243 (49.9%) 244 (50.1%) 243 

(49.9%)

244 (50.1%) 244 

(50.1%)

243 (49.9%)

ETV6_NTRK3 0.372 0.214 1.000

Fusion 5 4 (80.0%) 1 (20.0%) 1 (20.0%) 4 (80.0%) 3 (60.0%) 2 (40.0%)
Wild-type 488 244 (50.0%) 244 (50.0%) 247 

(50.6%)

241 (49.4%) 245 

(50.2%)

243 (49.8%)

CCDC6_RET 0.112 0.253 0.112

Fusion 21 7 (33.3%) 14 (66.7%) 8 (38.1%) 13 (61.9%) 7 (33.3%) 14 (66.7%)

Wild-type 472 241 (51.1%) 231 (48.9%) 240 
(50.8%)

232 (49.2%) 241 
(51.1%)

231 (48.9%)

PAX8_PPARG 0.060 1.000 0.124
Fusion 4 0 (0.0%) 4 (100.0%) 2 (50.0%) 2 (50.0%) 4 (100.0%) 0 (0.0%)

Wild-type 489 248 (50.7%) 241 (49.3%) 246 

(50.3%)

243 (49.7%) 244 

(49.9%)

245 (50.1% 

0

Note: Italic and bold type indicates statistical significance. 
Abbreviations: CAF, cancer-associated fibroblast; TCGA, The Cancer Genomics Atlas; HT, Hashimoto’s thyroiditis; ETE, extrathyroidal extension; LNM, lymph node 
metastasis.
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pathways and alterations of immune microenvironment 
associated with CAF in DDTC and PTC patients.

Initially, we compared the CAF score among NTs, 
PTCs and DDTCs from the dedifferentiated PTC cases 

using three CAF gene signatures, and also analyzed α- 
SMA expression in these cases by IHC. We further com-
pared the CAF score among NTs, PTCs and DDTCs from 
the combined GEO cohort and between the low-TDS 

Figure 3 Correlations of the CAF score with genetic mutations and oncogenic signaling pathways based on the Calon CAF signature in thyroid cancer. (A) The DDTC 
patients from the GSE76039 cohort were ranked by histological subtypes, OS status, BRAFV600E mutation, TERT promoter mutation and TP53 mutation based on the CAF 
score. (B) The PTC patients from the TCGA cohort were ranked by BRAFV600E mutation, RAS mutation, TERT promoter mutation, BRAF-RAS score and thyroid 
differentiation score (TDS) based on the CAF score. (C–D) Venn diagrams showing overlapped analyses of tumor-associated signaling pathways in the high-CAF score 
patients of the three CAF signatures in DDTC patients from the combined GEO cohort (C) and PTC patients from the TCGA cohort (D). (E) Overlapped analyses of 
tumor-associated signaling pathways in (C) and (D). (F) Oncogenic signaling pathways associated with CAFs based on the Calon signature in the GEO DDTC cohort (up) 
and the TCGA PTC cohort (down). *p<0.05, **p<0.01, ***p<0.001.
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group and the high-TDS group from the TCGA cohort to 
validate the association of CAF with differentiation status 
of thyroid cancer. To our knowledge, it is the first time that 
CAFs have been verified to be positively correlated with 
dedifferentiation status of thyroid cancer.

Moreover, we analyzed the associations between the 
CAF score and clinicopathological characteristics in 

DDTC from the GSE76039 cohort and PTC from the 
TCGA cohort. As described in the previous studies,13,15 

CAFs were confirmed to show a positive correlation with 
invasive behaviors of thyroid cancer such as LNM and 
ETE as well in our study. It was also found that the CAF 
score was closely related to the high-risk histological sub-
types and tumor stage, and patients with a high CAF score 

Figure 4 Impact of CAFs on immune microenvironment. (A–B) Enrichment analyses of CAF-associated immune cell types in DDTC patients from the combined GEO 
cohort (A) and PTC patients from the TCGA cohort (B). (C) The DDTC patients were ranked by the Calon signature score, histopathological subtypes, immune 
checkpoint markers and activated tumor-associated macrophage markers. (D) The PTC patients were ranked by the Calon signature score, immune checkpoint markers and 
activated tumor-associated macrophage markers. Spearman correlation was performed to analyse the linear correlation of the CAF score with expression value of immune 
microenvironment markers. **p<0.01.
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increased the risk of decreased OS in DDTC. These results 
revealed that enriched presence of CAF was indicative of 
poor clinical outcomes in thyroid cancer.

Furthermore, we described molecular abbreviations in 
cancer cells and TME based on CAFs. It is found that 
BRAFV600E mutations significantly increase in high-CAF 
score patients while RAS mutations rise in low-CAF score 
patients in the TCGA cohort, which is consistent with the 
close relationship between the CAF score and the BRAF- 
RAS score. The positive correlations of the CAF score 
with the BRAFV600E, TP53 and TERT promoter mutations 
were obvious in DDTC, although they were not comple-
tely significant for all of the tree signatures in statistics due 
to the limited number of the GSE76039 cohort. It is well 
known that crosstalk of CAFs with tumor cells remarkably 
exerted impact on hallmarks of cancer.8,9 As described in 
our study, the high-CAF score group enriched a number of 
oncogenic signaling pathways compared with the low- 
CAF score group, suggesting that CAFs enhance aggres-
sive behaviors of thyroid cancer through directly affecting 
hallmarks of cancer cells. Recently, there are a series of 
studies indicating that CAFs contribute to tumor progres-
sion through crosstalk with the immune 
microenvironment.33–36 Our study reveals that the CAFs 
show positive correlations with immune score and high 
expression of immune checkpoint markers and activated 
tumor-associated macrophage activated markers. These 
findings implicate that CAF can indirectly influence bio-
logical behavior of thyroid cancer cell by modulating 
immune cells in stroma.

Finally, we have to mention that some limitations exist 
in this study. Because the limited number of thyroid cancer 
patients are tested for α-SMA expression and the CAF 
gene signatures in the FUSCC cohort, it is necessary to 
validate the roles of the CAF markers and the CAF sig-
natures in a large cohort of thyroid cancer patients with 
long-term follow up in our cohort. Moreover, it is not 
clarified concerning the functional roles and molecular 
mechanism of CAFs in thyroid cancer dedifferentiation 
and immune crosstalk. In the next-step study, we will 
perform experiments of thyroid cancer cells and fibroblasts 
in vivo and vitro to investigate biological roles.

In summary, our study found CAFs enriched in DDTC, 
and the CAF score was significantly associated with differen-
tiation status and poor clinical outcomes of thyroid cancer. 
A close correlation was also confirmed between the CAF score 
and tumor driver mutations, oncogenic signaling pathways 
and alterations of immune microenvironment in thyroid 

cancer. Our findings reveal CAFs are critical markers and 
mediators associated with tumor progression in thyroid cancer.
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