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Background: Vitamin D3 is largely involved in the regulation of calcium homeostasis.
More recently, it was demonstrated that vitamin D exerts several beneficial effects against
cancer progression through several mechanisms, including the reduction of cancer cells
proliferation and migration. CXCL8 and CCL2 are two chemokines secreted by thyroid
tumor cells. In the thyroid tumor microenvironment, these chemokines exert several pro-
tumorigenic effects including the one to increase the metastatic potential. The aim of the
present study was to investigate if vitamin D could modulate both thyroid cancer cell
migration and their ability to secrete CCL2 and CXCL8.

Methods: TPC-1 (RET/PTC rearranged) and 8505C (BRAFV600e mutated) thyroid
cancer cell lines were treated with increasing concentrations of 1,25-OH-vitamin D3 (0–
1,000 nM). Cell viability was assessed by WST-1 assay, cell migration was evaluated by
transwell–migration chamber system, and CCL2 and CXCL8 levels were measured in the
cell culture supernatants by ELISA.

Results: Vitamin D did not affect cell viability but reduced, in a dose-dependent and
significant manner, thyroid cancer cell migration (ANOVAs p < 0.05 for both TPC-1 and
8505C). Vitamin D differently modulated the secretion of CCL2 and CXCL8, by significantly
inhibiting the secretion of CCL2 in both thyroid cancer cell lines and inhibiting the secretion
of CXCL8 only in TPC-1 (ANOVAs p < 0.05).

Conclusions: Vitamin D treatment of thyroid cancer cell lines reduces cell migration
independently from the inhibition of the secretion of pro-tumorigenic chemokines. Future
studies specifically designed at clarifying the pathways involved in the different inhibitory
effects of vitamin D on CCL2 and CXCL8 in thyroid cancer cells appear worthwhile.
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INTRODUCTION

Vitamin D is a fat-soluble molecule with a well-established role
in skeletal maintenance and calcium metabolism (1).

In recent years, it was shown that vitamin D incubation
exerted anti-proliferative, antiangiogenetic, anti-metastatic, pro-
differentiation, and pro-apoptotic properties on different types of
cancer cells, suggesting its potential beneficial effect against cancer
(2–7). Further support for this suggestion was the finding that
high serum vitamin D levels were associated with lower cancer
incidence (8). On the other hand, vitamin D deficiency may also
contribute to the pathogenesis of a number of tumors, being its
lower serum concentrations associated with the presence of
various types of cancer [colorectal (9), lung (10), and breast
(11)] including the thyroid ones (12, 13). Making a focus on
thyroid cancer, several preclinical studies have demonstrated a
beneficial effect of vitamin D administration also on this type of
tumor, indeed: i) in vitro, the active form of vitamin D (1,25(OH)
2D3) and one of its analogs (MART-10) inhibited thyroid cancer
cell migration and invasion (14); ii) vitamin D treatment reduced
the proliferation of thyroid cancer stem cells (15); iii) in SCID
mice transfected with human thyroid follicular carcinoma-
derived cells, supplementation of calcitriol reduced tumor size,
increased cellular differentiation, and prevented metastasization
(16); vi) in the same mouse model, treatment with 1,25(OH)2D
and its non-calcimimetic analog EB1089 resulted in a 50%
reduction in tumor weight (16). Vitamin D counteracts tumor
progression interacting with not only normal and cancer cells but
also cancer-associated stromal cells and cancer stem cells
within the tumor microenvironment by upregulating (tumor
suppressors genes, TGFb, and PDF) or downregulating
(STAT3, NF-kB, TNFa, cyclins, and oncogenes) different
factors that result in anti-inflammatory, anti-angiogenic, anti-
proliferative, pro-apoptotic, and pro-differentiating events
(17, 18).

Chemokines are soluble mediators largely secreted within the
tumor microenvironment, which crucially contribute to a more
or less aggressive clinical behavior of cancer (19–21). CXCL8 and
CCL2 are two chemokines playing important roles in driving the
progression of different types of cancer. CXCL8 is the most
studied pro-tumorigenic chemokine promoting cancer
progression, angiogenesis, and metastasis, whose role was
recently deeply investigated also in thyroid cancer (21–24).
CCL2 was discovered to be produced by several tumor cells
including thyroid cancer cells, and hence its known functions
include regulation of tumor angiogenesis, metastasization, and
immune response (24–28).

