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Abstract 

Background: Follicular thyroid carcinoma’s (FTC) often benign course is partially due to adjuvant 
radioactive iodine (RAI) treatment. However, once the tumour has spread and fails to retain RAI, 
the therapeutic options are limited and the outcome is poor. In this subset of patients, the 
identification of novel druggable biomarkers appears invaluable. Here, we investigated the stage 
dependent expression and functional role of the C-X-C chemokine receptors type 4 and 7 
(CXCR4/7) in FTC.  
Methods: CXCR4/7 expression was examined in 44 FTC and corresponding non-neoplastic 
thyroid specimens as well as 10 FTC distant metastases and 18 follicular adenomas using tissue 
microarray technology. Expression levels were correlated with clinicopathological variables as well 
as overall and recurrence free survival. Changes regarding cell cycle activation, tumour cell 
invasiveness and mRNA expression of genes related to epithelial-mesenchymal transition (EMT) 
were investigated after treatment with recombinant human SDF1α/CXCL12 (rh-SDF1α) and 
CXCR4 antagonists AMD3100 and WZ811. 
Results: CXCR4/7 expression was associated with large tumour size, advanced UICC stage as well 
as shorter overall and recurrence free survival. CXCR4 was significantly higher expressed in distant 
metastases than in primary tumour cores. In addition, rh-SDF1α induced invasive growth, cell cycle 
activation and EMT, while CXCR4 antagonists significantly reduced FTC invasiveness in vitro.  
Conclusion: Here we provide first evidence of the biological importance of the 
CXCR4/CXCR7/CXCL12 axis in FTC. Our findings underscore the therapeutic potential of this 
chemokine receptor family in advanced FTC and offer new valuable insight into the oncogenesis of 
metastatic FTC. 
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Introduction 
Follicular thyroid carcinomas (FTC) are the 

second most common malignant tumour of the 
thyroid gland. They originate from the follicular cells 
and belong to the group of differentiated thyroid 
carcinomas (DTC). FTCs are characterised by an 
invasive growth pattern and the forming of early 

distant metastases, affecting especially lungs and 
bones1. While surgery can hold the cure in the early 
and localized stages of the disease, a large amount of 
patients already harbour distant metastases at the 
time of initial presentation2,3. For these patients, mere 
radical oncological surgery is insufficient. However, 
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due to their differentiated nature, FTC cells regularly 
take part in iodine metabolism and are therefore 
susceptible to postoperative radioactive iodine (RAI) 
treatment. This circumstance is the primary 
determinant of FTC’s often benign course apart from 
the possibility to resect the tumour completely. Even 
with distant metastases the overall survival rate 
remains at approximately 50 % over five years4. 
However, once the tumour loses this ability and 
becomes non-RAI avid, the prognosis tumbles to a 
mere 19 % overall survival over five years5,6.  

Over the last couple of years, a new appraisal of 
the RAI refractory FTC has taken hold of the 
endocrine research community. Approximately one 
third of all patients with DTC and distant metastases 
lack RAI uptake, while once RAI positive tumours can 
turn RAI refractory during the course of the disease5-7. 
However, despite increasing research efforts in this 
particular field of oncology, thus far, no adequate 
substitute for RAI treatment exists.  

Since the occurrence of distant metastases is the 
most relevant prognostic determinant of the future 
clinical outcome1,2, a more profound understanding of 
the molecular mechanics responsible for tumour cell 
dissemination appears invaluable in devising new 
treatment strategies. In this regard the CXCR4/ 
CXCR7/CXCL12-axis has raised considerable 
attention over the last years, proving an important 
cornerstone in the metastasizing process in a variety 
of malignant tumours8. C-X-C chemokine receptors 
type 4 and 7 (CXCR4, CXCR7) are G protein-coupled 
receptors, which are responsible for cell trafficking, 
tissue development and immune response. Whilst 
widely expressed during embryogenesis, CXCR4 is 
mostly absent in adult tissues under physiological 
conditions. However, during the malignant 
progression of a variety of epithelial tumours, CXCR4 
becomes markedly overexpressed9. The predominant 
ligand to CXCR4 is the stromal cell-derived factor 1 
(SDF1), also known as C-X-C motif chemokine 12 
(CXCL12), which is a potent chemoattractant for 
CXCR4-expressing cells10-12. Interestingly, CXCL12 is 
highly expressed in common metastatic sites like 
liver, lung and bone marrow. This striking aspect of 
CXCL12 expression encourages the assumption that 
CXCL12 plays a crucial role in the homing of 
disseminated tumour cells to their respective distant 
metastatic sites. Besides chemotaxis, CXCL12 also 
causes the upregulation of cellular pathways that are 
associated with transendothelial migration, epith-
elial–mesenchymal transition (EMT), proliferation 
and the inhibition of apoptosis13.  

The functional role of CXCR7 on the other hand 
is much more controversial. Whilst some studies have 
identified CXCR7 as a decoy receptor14, which does 

not activate G-protein coupled pathways, others 
consider CXCR7 a signal transducing receptor, which 
is activated through CXCL12-binding15. These 
observations have led to the idea that CXCR7 
functions as a co-receptor to CXCR4, which increases 
CXCL12-mediate G-protein signalling16. Despite these 
controversies, increasing evidence of CXCR7 
participation in tumour development, neovascular-
ization and invasion has been accumulating17-19. Its 
overexpression in different types of malignant 
tumours has been well documented and its activation 
causes tumour cell proliferation, invasion and 
neo-angiogenesis13. Despite the mounting evidence of 
the central role of the CXCR4/CXCR7/CXCL12-axis 
in the regulation of tumour cells’ invasiveness and 
colony formation, is its role in FTC yet unknown.  

