
Abstract. Background/Aim: Ethacridine is used as a topical
antiseptic as well as for second-trimester abortion. Recent
studies showed that ethacridine is an inhibitor of poly(ADP-
ribose) glycohydrolase (PARG) and an activator of the
transcriptional coactivator with PDZ-binding motif (TAZ).
This study examined the effects of ethacridine on thyroid
cancer cells. Materials and Methods: Thyroid cancer cell
lines (FTC133 and SW1736) and thyroid follicular epithelial
cells (Nthy-ori 3-1) were treated with ethacridine. Viability,
clonogenicity, cell-cycle distribution, and apoptosis were
evaluated. The expression of thyroid differentiation markers
(TTF-1, PAX8, and NIS) was determined by real-time PCR.
Results: Ethacridine suppressed cell growth and clonogenic
ability of thyroid cancer cells in a time- and dose-dependent
manner (p<0.001). No cell-cycle arrest was found, but
ethacridine dose-dependently induced apoptosis of thyroid
cancer cells (p<0.001). The PAX8 and NIS expressions were
significantly increased in SW1736 (3.41-fold and 1.53-fold,
respectively) and Nthy-ori 3-1 cells (2.73-fold and 4.12-fold,
respectively). Conclusion: Ethacridine elicits apoptotic cell
death in thyroid cancer cells and promotes differentiation in
a subset of thyroid follicular cells.

The incidence rate of thyroid cancer has been rising worldwide.
It has been argued that the increased incidence is likely due to
the increase in the detection of subclinical disease. However, a
recent analysis of the Surveillance, Epidemiology, and End
Results (SEER) database showed an annual 3% increase in the
overall incidence of thyroid cancer as well as an increase in the
thyroid cancer mortality rate for advanced-stage thyroid cancer,

suggesting a true increase in the occurrence of thyroid cancer
(1). Generally, the majority of differentiated thyroid cancer
carries an excellent prognosis. Nonetheless, some patients
experience locoregional recurrence and/or distant metastasis
which may compromise overall survival (2). We previously
showed that recurrence is associated with down-regulation of
most of the thyroid differentiation genes (3).

Standard therapies for thyroid cancer include surgery and
radioactive iodine therapy, while molecularly targeted agents
have been developed to prolong progression-free survival in
patients who are refractory to radioactive iodine therapy (4).
Nonetheless, adverse effects and modest efficacy of currently
available agents underline the need for the identification of
novel therapeutics. Recently, a high-throughput chemical
screen demonstrated that ethacridine, a poly(ADP-ribose)
glycohydrolase (PARG) inhibitor, may sensitize ibrutinib in
leukemia cells (5). Furthermore, ethacridine is an activator
of the transcriptional coactivator with PDZ-binding motif
(TAZ), which may direct differentiation of thyroid follicular
cells from human embryonic stem cells (6). Ethacridine
(trade name Rivanol) is widely used as a topical antiseptic
and for the second-trimester abortion (7). It has been shown
that treatment with ethacridine augmented the expression of
transcription factors thyroid transcription factor-1 (TTF-1,
encoded by the NKX2-1 gene) and paired-box gene 8
(PAX8). More importantly, ethacridine greatly amplified the
expression of the sodium-iodide symporter (NIS, encoded by
the SLC5A5 gene) in embryonic stem cells, which is critical
for efficient iodide uptake in thyroid cells (6). Therefore, this
study aimed to investigate the effects of ethacridine on
thyroid cancer cells, as well as its therapeutic potential in the
management of thyroid cancer.

Materials and Methods

Cell culture and reagents. The human follicular thyroid cancer cell
line FTC133 and the immortalized human differentiated thyrocyte
cell line Nthy-ori 3-1 were purchased from the European Collection
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of Authenticated Cell Cultures (ECACC; Salisbury, UK). The
human anaplastic thyroid cancer cell line SW1736 was obtained
from CLS Cell Lines Service GmbH (Eppelheim, Germany). Cells
were cultured in RPMI-1640 medium supplemented with 10% fetal
bovine serum (FBS; Gibco, Thermo Fisher Scientific, Waltham,
MA, USA) and L-glutamine (2 mM; Sigma-Aldrich, St. Louis, MO,
USA) at 37˚C in a humidified incubator with 5% CO2. Cell line
authenticity was confirmed by DNA short tandem repeat analysis
and maintained free of mycoplasma in our laboratory by appropriate
control measures (8). Ethacridine was purchased from Abcam,
Cambridge, UK (catalog number ab143396).