The ability of vitamin D to reduce CXCL8 expression was
demonstrated in prostate cancer cells (28), with the consequence
of a reduction of angiogenesis, one of the CXCL8 well-known
pro-tumorigenic effects. No data are available about vitamin D
potential effects on CCL2 secretion. The hypothesis that vitamin
D could affect the CXCL8 and/or CCL2 secretion was never
tested in thyroid cancer.

The aim of the present study was to investigate whether
vitamin D (1,25-OH2 D3) exerts both direct (cell viability and
migration) and indirect (modulation of the pro-tumorigenic
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chemokines and CXCL8 and/or CCL2 secretion) antitumor
effects in TPC-1 and 8505C thyroid cancer cell lines.
MATERIALS AND METHODS

Thyroid Tumor Cell Lines 8505C
and TPC-1
Human thyroid cancer cell lines, 8505C harboring the
BRAFV600E mutation and TPC-1 bearing the RET/PTC
rearrangement, were used for these experiments. These cell
lines had been previously tested and authenticated by DNA
analysis. Cancer cells were propagated in Dulbecco’s Modified
Eagle Medium (DMEM) and Roswell Park Memorial Institute
(RPMI) (Sigma, Saint Louis, MO, USA) supplemented with 10%
fetal bovine serum (Sigma, Saint Louis, MO, USA), 2 mM of L-
glutamine, and 100 U/ml of penicillin/streptomycin (Sigma,
Saint Louis, MO, USA). Cells were incubated with the chosen
stimuli in a serum-free medium.

Cell Viability and WST-1 Assay
8505C and TPC-1 were grown in a complete medium until an 80%
confluencewas reached. Cells were thendetached and seeded in 96-
well flat plates at a density of 2 × 104 cells/well. Complete medium
was supplemented with increasing concentrations of vitamin D
(1,25-OH2 D3) (0, 0.1, 1, 10, 100, and 1,000 nM). The incubation
timewas 24 h. At the end of treatment, 20 µl ofWST-1was added to
the wells; plates were then incubated for 30 min at 37°C in a 5%
CO2 atmosphere. WST-1 is a colorimetric reagent, which,
after cleavage of a tetrazolium salt, MTS, by mitochondrial
dehydrogenases, results in the production of formazan by viable
cells only. Absorbance was then measured at 450 nm by using a
multimode plate reader (Victor NIVO nt, PerkinElmer, Waltham,
MA, USA).

Migration
The cell migration assay was performed with the transwell
migration chamber system (Merck Millipore, Milan, Italy).
Briefly, 8505C and TPC-1 were cultured for 24 h with fresh
medium alone or supplemented with vitamin D (1,25-OH2 D3)
1,000 nM. After treatment, 20 × 103 cells/well were seeded in the
upper chambers of 96-well plates with polycarbonate inserts
having 0.3 cm2/well membrane area and 8-mm pore size. In each
condition, the lower chambers were filled with 150 ml of the
corresponding medium. Cells were left to migrate for 16 h at
37°C and 5% CO2. At the end of the incubation, samples were
analyzed as previously described (29). Briefly, cell inserts were
placed in May-Grünwald Stain for 3 min and then placed in
May-Grünwald Stain diluted 1:5 for the other 3 min. Cell inserts
were subsequently washed in distilled water and placed in
Giemsa solution for 5 min. Finally, cell inserts were washed
again with distilled water. Three replicates were evaluated for
each condition. Images were acquired using an Olympus BX51
microscope (Olympus, Deutschland GmbH, Hamburg,
Germany). The number of migrated cells was counted by
analyzing 12 random fields of the membranes per condition.
Data are expressed as % of mean numbers of migrated cells ± SD.
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Wound Healing Assay
For wound healing assay cells were seeded in a 6-well plate. When
cells reached nearly 90%of cell confluence, cells were incubated in a
serum-free medium overnight to avoid wound closure due to cell
proliferation. Then, a scratch wound was created in the monolayer
using a sterile 200-µl pipette tip. Cells were then treated with fresh
medium alone or supplemented with 1,000 nM of vitaminD (1,25-
OH2D3). Phase-contrast images were captured between 0 and 24 h
using an Olympus IX53 microscope (Olympus, Deutschland
GmbH, Hamburg, Germany). Data are expressed as the
percentages of the remaining gap area after 24 h relative to the
initial gap area (0 h). The area was measured using the LCmicro
software (Olympus Soft Imaging Solutions GmbH).