The aim of our study was to investigate the 
expression of CXCR4 and CXCR7 in FTC and to 
correlate their expression patterns with clinicopatho-
logical variables as well as further stratifying their 
biological role in vitro. 

Material and Methods 
Patient selection 

Three sets of patients were included in this 
study. Firstly, all patients who underwent curative 
surgery for histologically confirmed FTC at the 
Department of Surgery (A), University Hospital 
Duesseldorf between 1992 and 2014 were evaluated 
for inclusion. Tissue specimens that offered only 
insufficient pathological reports, fragmentary clinical 
data, incomplete resection margins or not enough 
tumour material for subsequent analyses were 
excluded from this study. The clinicopathological 
data was obtained from our prospectively maintained 
clinical database. The data included age at first 
diagnosis, gender, date and type of surgery, affected 
lobe, TNM stage and overall as well as recurrence free 
survival. Overall survival was defined as time in 
months beginning from the date of surgery until 
death of any cause. Survivors lost to follow-up were 
censored at the respective time. The included tumour 
specimens were all staged according to the 8th edition 
of the UICC classification20.  

Secondly, tissue samples from 10 patients who 
underwent surgical resection of a distant metastasis of 
their FTC alone and, thirdly, 18 follicular thyroid 
adenomas were included. The same inclusion and 
exclusion criteria as stated above were applied.  

The study was executed according to Good 
Clinical Practice, the Declaration of Helsinki and local 
rules as well as regulations of the country. In addition, 
it was approved by the institutional ethics committee 
of the Medical Faculty of the Heinrich Heine 
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University, Duesseldorf (reference number: 3821). 

Tissue microarray and immunohistochemistry  
Formalin-fixed paraffin-embedded tissue samp-

les were obtained from the Institute of Pathology, 
University Hospital Duesseldorf. All tissue samples 
were newly reviewed prior to this study and the 
diagnosis of FTC histologically confirmed. FTCs were 
defined as thyroid carcinomas with follicular 
differentiation in the absence of papillary nuclear 
features, with either capsular or vascular invasion. 
The construction of the tissue microarray, 
immunohistochemistry and protein expression 
analyses were performed as described previously21,22. 
The expression levels of CXCR4 and CXCR7 were 
scored by two independent investigators (TW, CF) 
using the immunoreactivity score (IRS) reported by 
Remmele23 in a blinded manner.  

The immunohistochemistry was carried out 
using mouse monoclonal anti-CXCR4 (1:100 dilution; 
Abcam, Cambridge, UK) and rabbit polyclonal 
anti-CXCR7 (1:200 dilution; GeneTex, Irvine, CA, 
USA) as primary antibodies. Isotype control was 
performed using mouse IgG1k (MOPC-21; 1:50 
dilution; Abcam, Cambridge, UK) and rabbit 
immunoglobulin fraction (Code X0903; 1:1000 
dilution; Dako, Glostrup, Denmark). CXCR4 
expressing tonsil tissue and CXCR7 expressing 
pancreatic adenocarcinoma served as positive 
controls. The prognostic power of CXCR4 and CXCR7 
was assessed in accordance with the REporting 
recommendations for tumour MARKer prognostic 
studies (REMARK)24.  

Cell culture and reagents 
The human FTC cell line TT2609-C02 was 

obtained from the Leibniz Institute DSMZ-German 
Collection of Microorganisms and Cell Cultures 
(DSMZ no.: ACC 510). The cell line was cultivated in 
RPMI Media 1640 (Gibco Thermo Fisher, MA, USA), 
supplemented with 10 % fetal bovine serum. This FTC 
cell line was cultivated from a local tumour 
recurrence of a secondary RAI refractory FTC, thus 
proving an excellent model for our experiments25. 
Authenticity of the cell line was verified by short 
tandem repeat genetic profiling as previously 
described26. Specific CXCR4 antagonists plerixafor 
(AMD3100) and WZ811 were purchased from Selleck 
Chemicals (TX, USA), while recombinant human (rh) 
SDF1α was obtained from PeproTech (NJ, USA).  

Invasion assay  
Changes in cell invasiveness after treatment with 

different concentrations of rh-SDF1α, AMD3100, 
WZ811 were investigated using the BD Matrigel 
invasion chamber (BD Biosciences, Heidelberg, 

Germany). FTC cells TT2609-C02 were serum starved 
24 h prior to the experiment. Cells were then seeded at 
a density of 5 x 104 cells/ml in serum-free medium, 
supplemented with 0.25 % bovine serum albumin and 
increasing concentrations of SDF1α, AMD3100, 
WZ811 or vehicle control at equimolar concentrations. 
Conditioned Dulbecco's Modified Eagle Medium 
from CXCL12 expressing NIH3T3 fibroblasts was 
added to the lower chamber and served as chemo-
attractant27,28. After 24 h of incubation the non- 
invading cells were gently removed with a cotton- 
tipped swab. Invasive cells were fixated using 
methanol and stained with 4′,6-diamidin-2-phenyl-
indol (DAPI; 200 ng/ml). Invaded cells were counted 
in five visual fields of three membranes under a 
fluorescence microscope at 200x magnification (Zeiss 
Axioplan 2, Carl Zeiss, Göttingen, Germany).  