Cell viability assay. FTC133, SW1736, and Nthy-ori 3-1 cells were
seeded in 96-well plates at 1×104 cells/well and cultured for 24 h.
Subsequently, the cells were treated with increasing concentrations of
ethacridine (0, 5, and 10 μM) for 24 to 72 h. Cells treated with
vehicle (phosphate buffered saline) served as control. Cell viability
was determined using the Cell Counting Kit-8 (CCK-8; Sigma-
Aldrich), in which colorimetric readout is proportional to the number
of living cells due to the orange formazan produced by live cells. The
absorbance was measured with Varioskan Flash (Thermo Fisher
Scientific) at a wavelength of 450 nm. The IC50 values defined as the
ethacridine concentrations required for 50% inhibition of cell viability
were determined from dose-response curves (9).

Clonogenic assay. For the colony-forming assay, FTC133 or
SW1736 thyroid cancer cells were seeded into six-well plates (500
cells/well) in the presence of increasing concentrations of
ethacridine (0, 5, and 10 μM). After 10 days, colonies were stained
with 3% crystal violet. Colonies containing at least 50 individual
cells were counted under a microscope (10).

Cell cycle analysis. Cells were placed in six-well plates (4×105
cells/well), synchronized by serum starvation, and then stimulated
to enter the cell cycle by the addition of fresh full-growth medium
containing different concentrations of ethacridine (0, 5, and 10 μM)
for 24 to 48 h. Subsequently, cells were harvested and fixed with
70% ethanol at 4˚C overnight. Fixed cells were washed and
incubated with propidium iodide (PI; 5 μg/ml; Sigma-Aldrich).
DNA content was analyzed with the BD FACSCalibur flow
cytometer (BD Biosciences, San Jose, CA, USA) as previously
described (11).

Apoptosis analysis. Cell apoptosis was analyzed using the annexin
V-fluorescein isothiocyanate (FITC) apoptosis detection kit (BD
Biosciences) in accordance with the manufacturer’s protocol (12).
Briefly, cells were seeded into six-well plates (4×105 cells/well) and
grown to confluence overnight. Subsequently, cells were treated
with indicated concentrations of ethacridine (0, 5, and 10 μM) for
24 to 48 h. Cells were harvested and suspended in the binding
buffer supplied by the manufacturer. Following incubation with 
5 μl of annexin V-FITC and 5 μl of PI for 15 min at room
temperature in the dark, the stained cells were analyzed by flow
cytometry. After the acquisition of at least 10,000 events, data were
analyzed using CellQuest Pro software (BD Biosciences).

Real-time quantitative polymerase chain reaction (PCR). Following
treatment with ethacridine (10 μM) for 48 h, total cellular RNA was
extracted with TRIzol reagent (Thermo Fisher Scientific) and reverse-
transcribed using SuperScript III Reverse Transcriptase (Thermo
Fisher Scientific). Real-time quantitative PCR reactions were
performed on a 7500 Fast Real-Time PCR System (Applied
Biosystems, Foster City, CA, USA) (13). The PCR conditions were 5
min of initial denaturation at 94˚C, followed by 35 cycles of
denaturation at 94˚C for 15 s, annealing at 55˚C for 30 s, and extension
at 72˚C for 40 s, and a 2-min final extension at 72˚C. The primers used
in this study are listed in Table I. Fast SYBR Green Master Mix
(Thermo Fisher Scientific) was used to detect fluorescence. The
expressions of TTF-1, PAX8, and NIS were normalized against the
control β-actin and analyzed using the standard 2–∆∆Ct method.
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Figure 1. Effects of ethacridine on cell growth. Thyroid cancer cells (FTC133 and SW1736) and thyroid follicular epithelial cells (Nthy-ori 3-1)
were treated with ethacridine (0 to 10 μM) for 24 to 72 h. Cell viability was determined using the Cell Counting Kit-8 assay. **p<0.01, ***p<0.001
versus control.

Table I. Forward and reverse primer sequences used in real-time PCR.

