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Purpose: Papillary thyroid cancer (PTC) has a high incidence of BRAFV600E mutation. The purpose of this study was to 
evaluate the potential relationship between thyroiditis and BRAFV600E mutation status in patients with PTC. We investigated 
how a selective inhibitor of BRAFV600E PLX4032 affects the proliferation and inflammatory cytokine levels of thyroid cancer.
Methods: Two thyroid cancer cell lines TPC1 and 8505C were treated with PLX4032, an analysis was done on cell growth, 
cell cycle, the degree of apoptosis, and levels of inflammatory cytokines. To identify the functional links of BRAF, we used 
the STRING database.
Results: Docking results illustrated PLX4032 blocked the kinase activity by exclusively binding on the serine/threonine 
kinase domain. STRING results indicated BRAF is functionally linked to mitogen-activated protein kinase. Both cell lines 
showed a dose-dependent reduction in growth rate but had a different half maximal inhibitory concentration value for 
PLX4032. The reaction to PLX4032 was more sensitive in the 8505C cells than in the TPC1 cells. PLX4032 induced a G2/
M phase arrest in the TPC1 cells and G0/G1 in the 8505C cells. PLX4032 induced apoptosis only in the 8505C cells. With 
PLX4032, the TPC1 cells showed decreased levels of vascular endothelial growth factor, granulocyte-macrophage colony-
stimulating factor, chemokine (C-C motif) ligand 2/monocyte chemoattractant protein 1, whereas the 8505C cells showed 
significantly decreased levels of IL-8, serpin E1/plasminogen activator inhibitor-1, and matrix metalloproteinase (MMP)-3. 
Conclusion: PLX4032 was cytotoxic in both TPC1 and 8505C cells and induced apoptosis. In the 8505C cells, inflammatory 
cytokines such as IL-8 and MMP-3 were down-regulated. These findings suggest the possibility that the BRAFV600E mutation 
needs to target inflammatory signaling pathways in the treatment of thyroid cancer.
[Ann Surg Treat Res 2021;100(3):127-136]
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INTRODUCTION
Korea and other parts of the world have seen an increase 

in the incidence of thyroid carcinoma [1,2]. It is also known 
that thyroid cancer has a close link with thyroiditis [3-5]. An 
epidemiological association between Hashimoto’s thyroiditis 
and thyroid cancer has been identified. The progression of 
thyroid cancer is likely to be accelerated with concomitant 
inflammation. IL-6 and IL-8 are especially significant in 
systemic and chronic inflammatory conditions [4]. IL-6 plays a 
major role in thyroid cancer development. In papillary thyroid 
cancer (PTC) patients, the IL-6 level in cancer tissue correlates 
with the aggressiveness of the cancer [6,7]. The cytokine levels 
of IFN-alpha and IL-8 showed a strong positive step association 
in thyroid cancer patients [7]. Inflammatory status boosts 
cytokine secretion such as interleukins and TNF-alpha [7]. 
These cytokines facilitate the proliferation and metastasis 
of thyroid cancer. Due to the prognosis of thyroid cancer, 
2 cytokines, IL-6 and IL-8, are considered to be associated 
with thyroid cancer [7]. It is also recognized that the matrix 
metalloproteinase (MMP) molecule participates in cancer 
metastasis [8]. It is involved in the pathogenesis of many 
diseases because of its complex regulatory activity [8]. Some 
studies have shown that MMPs can be induced by BRAFV600E 
and a positive association between BRAFV600E and MMP-9 and 
MMP-2 expressions has also been documented, both associated 
with tumor extrathyroidal extension [8].

BRAFV600E mutation is much higher (73%–86%) in Korea 
than in Western countries (29%–69%), and is associated with 
larger tumor size, lymphovascular invasion or metastases, 
and mortality in different human cancers [1,9]. The valine-
to-glutamic acid substitution at amino acid 600 (BRAFV600E) 
strongly enhances BRAF kinase activity. The phosphorylation 
activity on ERK1/2 is 480-fold higher than the wild type BRAF 
or other BRAF mutants [10]. 

BRAFV600E mutation is also the most common genetic lesion 
in PTC, which is seen in 40% of cases [10]. The mutation 
in BRAFV600E has a strong correlation with PTC. By adding a 
negatively charged residue adjacent to the phosphorylation 
site at T598 and mimicking phosphorylation at Thr598, and 
mimicking phosphorylation at Thr598 and Ser601 residues 
with the effect of increasing ERK1/2 photography, the V600E 
mutation significantly improves BRAF kinase operation [10]. 