FACS cell cycle analysis 
FTC cells were incubated with increasing 

concentrations of rh-SDF1α, AMD3100, WZ811 or 
vehicle control at equimolar concentrations for 48 h. 
Cell cycle analyses were performed by propidium 
iodide (PI) staining. Cells were trypsinized and 
washed in cold PBS and resuspended in 80 % ethanol. 
After 2 hours, cells were washed in PBS and incubated 
with RNAse A (100 µg/ml) and PI (50 µg/ml) for 30 
minutes at 37 °C. The analyses were performed by 
fluorescence-activated cell sorting (FACS) using a BD 
FACSCanto™ II (BD Biosciences, San Jose, CA, USA). 

Western Blot analysis 
Cells were harvested using ice-cold RIPA buffer. 

Total protein concentrations were determined using a 
BioPhotometer® according to Bradford (Eppendorf, 
Hamburg, Germany). Protein separation was 
achieved by SDS-polyacrylamid gel electrophoresis 
and subsequent transfer onto a nitrocellulose 
membrane. Antibody-detection was performed over-
night using the following primary antibodies: mouse 
monoclonal anti-CXCR4 (1:100 dilution; Abcam, 
Cambridge, UK), rabbit polyclonal anti-CXCR7 (1:200 
dilution; GeneTex, Irvine, CA, USA). 

Immunocytochemistry  
Cells were cultivated in 6-well chamber slides 

and fixated with ice-cold methanol. After treatment 
with 0.5 % Triton the cells were blocked with 20 % AB 
serum and incubated with their respective primary 
antibody and isotype control (mouse monoclonal 
anti-CXCR4, 1:250 dilution; Abcam, Cambridge, UK; 
rabbit polyclonal anti-CXCR7, 1:500 dilution; 
GeneTex, Irvine, CA, USA; mouse IgG1k (MOPC-21); 
2 µg/ml; Abcam, Cambridge, UK; rabbit 
immunoglobulin fraction (Code X0903) 2 µg/ml; 
Dako, Glostrup, Denmark). After 45 minutes of 
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incubation, cells were washed and incubated with 
anti-mouse- or anti-rabbit-Alexa Fluor® 488 (10 
µg/ml; Thermo Fisher, MA, USA), respectively. 
Nuclear staining was carried out with DAPI (200 
ng/ml). After fixating the cells with 1 % PFA, 
visualization was achieved using a fluorescence 
microscope at 400x magnification (Zeiss Axioplan 2, 
Carl Zeiss, Göttingen, Germany).  

RT-PCR 
The RNeasy Mini Kit was used to extract total 

RNA from treated cells according to the 
manufacturer’s protocol (Qiagen, Hilden, Germany). 
Complementary DNA was subsequently synthesized 
from 2 µg of total RNA, using the qScript cDNA 
Synthesis Kit (QuantaBio, MA, USA) following the 
manufacturer’s instructions. After adjusting the 
cDNA to a final concentration of 1 ng/µl, 2 µl of 
cDNA were mixed with 10 µl PerfeCTa® FastMix® II 
(QuantaBio, MA, USA), 0.2 µl probe (100 nM; Roche, 
Mannheim, Germany) and 0.2 µl of forward and 
reverse primer (200 nM each) for quantitative 
real-time-PCR. The PCR slides were constructed as 
triplicates. The primers used are listed in 
Supplementary Table S1. We used Glyceraldehyde- 
3-phosphate dehydrogenase (GAPDH) as internal 
reference gene. PCR runs were performed on the 
DyadDisciple Chromo 4 (BioRad) with the following 
set-up: 95 °C for 2 minutes, followed by 40 cycles of 
denaturation at 95 °C for 10 seconds and annealing 
and extension at 60 °C for 30 seconds. Gene 
expression was quantified according to the 2-∆∆CT 
method29. 

Statistical analysis 
Regarding the evaluation of a possible 

association between the expression of CXCR4/7 and 
different clinicopathological markers, we employed 
the non-parametric Mann-Whitney U test. To further 
validate the data, we grouped the samples according 
to their IRS for CXCR4 and CXCR7 into high (IRS ≥ 
median) and low expression (IRS < median) and 
analysed the data using the Fisher’s exact test.  

The log-rank (Mantel Cox) test was used for 
univariate survival analyses. For multivariate 
analysis, a Cox regression analysis was performed to 
estimate hazard ratios (HR) with 95 % confidence 
intervals (CI) for all investigated variables. 
Afterwards, a search for the best statistical model was 
performed employing a stepwise variable selection 
procedure based on the Akaike Information Criterion 
(AIC). Additionally, we performed a survival 
regression tree analysis to identify subgroups of 
patients with very high-risk of death. This technique 
combines an algorithm for recursive partitioning with 

permutation tests. The resulting partitioning is 
graphically displayed as a classification tree, each 
node displaying an optimal cut-off point for the 
respective continuous co-variable.  

Cell culture experiments were performed at least 
thrice and evaluated for statistical significance using 
the nonparametric Mann-Whitney U test. 