Modulation of CXCL8 Secretion in 8505C
and TPC-1 Cell Lines in the Presence
or Absence of Increasing Concentrations
of Vitamin D
For the CXCL8 secretion assays, 3,000 cells were seeded into 96-
well plates in a complete medium. After adherence to the plastic
surface, 8505C and TPC-1 cells were incubated for 24 h in a
serum-free medium (basal condition) with increasing
concentrations of vitamin D (1,25-OH2 D3) (0, 0.1, 1, 10, 100,
and 1,000 nM) (Sigma, Saint Louis, MO, USA). All experiments
were performed in triplicates.

Modulation of CCL2 Secretion in 8505C
and TPC-1 Cell Lines in the Presence or
Absence of Increasing Concentrations
of Vitamin D
For the CCL2 secretion assays, 30,000 cells were seeded into 96-well
plates in a complete medium. After adherence to the plastic surface,
8505C and TPC-1 cells were incubated for 24 h in a serum-free
medium (basal condition) with increasing concentrations of vitamin
D (1,25-OH2 D3) (0, 0.1, 1, 10, 100, and 1,000 nM) (Sigma, Saint
Louis, MO, USA). All experiments were performed in triplicates.

ELISA for CXCL8 and CCL2
CXCL8wasmeasured in cell supernatants of 8505CandTPC-1using
commercially available kits (R&DSystems,Minneapolis,MN,USA).
Themeanminimumdetectable concentration of CXCL8was 3.5 pg/
ml. The intra- and inter-assay coefficients of variationwere 3.4% and
6.8%, respectively. Samples were assayed in duplicates. CCL2 was
measured in cell supernatants of TPC-1 and 8505C using
commercially available kits (R&D Systems, Minneapolis, MN,
USA). The mean minimum detectable concentration of CCL2 was
31.2 pg/ml. The intra- and inter-assay coefficients of variation were
4.7% and 5.8%, respectively. Samples were assayed in duplicates.

Statistical Analysis
Statistical analysiswasperformedusing theSPSS software (SPSS, Inc.,
Evanston, IL,USA).Meangroupvalueswere comparedbyusingone-
way ANOVA for normally distributed variables. Post-hoc analysis
was performed according to Bonferroni’s correction for multiple
comparisons. Between-group comparisons were performed by
means of Student’s t-test for unpaired data. Values are reported as
Frontiers in Endocrinology | www.frontiersin.org 3
mean ± SD unless otherwise noted. A p-value <0.05 was considered
statistically significant.
RESULTS

Vitamin D Effect on Thyroid Cancer
Cell Viability
To rule out a potential cytotoxic effect of vitamin D, a cell
viability assay was performed for both TPC-1 and 8505C. As
shown in Figure 1, treatment with vitamin D at increasing
concentrations did not affect cell viability of TPC-1 (ANOVA
F = 0.417, p = 0.831) (Figure 1A) and 8505C (ANOVA F = 1.067,
p = 0.411) (Figure 1B).

Vitamin D Reduces Thyroid Cancer
Cell Migration
Results of migration assay showed that vitamin D reduced the
spontaneous TPC-1 cell migration (ANOVA F = 27.664; p < 0.001)
(Figure 2A) and also the spontaneous 8505C cell migration
(ANOVA F = 6.268; p < 0.001) (Figure 3A). Results are expressed
as % of migrated cells calculated according to the untreated samples
estimated as 100%. Results were confirmed by wound healing assay.
Vitamin D produced a significant reduction of wound closure after
24 h in TPC-1 cell (Students’ t-test; p < 0.05) (Figure 2B) and also in
8505C cell (Students’ t-test; p < 0.05) (Figure 3B).

Vitamin D Inhibits CCL2 and CXCL8
Secretion in TPC-1 Cancer Cells
CCL2 andCXCL8 concentrations were assayed in the supernatants
of TPC-1 thyroid cancer cell lines. In TPC-1 cells, the treatment
with vitamin D inhibited the CCL2 secretion (ANOVA F = 15.303;
p < 0.0001) (Figure 2C). Post-hoc analysis by Bonferroni evidenced
a significant inhibition of the CCL2 secretion starting from a
concentration of 0.1 nM of vitamin D (p < 0.05 vs. basal).
Vitamin D inhibited also the secretion of CXCL8 even if a
significant inhibition was observed only at the maximal
concentration of 1,000 nM of vitamin D (Figure 2D) (ANOVA
F = 7.4; p < 0.0001; Post-hoc p < 0.001 vs. basal).