In the past 2 years, with the approval of new treatments, 
including pathway inhibitor drugs and a monoclonal antibody, 
the clinical landscape has been changed. Approved by the 
U.S. Food and Drug Administration in 2011, vemurafenib 
(PLX4032) is a selective kinase inhibitor for the most common 
mutant form of BRAF kinase (BRAFV600E) to prevent melanoma 
transformation and proliferation. It is also a highly selective 
inhibitor of BRAF kinase activity and has a half maximal 

inhibitory concentration (IC50) value in the nM range (60–450 
nM) against V600E-mutant BRAF [11]. 

In this study, we observed how the BRAF mutation affects 
the progression of thyroid cancer, we focused on selective 
BRAFV600E kinase inhibitor and its responses in the progression 
and cytokine levels of thyroid cancer.

METHODS

Molecular docking
The renowned software Autodock tools (ADT) 1.5.6 (Scripps 

Research Institute, La Jolla, CA, USA) was used for docking 
analysis. Protein structures for BRAF wild type (PDB: 4H58) 
and BRAFV600E (PDB: 4FK3) were used from a protein data 
bank (www.rcsb.org), and crystallized inhibitors were cleared 
from receptor molecules and energy minimized for reuse. 
The PLX4032 structure was obtained from PubChem with 
ID:42611257 and prepared for docking. For molecular docking, 
default parameters were used and generated 100 confirmations 
for robustness. We then clustered the structures based on root 
mean square deviation of the confirmations, and the largest 
group was selected as the best fit model. 

Functional analysis using STRING
The search tool for the retrieval of interacting genes/proteins 

(STRING, https://string-db.org) is a web-based tool that provides 
a critical assessment and integration of protein–protein 
interactions. In this study, STRING was applied to determine 
the functional protein partners of each BRAF member. Gene 
fusion, and coexpression were taken into consideration as 
active protein–protein interaction sources. The protein–protein 
network was constructed using both known and predicted 
interactions with no network clustering.

Cell culture
We chose 8505C mutant cell line derived from an anaplastic 

thyroid cancer; and, for BRAF, wild type TPC1 cell line was 
used, derived from a PTC with a wild type BRAF [12,13]. The 
study was approved by Institutional Review Board at Konkuk 
University Medical Center, Seoul, Korea (No. 2020-12-062). 
Unless otherwise specified, all reagents were purchased from 
Sigma (St. Louis, MO, USA). The 8505C and TPC1 cells were 
cultured in Dulbecco’s modified Eagle’s medium (DMEM) with 
10% fetal bovine serum (FBS). For the culture, 5 × 105 cells were 
cultured at 37°C in a humidified atmosphere containing 5% 
CO2. 

Assessment of cell growth following PLX4032 
treatment
For each cell line, 5 × 105 cells were seeded in DMEM with 

10% FBS. After 24 hours, the cells were washed with phosphate-

http://www.rcsb.org
https://string-db.org
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buffered saline (PBS) and cultured in fresh media. PLX4032 was 
added at 0.1, 1, 5, or 10 μM for 72 hours. The cells were then 
counted in a Neubauer chamber after a period of incubation 
with 0.4% trypan blue dye.

Cell cycle analysis 
After being treated with 10 μM of PLX4032 for 72 hours, 

the cells were harvested, fixed in 70% ethanol for 1 hour, and 
washed with PBS. The cells were then treated with 100 μg/
mL of RNase A for 1 hour at 37°C and stained with 10 μg/
mL of propidium iodide. Flow cytometry was performed in 
triplicate for each experiment with a FACS caliber system (BD 
Biosciences, San Jose, CA, USA).