Statistical analyses were conducted using 
GraphPad Prism (Version 6, GraphPad Software, San 
Diego, California, USA) and the Statistical Software R 
version 3.1.0 (R Development Core Team, 2014). A 
p-value < 0.05 was considered statistically significant. 

Results 
Patients and outcome  

A total of 44 patients were included in this study. 
The clinicopathological characteristics are summar-
ized in Table 1. Two tissue discs were lost during the 
staining procedure for CXCR4, while 4 discs were lost 
for CXCR7. Overall, ten of the 44 patients could not be 
included in the survival analysis due to loss of 
follow-up. The median overall survival was 47 
months (range 0-197 months) with a median 
follow-up of 62 month (range 0-197 months) based on 
the reverse Kaplan-Meier procedure. During the 
observation period 9 patients died. The last follow-up 
was conducted in December 2015.  

 

Table 1: Patient characteristics (n = 44) 

Variables No. of patients (%) 
Total 44 
Age  
Median (range); years 59 (17–85) 
Gender  
Male 19 (43) 
Female 25 (57) 
Type of surgery  
 

Hemithyroidectomy  
 with unilateral ND 

3 (7)  
1 (2) 

Subtotal thyroidectomy  
 with unilateral ND  
 with central LND 

11 (25)  
4 (9)  
1 (2) 

Total thyroidectomy  
 with central LND 
 with unilateral ND 

7 (16) 
4 (9)  
2 (5) 

 with bilateral ND 11 (25) 
Tumour stage  
T1/2  
T3/4 

24 (55)  
20 (45) 

Lymph node metastasis  
N0 
N1a/b 

41 (93)  
3 (7) 

Distant metastasis  
M0  
M1 

38 (86)  
6 (14) 

UICC stage  
UICC I/II  
UICC III/IV 

22 (50)  
22 (50) 

Abbreviations: ND: neck dissection; LND: lymph node dissection; UICC: Union 
internationale contre le cancer. 
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CXCR4 and CXCR7 expression in FTC and 
non-neoplastic thyroid tissue  

CXCR4 and CXCR7 were significantly higher 
expressed in FTC tissue specimens, when compared 
to their corresponding non-neoplastic thyroid tissue 
samples (CXCR4: p < 0.001; CXCR7: p < 0.001; Figure 
1A-C). However, while CXCR4 demonstrated a 
moderate expression in normal thyroid tissue, all 
non-neoplastic thyroid tissue samples stained 
negatively for CXCR7. Next, we compared the 
expression of the two chemokine receptors in 
adenomas of the thyroid gland and non-neoplastic 
thyroid tissue specimens as well as FTC samples, 
respectively. CXCR4 demonstrated a significant 
higher expression in adenoma tissues when compared 
to non-neoplastic thyroid tissue specimens (p < 0.001; 
Figure 1B). The expression level of CXCR4 adenoma 
tissue specimens was as high as in FTC tissue 
specimens (Figure 1B). Regarding CXCR7, the 
adenoma tissue specimens also exhibited a significant 

higher expression then their non-neoplastic 
counterparts (p = 0.0046; Figure 1C) but the 
expression level was also significantly lower than in 
the FTC tissue specimens (p = 0.0120; Figure 1C).  

Distant metastases exhibit significant higher 
expression levels of CXCR4 

Since most of our patients included in the TMA 
did not harbour distant metastases at the time of 
treatment (Table 1), we investigated the expression 
levels of the two chemokine receptors in a second set 
of patients, where only tissue samples of distant 
metastases were available. Interestingly, when 
comparing these two groups with regard to their 
CXCR4 expression, we found the disseminated 
tumour cells demonstrating a significantly higher 
expression of CXCR4 than the primary tumour cells (p 
= 0.0379; Figure 1B). This difference in expression, 
however, was not evident for CXCR7 (Figure 1C).  

 

 
Figure 1: Expression of CXCR4 and CXCR7 in FTC. (A) Representative tissue samples of FTC, distant metastasis, follicular adenoma and non-neoplastic 
thyroid tissue, immunohistochemically stained for CXCR4 and CXCR7. All samples were classified as strong expression of the given marker. The bar in the top left 
corner indicates 50 μm. (B/C) Boxplots display the expression levels of CXCR4 and CXCR7 in non-neoplastic thyroid tissue specimens, follicular adenomas as well 
as FTC and distant metastases according to the IRS. Boxplots illustrate the median IRS with the upper and lower quartile, as well as maximum and minimum of the 
given marker. Expression levels of CXCR4 and CXCR7 in the different tissue specimens were compared between groups using the Wilcoxon matched-pairs signed 
rank test and the non-parametric Mann-Whitney U test as indicated. Bars mark the respective pairs. IRS: immunoreactivity score; CXCR4/7: C-X-C chemokine 
receptor type 4/7; NT: non-neoplastic thyroid gland; FTC: follicular thyroid carcinoma; DM: distant metastases; *p<0.05; **p<0.01; ***p<0.001. 
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Table 2: Correlation between CXCR4 or CXCR7 and clinicopathological parameters in FTC 

Variables CXCR4 expression  CXCR7 expression 
 Low, n = 18 (%)  High, n = 24 (%)  p-value   Low, n = 15 (%)  High, n = 25 (%)  p-value  