TTF-1        Forward        5’-GCC GTA CCA GGA CAC CAT GAG-3’
                  Reverse        5’-CAG GTA CTT CTG TTG CTT GAA G-3’
PAX8         Forward        5’-AAG TCC AGC ATT GCG GCA CA-3’
                  Reverse        5’-GAG GGA AGT GCT TAT GGT CC-3’
NIS            Forward        5’-CCC CAG CTC AGG AAT GGA-3’
                  Reverse        5’-CGT AAT AGA GAT AGG AGA TGG 
                                       CAT AGA A-3’
β-Actin      Forward        5’-TGG CAT TGC CGA CAG GAT-3’
                  Reverse        5’-GCT CAG GAG GAG CAA TGA TCT-3’



Statistical analysis. Data were reported as the mean±standard error
of the mean from at least three independent experiments.
Comparisons between two groups were performed using the two-
tailed Welch’s t-test (14), while between three or more groups were
assessed using the analysis of variance (ANOVA) followed by
Holm-Sidak multiple comparisons. Probability values less than 0.05
were considered statistically significant.

Results
Ethacridine showed a trend to decrease the number of viable
cells in thyroid cancer cells. Firstly, we evaluated the effects
of ethacridine on cell growth in thyroid cancer and normal
thyroid epithelial cells. As shown in Figure 1, cell viability
was shown to be reduced, as detected by the Cell Counting
Kit-8 assay, in a time- and dose-dependent manner in three

cell lines we tested. At 72 h, the IC50 value of ethacridine in
Nthy-ori 3-1 cells (9.43±1.57 μM) was marginally lower
than that in FTC133 cells (11.85±1.75 μM, p=0.09),
indicating a possibility that the normal epithelial cells were
more sensitive to the inhibitory effects of ethacridine.
However, the IC50 value in SW1736 cells (8.96±0.82 μM)
was similar to that in Nthy-ori 3-1 cells (p=0.62).

Ethacridine inhibited the formation of cell colonies. We further
determined the clonogenic ability of cells following the
treatment of ethacridine. Clonogenicity is an estimate of the
reproductive viability of cancer cells (capacity of a single-cell
suspension to produce progeny). It was demonstrated that
ethacridine exhibited a strong inhibitory effect on colony
formation in thyroid cancer cells (ANOVA p<0.001 in both cell
lines; Figure 2). In fact, at a concentration of 10 μM ethacridine,
no colony was formed in FTC133 and SW1736 cells.

Ethacridine did not mediate cell cycle arrest. PARG and other
poly(ADP-ribose) polymerases regulate various mitotic
functions, including centrosome function, mitotic spindle
assembly, and checkpoints (15). Given that ethacridine is a
PARG inhibitor, we reason that the inhibitory effects of
ethacridine may result from cell cycle arrest induced by
ethacridine. We analyzed the cell cycle distribution in FTC133
and SW1736 cells, and however, there was no difference in
the cell cycle distribution following the treatment with
ethacridine (Figure 3).
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Figure 2. Effects of ethacridine on clonogenicity in thyroid cancer cells.
FTC133 and SW1736 cells were treated with ethacridine (0 to 10 μM)
for 10 days. The number of colonies was manually counted. ***p<0.001
versus control.

Figure 3. Effects of ethacridine on cell-cycle distribution in thyroid
cancer cells. FTC133 and SW1736 cells were treated with ethacridine
(0 to 10 μM) for 24 to 48 h. Cell-cycle analysis was performed using
flow cytometry.



Ethacridine induced apoptosis of thyroid cancer cells. We
hypothesize that apoptosis may account for the reduced cell
viability following ethacridine treatment in thyroid cancer
cells. The bivariate annexin V-FITC/PI analyses demonstrated
that the percentage of apoptotic cells progressively increased
following the treatment with ethacridine in both FTC133 and
SW1736 cells (ANOVA p<0.001 in both cell lines; Figure 4),
indicating that apoptotic cell death plays a role in the reduced
cell viability in thyroid cancer cells.