Vitamin D Inhibits CCL2 But Not CXCL8
Secretion in 8505C Cancer Cells
CCL2 and CXCL8 concentrations were assayed in the
supernatants of 8505C thyroid cancer cell lines. In 8505C cells,
the treatment with vitamin D inhibited the CCL2 secretion
ANOVA (F = 20.9103; p < 0.0001); in contrast with TPC-1
cells, the inhibition started from concentration above 10 nM of
vitamin D (Figure 3C). However, in 8505C cells, the treatment
with vitamin D did not inhibit the CXCL8 secretion (ANOVA
F = 1.1; NS) at any of the tested concentrations (Figure 3D).
DISCUSSION

The results of the present in vitro study showed that treatment
with vitamin D is able to reduce thyroid cancer cell migration in
April 2022 | Volume 13 | Article 876397
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a dose-dependent and significant manner. Furthermore, vitamin
D differently modulates the secretion of CCL2 and CXCL8 by
thyroid cancer cell lines. In particular, the secretion of CCL2 was
inhibited by vitamin D in both TPC-1 (RET/PTC) and 8505C
(BRAFV600e) thyroid cancer cell lines. In contrast, inhibition of
the CXCL8 secretion was only observed with high doses of
vitamin D and only in TPC-1 (RET/PTC) cells.
Frontiers in Endocrinology | www.frontiersin.org 4
Thus, the here reported results allow extending the spectrum
of the antitumor effects of vitamin D to its ability to reduce the
secretion of pro-tumorigenic chemokines.

There is convincing evidence in the literature that
vitamin D is able to affect cancer progression at several
levels by affecting tumor microenvironment composition
consequently reducing cancer cell growth, inhibiting
A

B D

C

FIGURE 2 | Effects of vitamin D on TPC-1 thyroid cancer cell migration and on the secretion of CCL2 and CXCL8. (A) Vitamin D reduced the basal TPC-1 cell
migration (ANOVA F = 27.664; p < 0.001). (B) Representative images and histogram of three independent experiments of wound healing assay: after 24 h (T24h),
TPC-1 cell migration produced a wound closure of 40% (NT = not treated cells) as compared to the scratch time (T0), and the treatment of vitamin D (1,000 nM)
produced less closure of the wound after 24 h (T24h) (vitamin D 22%) as compared to the scratch time (T0). Data are expressed as the percentages of the remaining
gap area after 24 h relative to the initial gap area (0 h). (C) The treatment with vitamin D inhibited the CCL2 secretion in TPC-1 starting from a concentration of 0.1
nM of vitamin D (ANOVA F = 15.303; p < 0.0001). (D) Vitamin D inhibited the secretion of CXCL8 only at the maximal concentration of 1,000 nM of vitamin D
(ANOVA F = 7.4; p < 0.0001). *p < 0.05 vs. untreated.
A B

FIGURE 1 | Effects of vitamin D on thyroid cancer cell viability. (A) Treatment with vitamin D at increasing concentrations did not affect cell viability of TPC-1 (ANOVA
F = 0.417, p = 0.831). (B) Treatment with vitamin D at increasing concentrations did not affect cell viability of 8505C (ANOVA F = 1.067, p = 0.411) (B).
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angiogenesis, and interfering with metastatic processes
(30, 31).

Previous in vitro and in vivo results showed that the reduction
of CXCL8 and CCL2 secretion inhibits some of the pro-
tumorigenic effects mediated by both these chemokines in
thyroid cancer (32). The results of migration assay experiments
would confirm the anti-metastatic effects of vitamin D on thyroid
cancer cell lines. However, the fact that basal cell migration
occurred in a dose-dependent manner and was observed also for
concentrations of vitamin D at which no inhibitory effect on
chemokine secretion was demonstrated would support that the
anti-migration effect of vitamin D would depend upon other
mechanisms rather than by its ability to inhibit the secretion of
CCL2 and CXCL8, chemokines that are known to be crucially
involved in the metastatic process (27, 32–34).

In particular, the results indicate a more consistent inhibitory
effect of vitamin D on CCL2 secretion, which was observed in
both thyroid cell types and at several concentrations tested, as
compared to CXCL8, which was reduced only in TPC-1 and only
by using the highest concentration of vitamin D. This
observation would indicate that different pathways are involved
in the secretion of CXCL8 and CCL2 in thyroid cancer cells.