Age, mean±s.d.  52.6 ± 17.3  58.9 ± 16.9 0.756  56.2 ± 18.9 55.8 ± 15.4 1 

Gender    
Male  5 (28) 13 (54)   3 (20) 12 (40)  
Female  13 (72) 11(46) 0.120 12 (80) 13 (60) 0.101 
Tumour stage    
T1/2  14 (28) 9 (38)   12 (20) 10 (40)  
T3/4  4 (72) 15 (62) 0.013  3 (80) 15 (60) 0.022 
Lymph node metastasis    
N0  17 (94) 22 (92)   14 (93) 23 (92)  
N1a/b  1 (6) 2 (8) 1  1 (7) 2 (8) 1 
Distant metastasis   
M0  16 (89) 20 (83)   13 (87) 21 (84)  
M1  2 (11) 4 (17) 0.685  2 (3) 4 (16) 1 
UICC stage    
UICC I/II  13 (72) 8 (33)   11 (73) 9 (36)  
UICC III/IV  5 (28) 16 (67) 0.0278  4 (27) 16 (64) 0.0484 
Invasiveness   
minimally 11 (61) 9 (38)   10 (67) 10 (40)  
widely 7 (39) 15 (62) 0.212 5 (33) 15 (60) 0.191 
 Low, n 10 = (%) High, n = 15 (%) p- value  Low, n = 8 (%) High, n = 16 (%) p-value 
Relapse   
No relapse 9 7   8 8  
Relapse 1 8 0.0405  0 8 0.022 
Abbreviations: FTC: follicular thyroid carcinoma; CXCR4/7: C-X-C chemokine receptor type 4/7; UICC = Union internationale contre le cancer. 

 
 

CXCR4 and CXCR7 expression correlates 
with advanced tumour stage 

To investigate a potential association between 
the two chemokine receptors and different 
clinicopathological parameters, we compared the IRS 
across groups for each clinicopathological variable. 
CXCR4 and CXCR7 demonstrated a strong 
association with larger tumour sizes, exhibiting 
significantly higher expression in T3/4 tumours than 
compared to T1/2 tumours (CXCR4: p = 0.0361; 
CXCR7: p = 0.0015; Figure 2A/B). Similarly, CXCR4 
and CXCR7 were significantly higher expressed in the 
advanced UICC III/IV tumour stages (CXCR4: p = 
0.0288; CXCR7: p = 0.0071; Figure 2A/B). These 
observations were further verified by categorising the 
data with regard to their respective chemokine 
receptor expression into high (≥ median) and low (< 
median) and comparing the groups with the Fisher’s 
exact test (Table 2).  

CXCR4 and CXCR7 expression are negative 
prognostic markers in FTC  

In the univariate survival analysis, a high CXCR4 
expression was associated with a significantly worse 
prognosis (HR: 5.846; 95 % CI: 1.442 – 23.69; p = 
0.0134; Figure 2C, Table 3A) and significantly shorter 
recurrence free survival (HR: 4.146; 95 % CI: 1.005 – 
17.10; p = 0.0492; Figure 2E). Similarly, patients with a 
high CXCR7 expression had a significantly higher 

chance of death (HR: 4.553; 95 % CI: 1.124 – 18.44; p = 
0.0337; Figure 2D; Table 3A) and a significantly higher 
risk of recurrence (HR: 5.218; CI 95 %: 1.106 – 24.63; p 
= 0.0369; Figure 2F). In addition, patients with widely 
invasive FTC had a significantly shorter overall survi-
val, than patients with minimally invasive FTC (HR: 
5.164; 95 % CI: 1.397 – 19.09; p = 0.0142; Table 3A). 

 
 

Table 3: Overall survival analysis 

A: Univariate survival analysis 
Variables HR CI (lower-upper 95 %) p-value 
Age at first diagnosis 1.814 0.487 - 6.765 0.375 
Sex 0.485 0.131 - 1.808 0.281 
Invasiveness 5.164 1.397 - 19.09 0.0142 
UICC I/II vs. UICC III/IV 2.503 0.670 - 9.358 0.173 
CXCR4 expression  5.846 1.442 - 23.69 0.0134 
CXCR7 expression  4.553 1.124 - 18.44 0.0337 
B: Multivariate survival analysis; AIC = 58 
Variables HR CI (lower-upper 95 %) p-value 
Age at first diagnosis 1.066 1.016 - 1.120 0.0098 
Sex 1.236 0.292 - 5.241 0.774 
Invasiveness 9.173 1.055 - 79.760 0.0446 
UICC I/II vs. UICC III/IV 0.267 0.023 - 3.084 0.290 
CXCR4 expression  1.183 0.912 - 1.535 0.204 
CXCR7 expression  1.133 0.901 - 1.424 0.286 
C: Multivariate survival analysis after stepwise variable selection; AIC = 51 
Variables HR CI (lower-upper 95 %) p-value 
Invasiveness 6.117 1.008 - 1.106 0.0206 
CXCR4 expression 1.280 0.9942 - 1.649 0.055 
Abbreviations: CI: confidence interval; HR: hazard ratio; CXCR4/7: C-X-C 
chemokine receptor type 4/7. 
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Figure 2: Association between CXCR4/7 expression and clinicopathological variables as well as overall and recurrence free survival. (A, B) 
Boxplots display the median IRS with the upper and lower quartile, as well as maximum and minimum for CXCR4 and CXCR7 in the primary tumour core grouped 
according to tumour size and UICC stage. CXCR4/7 expression levels were compared across groups employing the non-parametric Mann-Whitney U test. (C-F) For 
the overall and recurrence free survival analysis, patients were grouped according to their CXCR4/7 expression in their primary tumour cores into high ≥median and 
low <median and groups were compared using the log-rank (Mantel Cox) test. (G) The survival regression tree analysis displays subgroups of patients with very high 
risk of death. Each junction represents a decision point with an optimal cut-off value for the respective variable and the numbers under the vertical lines represent 
hazard ratios. IRS: immunoreactivity score; CXCR4/7: C-X-C chemokine receptor type 4/7; UICC: Union internationale contre le cancer; *p<0.05; **p<0.01). 