Ethacridine up-regulated thyroid transcription factors in
Nthy-ori 3-1 cells. A previous study demonstrated that
ethacridine may direct thyroid differentiation from human
embryonic stem cells (6). Therefore, we further examined the
expressions of TTF-1, PAX8, and NIS in the three cell lines
(FTC133, SW1736, and Nthy-ori 3-1) following ethacridine
treatment. Interestingly, a significant up-regulation of 

TTF-1, PAX8, and NIS was observed in Nthy-ori 3-1 cells
(fold change 5.04, 2.73, and 4.12 for TTF-1, PAX8, and NIS,
respectively; p-values were <0.001, 0.03, and <0.001,
respectively; Figure 5). SW1736 cells exhibited a 3.41-fold
increase in the PAX8 expression (p<0.001) and a 1.53-fold
increase in the NIS expression (p=0.026). However, there
was no significant change in thyroid transcription factors in
FTC133 cells. Taken together, the thyroid differentiation-
promoting effect of ethacridine appears limited to a subset
of normal and transformed thyroid epithelial cells.

Discussion

Radioactive iodine is the most effective therapy for patients
with residual or metastatic thyroid cancer after surgery. An
important mechanism of radioiodine refractoriness is the
reduced expression or improper localization of NIS, particularly
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Figure 4. Effects of ethacridine on apoptosis in thyroid cancer cells. FTC133 and SW1736 cells were treated with ethacridine (0 to 10 μM) for
24 to 48 h. Apoptotic cells were determined using flow cytometry. **p<0.01, ***p<0.001 versus control.

Figure 5. Effects of ethacridine on mRNA expression of TTF-1, PAX8, and NIS. Thyroid cancer cells (FTC133 and SW1736) and thyroid follicular
epithelial cells (Nthy-ori 3-1) were treated with ethacridine (10 μM) for 48 h. The mRNA expression was determined using real-time quantitative
polymerase chain reaction. *p<0.05, ***p<0.001 versus control.



in BRAF-mutant thyroid cancers (16). Iodine resensitization is
often considered the holy grail in the management of thyroid
cancer. However, the results of previous attempts with retinoids
or the PAX8-PPARγ agonist, rosiglitazone, are not promising
(17). Recently, the use of MEK or BRAF inhibitors showed a
partial response to restored radioactive iodine uptake.

Ethacridine can reduce the phosphorylation of TAZ and thus
activate TAZ and Yes-associated protein-1 (YAP1) (18). TAZ
and YAP have been found to preserve stemness properties
(proliferation and self-renewal) of stem and progenitor cells
(19). Notably, we found that ethacridine significantly up-
regulated the NIS expression in SW1736 and Nthy-ori 3-1
cells, although the phenomenon was more prominent in the
normal Nthy-ori 3-1 cells. The SW1736 cell line is derived
from anaplastic thyroid cancer and harbors BRAF V600E
mutation (20). It would be interesting to validate whether other
BRAF-mutant thyroid cancer cell lines have similar findings.

Speculatively, TAZ activation may enhance tumor growth
and drug resistance. Actin stress fiber formation and mechano-
dependent YAP/TAZ activation conferred BRAF inhibitor
resistance in melanoma cells (21). Overexpression of TAZ has
been reported in papillary thyroid cancer (22). In this regard,
we found that ethacridine induced apoptosis and suppressed
cell growth in all tested cell lines. A plausible explanation is
that ethacridine also inhibits PARG activity (23). PARG can
hydrolyze poly(ADP-ribose) to ADP-ribose and generate ATP
(24). Furthermore, PARG participates in a number of
biological processes, including DNA damage repair pathways
and chromatin dynamics (25). The dual mechanism makes
ethacridine an attractive agent for treating thyroid cancer.

In conclusion, ethacridine suppressed viability and
clonogenicity of thyroid cancer cells. It did not affect cell cycle
distribution but induced apoptosis in a dose-dependent manner.
It was also demonstrated that ethacridine up-regulated the NIS
in a subset of thyroid follicular cells. These findings highlight
the unique properties and therapeutic potential of ethacridine
in thyroid cancer. Ethacridine exerts both apoptosis-inducing
and redifferentiation effects on thyroid cancer cells, that can
promote growth inhibition and radioiodine sensitization in
patients who are not responsive to standard treatments.
Nonetheless, the redifferentiation ability was not observed in
all cell lines. The efficacy should be prudently evaluated in
preclinical animal models, and the cross-talk between TAZ
activity and the mitogen-activated protein kinase pathway
deserves further investigation.
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