The ability of vitaminD to reduce the secretionofCCL2 inTPC-
1 and 8505C cells should not be underestimated, in view of the
several pro-tumorigenic effects exerted by CCL2 within the tumor
microenvironment and by the therapeutic benefits produced by
Frontiers in Endocrinology | www.frontiersin.org 5
strategies aimed at reducing its biological effect. Briefly, it was
demonstrated that i) CCL2 attracts macrophages in the tumor
microenvironment,whichultimately favor cancer progression (35);
ii) CCL2 is involved in the metastatic process in several cancers,
being its neutralizationwith anti-CCL2 antibodies associatedwith a
reduction of the metastatic ability (36); and iii) the blockade of
CCL2/CCR2 axis produces therapeutic effects in a mouse model of
hepatocellular carcinoma (37).

The dose–response curves obtained for testing the efficacy of
increasing concentrations of vitaminD in reducingCCL2 secretion
would indicate that the inhibitory effect is higher in TPC-1 as
compared to 8505C cells. The finding that BRAFmutated vs. RET/
PTC rearranged thyroid cells would differently respond to vitamin
D treatment is of potential interest and deserves to be discussed.

Indeed, previous in vitro studies demonstrated that the
BRAFV600E mutation is associated with a more severe
disruption of normal vitamin D signaling as compared to
cancer cells harboring other genetic abnormalities such as
RET/PTC (38).

The fact that vitamin D might be more or less effective in
producing anticancer effects according to the specific type of
cancer cell line was previously reported also for its ability to
reduce thyroid cancer cell growth (4, 18, 19). In particular, Zou
et al. reported that there are some cell lines (like TPC-1) that are
more sensitive to vitamin D as compared with others (like
8505C) that are more resistant to vitamin D treatment (38).
A

B D

C

FIGURE 3 | Effects of vitamin D on 8505C thyroid cancer cell migration and on the secretion of CCL2 and CXCL8. (A) Vitamin D reduced the spontaneous 8505C
cell migration (ANOVA F = 6.268; p < 0.001). (B) Representative images and histogram of three independent experiments of wound healing assay: after 24 h (T24h),
8505C cell migration produced a wound closure of 29% (NT not treated cells) as compared to the scratch time (T0), the treatment of vitamin D (1,000 nM) produced
less closure of the wound after 24 h (T24h) (vitamin D 15%) as compared to the scratch time (T0). Data are expressed as the percentages of the remaining gap area
after 24 h relative to the initial gap area (0 h). (C) The treatment with vitamin D inhibited the CCL2 secretion in 8505C starting from a concentration of 10 nM of
vitamin D (F = 20.9103; p < 0.0001). (D) Vitamin D did not inhibit the CXCL8 secretion (ANOVA F = 1.1; NS). *p < 0.05 vs. untreated.
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The results of the present studywould rule out the possibility that
the reduction of cell migration, induced by vitamin D, would stem
from its ability to inhibit the secretion of CXCL8 and CCL2. As a
result, it is clear that othermechanismsmust be involved. The design
of the present study does not allow drawingmechanistic conclusions
as to this aspect. Nevertheless, according to previous studies
addressing the ability of vitamin D in inhibiting cell migration of
different cancer cell types, a fewconsiderations couldbedone. Indeed,
it was previously demonstrated that vitamin D is able to
limit the epithelial-to-mesenchymal transition (EMT), by both
downregulating molecules favoring cell migration and upregulating
several inhibitory factors involved in the EMT process (39).
Furthermore, studies in breast cancer cells demonstrated that
vitamin D promotes the formation of focal adhesions by increasing
the expression and phosphorylation of focal adhesion kinase
(FAK) (40).

Furthermore, in ovarian cancer cells, vitamin D suppressed
EMT through the reduction of Slug and Snail (two transcription
factors favoring EMT) and the upregulation of E-cadherin (41).

As far as thyroid cancer is concerned,Chiang et al. demonstrated
that vitamin D was able to both upregulate E-cadherin and repress
N-cadherin expression, leading to the inhibition of cell migration.
In addition, vitamin D also inhibited MMP-9 secretion by
extracellular matrix, further reducing cancer cell migration (14).

Taking together the above-summarized evidence, it seems
clear that it is likely that more than one mechanism accounts for
Frontiers in Endocrinology | www.frontiersin.org 6
the inhibitory effect on cancer cell migration exerted by
vitamin D.

In conclusion, the results of the present study support both
direct and indirect antitumor activities of vitamin D in thyroid
cancer cells. Indeed, on the one hand, vitamin D directly reduces
thyroid cancer cell migration; on the other hand, vitamin D
reduces the secretion of chemokines with a well-established role
in driving thyroid cancer progression.

Future studies specifically addressing this issue will be
required in order to further characterize the antitumor effects
of vitamin D.
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