 
In the multivariate analysis including all 

variables only the invasiveness of the tumour (HR: 
9.173; 95 % CI: 1.055 - 79.760; p = 0.0446) and an 
advanced age at the time of first diagnosis (HR: 1.066; 
95 % CI: 1.016 - 1.120; p = 0.0098) proved to be 
independent negative prognostic markers in our 
cohort of patients (Table 3B). The subsequent variable 
selection procedure based on the AIC reconfirmed 
invasiveness as the primary determinant of overall 
survival (HR: 6.117; 95 % CI: 1.008 - 1.106; p = 0.0206; 

Table 3C). Interestingly however, in this search for the 
best model, CXCR4 expression almost reached 
statistical significance as an independent negative 
prognostic marker in FTC (HR: 1.280; 95 % CI: 0.9942 - 
1.649; p = 0.055; Table 3C). Of note, the AIC decreased 
during this stepwise variable selection procedure by 7 
units, indicating a better goodness of fit of the 
selection model and its higher relevance in our set of 
data30. Due to the similarity in events between T and 
UICC stage it was not possible to compute a 
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multivariate analysis with both variables included. 
Here we decided on UICC stage because of its broader 
representation of the tumours biology, i.e. including 
N and M stage. Similarly, for recurrence free survival, 
due to the small number of events, the computation of 
a multivariate analysis was not feasible.  

In addition, the survival regression tree analysis 
identified the constellation of a high CXCR4 IRS in the 
primary tumour (IRS >7) together with an advanced 
age at the time of first diagnosis (Age >66y) as the 
most unfavourable combination, with a 2.778 times 
higher likelihood of death (Figure 2G). The regression 
tree analysis also offers a hierarchical structure, 
indicating CXCR4 as the more dominant of the two 
markers. 

Rh-SDF1α stimulates invasive growth in FTC 
cell line 

Human FTC cell line TT2609-C02 expresses both 
chemokine receptors CXCR4 and CXCR7. Both 
receptors could be detected in immunocytochemistry 
and western blot analyses (Figure 3A/B). To 
investigate their functional implications in FTC, we 
incubated FTC cell line TT2609-C02 with increasing 
concentrations of chemokine receptor agonist 
rh-SDF1α and quantified changes in invasiveness. The 
treatment with rh-SDF1α caused a significant increase 
in the number of invading cells (10 nM rh-SDF1α: p = 
0.0252; 100 nM rh-SDF1α: p = 0.0047; Figure 4A/B). 
Notably, the cells responded in a dose-dependent 
manner, with 100 nM rh-SDF1α causing significantly 
more cells to invade into the Matrigel than cells 
incubated with 10 nM rh-SDF1α (p = 0.0092; Figure 
4B). 

To further investigate the receptors’ respective 
roles for invasiveness, we treated the cells with 
different concentrations of the well-characterized 

CXCR4 antagonists AMD3100 and WZ811. Both 
compounds demonstrated a comparable faculty in 
preventing cells from invasive growth. AMD3100 
reduced the number of invading cells to 35 % of the 
control-treated cells for both 1 µM and 100 nM 
concentrations (p < 0.001; Figure 4A/B). Similarly, the 
incubation with WZ811 caused a decrease of invading 
cells by approximately 75 % (p < 0.001; Figure 4A/B). 
Notably, the co-incubation with rh-SDF1α could not 
overcome the inhibitory effect of the respective 
CXCR4-antagonist and resulted in the same number 
of invading cells co-incubated with vehicle-control 
(data not shown).  

Rh-SDF1α causes cell cycle activation and EMT  
Treatment of TT2609-C02 with rh-SDF1α 

resulted in significant changes in the respective cell 
cycle phases. The incubation with rh-SDF1α caused a 
significant decrease in cells in the G1 phase, whilst at 
higher concentrations of rh-SDF1α significantly more 
cells entered the S and G2/M phase (Figure 4C). 

To investigate a possible association between 
rh-SDF1α treatment and the induction of EMT, we 
next evaluated changes in RNA expression of genes 
known to be involved in tumour cell invasion and 
EMT. Using qRT-PCR, we quantified changes in gene 
expression of bone marrow stromal cell antigen 2 
(BST2), fibroblast growth factor 9 (FGF9), Twist 
homolog 1 (TWIST1), Snail family transcriptional 
repressor 1 (SNAI1) as well as E-cadherin and 
Vimentin. The incubation with rh-SDF1α caused a 
significant increase in the expression of BST2, FGF9, 
TWIST1, SNAI1 and Vimentin (p < 0.01), whilst the 
expression of E-cadherin was markedly reduced (p < 
0.001; Figure 4D). 

 

 
Figure 3: Expression levels of CXCR4 and CXCR7 in FTC cell line TT2609-C02. (A) FTC cell line TT2609-C02 exhibits both chemokine receptors 
CXCR4 and CXCR7. Immunocytochemical staining of CXCR4 and CXCR7 was conducted by using Alexa Fluor® 488 as secondary antibody and DAPI for 
visualization of the nucleus. Compositions of both images are illustrated as overlays. Isotype controls were used to confirm antibody specificity (Control). Images 
were captured using a fluorescence microscope at 400x magnification. Bar at the top left corner indicates 50 µm. (B) FTC cell line TT2609-C02 demonstrates a 
strong protein expression of both chemokine receptors as displayed in the western blot analysis. GAPDH served as loading control. CXCR4/7: C-X-C chemokine 
receptor type 4/7; DAPI: 4′,6-diamidin-2-phenylindol; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.  
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Figure 4: Rh-SDF1α induces tumour cell invasion, cell cycle activation and EMT. (A) Pictures display representative results of the change of invading cells 
after incubation of human FTC cell line TT2609-C02 with different concentrations of CXCR4 antagonists AMD3100 and WZ811 as well as rh-SDF1α as receptor 
agonist. Cells were visualized by DAPI staining. (B) Invading cells were counted in five visual fields of at least three different membranes. Differences after treatment 
are illustrated as fold change to control. (C) FACS after PI staining revealed cell cycle changes in the respective cell populations after rh-SDF1α treatment. Cells are 
grouped according to their specific cell cycle phase. (D) After incubation with rh-SDF1α, mRNA expression changes of genes associated with EMT were investigated 
using qRT-PCR. GAPDH functioned as housekeeping gene. The 2-∆∆CT method was employed to estimate fold changes to control treated cells. Plots display the mean 
+SEM. Numerical data were analysed using the non-parametric Mann-Whitney U test. Ctrl: control; *p<0.05; **p<0.01; ***p<0.001. 

 

Discussion 
FTCs account for approximately 15 % of all 

thyroid malignancies1. Even though surgery can be 
curative at the early stages of the disease, FTCs 
invasive nature and haematogenous spread leave 
patients in dire need for adjuvant therapeutic 
strategies. Their generally favourable outcome can 
mainly be attributed to the tumour’s capacity to retain 
RAI1,2. However, once the tumour fails to adequately 
retain RAI and becomes refractory to this targeted 
therapy, no comparable second line therapy is at hand 
to markedly influence the course of the disease7.  

The chemokine receptors CXCR4 and CXCR7 
have been associated as prognostic relevant 
biomarkers with different tumour entities. Over the 
last years even an ample body of scientific data 
regarding their role in papillary thyroid carcinoma 
(PTC) has emerged31-35. As a result, the CXCR4/ 
CXCR7/CXCL12 axis has gained considerable fame as 
a cornerstone in tumour cell invasiveness, cancer cell 
homing and the forming of distant metastases13,15. 
Nonetheless, little to none is known about its role in 
FTC. Thus far, only one study performed by Zhu et al. 
investigated the expression of CXCR4/7 in 10 FTC 
and follicular thyroid adenoma tissue specimens. 
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However, besides the immunohistochemical staining 
procedure no subsequent analyses of possible 
correlations with clinicopathological variables or 
functional in vitro experiments regarding FTC were 
performed34. Therefore, to our knowledge, ours is the 
first study that examined the stage dependent 
expression of CXCR4 and CXCR7 in FTC and further 
assessed their functional implications in vitro.  

In our TMA analyses we found a significantly 
higher expression of the two chemokine receptors in 
the FTC tissue specimens when compared to their 
corresponding non-neoplastic thyroid tissue samples. 
Interestingly, already benign neoplastic lesions of the 
thyroid gland expressed significantly higher CXCR4 
and CXCR7 IRS than their healthy thyroid counter-
parts. Of note, in the study by Zhu et al. only 30 % of 
the investigated FTC tissue specimens and 20 % of 
follicular adenomas stained positive for CXCR434. 
These discrepancies to our results may be explained 
by the small sample size investigated by Zhu et al. 
and the different dilution used for immunohisto-
chemical staining. Nevertheless, our results fit 
perfectly into the accumulating literature, where in 
situ hybridization and immunohistochemistry 
analyses of different tumour tissue arrays have shown 
that the expression of both chemokine receptors is 
induced in various types of carcinomas36,37 and that it 
increases with malignancy13,15.  

Fittingly, we found a strong association between 
high CXCR4 or CXCR7 expression and advanced 
tumour size as well as UICC stage. Additionally, both 
chemokine receptors demonstrated a strong negative 
association with patients’ overall as well as recurrence 
free survival in the univariate analysis. In the 
multivariate analysis however, CXCR4 just missed 
statistical significance after the variable selection 
procedure based on the AIC. In the regression tree 
analysis on the other hand hierarchical clustering 
identified CXCR4 as the most powerful biomarker 
with the highest prognostic power in our set of 
patients. Even though the regression tree analysis is a 
solely exploratory statistical procedure, it still 
underlines the functional relevance of CXCR4 in FTC. 
These results are in line with the current literature, 
where recent studies have reported the prognostic 
relevance of CXCR4 and CXCR7 and their association 
with more advanced tumour stages in different 
tumour entities37-39. However, these findings have to 
be interpreted with care, as our sample size only 
allows limited propositions.  

Considering their importance in the forming of 
distant metastases, the significantly higher expression 
of CXCR4 and CXCR7 in distant metastases compared 
to their expression in primary FTC specimens fit 
perfectly into our expanding knowledge of the 

CXCR4/CXCR7/CXCL12 axis in carcinoma. Mechan-
istically, the homeostatic microenvironment 
chemokine CXCL12 functions as a chemo-attractant 
and cell activator40. Its binding to its respective 
receptors leads to the initiation of different cell 
signalling pathways, which in turn leads to the 
induction of EMT and the forming of an invasive 
phenotype41-43.  

In our functional in vitro experiments, we could 
demonstrate that both CXCR4 antagonizing 
compounds AMD3100 and WZ811 have a significant 
negative impact on the number of invading cells. Both 
compounds are known for their clinical potential in 
haematopoietic malignancies. While WZ811 signific-
antly reduces CD3+ T cell migration in vitro and in 
vivo, it also exercises strong anti-tumorigenic 
properties in chronic lymphocytic leukemia44,45. 
AMD3100 is mainly used in patients to facilitate the 
mobilization procedure of haematopoietic stem cells 
from the bone marrow. After bone marrow 
transplantation AMD3100 increases the number of 
circulating stem cells by inhibiting the CXCL12 
mediated homing effect of the bone marrow 
microenvironment. This feature of AMD3100 
modulated cell trafficking has been successfully 
implemented, especially in patients that failed to 
mobilize sufficiently after conventional medical 
procedures46,47. In addition, AMD3100 has been 
shown to supress tumour cell progression in small cell 
lung carcinoma cell lines48 and to encumber the 
extravasation process of metastasizing breast 
carcinoma cells49. Similar results have been reported 
on oral squamous cell carcinoma, where the 
CXCR4/CXCL12 axis was found to influence the 
formation of distant metastases17,50.  

Of note, the co-incubation of FTC cells with 
rh-SDF1α and CXCR4-specific antagonists AMD3100 
or WZ811 was not able to compensate the functional 
blockage of CXCR4. Since we could show that both 
chemokine receptors CXCR4 and CXCR7 are equally 
expressed in our cell model, this circumstance 
suggests that CXCR7 by itself is not capable of 
compensating a loss of function of CXCR4, implying 
CXCR4’s functionality as a crucial requirement for 
CXCL12 mediated invasiveness in FTC. These 
observations are in line with reports that focus on 
CXCR7 ability to form functional heterodimers with 
CXCR4, thus acting more as a regulator of CXCR4 
signalling than as an independent signal 
transducer15,51. Interestingly however, recent studies 
on PTC could demonstrate that CXCR7 by itself plays 
a crucial role regarding tumour progression, cell 
proliferation, angiogenesis and the forming of 
metastases both in vitro and in vivo32,33,52. Despite the 
fact that PTC and FTC both belong to the group of 
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DTC, they both arise from different genetic 
backgrounds and offer profound genetic variat-
ions53-55. Our findings therefore may just underscore 
one of these differences, further highlighting the 
complex interdependencies of the CXCR4/CXCR7/ 
CXCL12 axis in different entities. However, to fully 
elucidate the intricate interactions between CXCR4 
and CXCR7 further functional studies will be 
required. 

Rh-SDF1α induction of enhanced invasion was 
associated with changes in the expression of proteins 
involved in EMT. The expression level of E-cadherin 
decreased, whereas the expression of the mesenc-
hymal marker, Vimentin, increased significantly after 
rh-SDF1α treatment56. CXCR4 had been previously 
associated with the induction of EMT in oral 
squamous cell carcinoma. Duan et al. could 
demonstrate that the silencing of CXCR4 was 
associated with a suppressed EMT and reduced 
tumour metastases57. CXCR7 on the other hand has 
been implicated in the promotion of EMT in lung 
cancer43.  

In addition, the mRNA levels of EMT-associated 
transcriptional factors BST2, FGF9, SNAI1 and 
TWIST1 were markedly upregulated. BST2 was 
identified as an independent marker for metastasis in 
breast cell carcinoma58 and regulates EMT through 
activation of NF-KB59,60. FGF9 has been linked to EMT 
through its upregulation of vascular endothelial 
growth factor61 and its expression has been associated 
with a metastatic phenotype in adenocarcinomas of 
the lung62. SNAI1 and TWIST1 on the other hand 
function synergistically as specific transcriptional 
repressors for the E-cadherin promoter63,64. Taken 
together, these changes in gene expression support 
the emerging picture of the CXCR4/CXCR7/CXCL12 
axis as a key regulator of EMT.  

FTC’s largely beneficial course, even at a 
metastatic stage, is primarily based on adjuvant RAI 
treatment. However, once the tumour becomes 
refractory to RAI, tumour cell invasiveness and the 
forming of distant metastases determine the patient’s 
outcome. With only limited success of current second 
line therapies, new insight into FTC’s oncogenesis and 
invasive behaviour appears invaluable. Our results 
propose the CXCR4/CXCR7/CXCL12 axis as a 
leading functional aspect in FTC tumour cell 
invasiveness and possible therapeutic target. This 
valuable new perception should encourage future 
translational studies, to substantiate the chemokine 
receptors role in FTC tumour biology and confirm 
their worth as a part of a new multimodular 
therapeutic strategy.  
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