Apoptosis analysis with annexin V staining
Annexin V staining was performed in accordance with the 

manufacturer’s protocol (BD PharMingen, San Diego, CA, USA). 
Trypsin-EDTA was used to obtain single-cell suspensions. 
The cells were subjected to centrifugation, washed twice with 
cold PBS, and resuspended in a binding buffer (10-mM HEPES, 
pH 7.4; 150-mM NaCl; 5-mM KCl; 1-mM MgCl2; and 1.8-mM 
CaCl2) at a concentration of 1 × 106 cells/mL. An aliquot (100 
μL) of the solution containing 1 × 105 cells was transferred to 
a 5 mL culture tube and supplemented with 5 μL of annexin 
V-fluorescein isothiocyanate (FITC) and 5 μL of propidium 
iodide. The cells were vortexed and then incubated for 15 
minutes at room temperature (25°C) in the dark. A 400-μL 
sample of 1× binding buffer was added to each tube. Finally, 
flow cytometry was performed with a FACS caliber system 
within 1 hour.

Secreted protein (growth factor, cytokine, matrix 
metalloproteinase) analysis 
A sample of 5 × 105 TPC1 cells, which were seeded in DMEM 

with 10% FBS and 10 μM of PLX4032, was added and the cells 

were incubated for a further 72 hours. The 8505C cells were 
cultured under the same conditions with 5 μM of PLX4032. 
The media were collected and centrifuged, and only the upper 
layer of the media without any cell pellets was harvested. The 
secreted protein was analyzed with the commercially available 
Human Multianalyte Profiling Assay Base Kit A (catalog No. 
LMP000, R&D Systems Inc., Minneapolis, MN, USA). The levels 
of secreted protein were measured with a Bio-Plex 200 system 
(Bio-Rad, Hercules, CA, USA).

Statistical analysis 
All data were compiled from a minimum of 3 replicate 

experiments. The data for the statistical analysis were 
expressed as the mean plus or minus the standard error. The 
results from a Student t-test of the treated cells were compared 
with those of the control cells using Excel software (Microsoft, 
Redmond, WA, USA). A P-value of less than 0.05 was considered 
statistically significant. 

RESULTS

Subsection

Binding patterns of PLX4032 on BRAF
To illustrate the differential binding effects of PLX4032 

between wild type BRAF and mutated BRAF-V600E, we 
employed the molecular docking approach. For comparative 
analysis, we have docked the PLX4032 into BRAF wild type and 
BRAFV600E using the ADT 1.5.6 docking software. Interestingly, 
observed that PLX4032 showed more promiscuity toward 
mutated BRAF than wild type. When explored further, the 
ligand deeply penetrated the hydrophobic core of the mutated 
BRAF and precisely blocked the ATP binding site (483K), which 
is important for phosphorylation activity; it is not observed in 
wild type complex. Furthermore, V600E and PLX4032 complex 

A B

BRAF + PLX4032

Fig. 1. Docking for PLX4032 in wild type BRAF and V600E mutant binding patterns of PLX4032 on BRAF. Molecular docking 
of PLX4032 with BRAF wild type and V600E. (A) The first panel illustrates PLX4032 docked into the hydrophobic core of 
wild type BRAF showing hydrogen, hydrophobic, and cation interactions. (B) The second panel indicates the best-docked 
confirmation of PLX4032 into BRAFV600E along with binding interactions representation.

Kyoung Sik Park, et al: PLX4032 and BRAFV600E mutant thyroid cancer cell lines
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possessed more hydrogen bonds (T529, C532, D594, F595, and 
G596) compared to wild type (N580, I526, and W530). PLX4032 
showed similarity in not binding to active site residue D576 
of both variants but showed efficacy toward mutated types by 
binding on the ATP binding site (Fig. 1).

BRAF functional interaction 
To identify the functional interaction of BRAF, we used 

STRING, an online biological database and web-based tool, to 

analyze known and predicted protein–protein interactions. 
Here, we tried to gain some insights at the system-level of 
the functional interactions of BRAF with other closely related 
proteins via a protein–protein interaction network. The 
database was individually queried for BRAF with Homo sapiens 
as organism, where the respective functional link was obtained 
as the output. Whereas each node in functional network 
represents all the proteins produced by a single, protein-coding 
gene locus, an edge represents protein association; however, 
does not necessarily represent a physical binding between the 
pair of genes. Rather, associated proteins jointly contribute to 
a shared function. We selected knowledge-based functional 
protein partners of BRAF based on curated databases. The top 
10 predicted proteins of BRAF (with the corresponding gene 
names) included PRKCA, MP2K2, HRAS, YWHAB, RAP1B, 
MAP2K1, NRAS, KRAS, RAP1A, and YWHAZ. These interacting 
genes are basically involved in kinase activity and activated by 
the extracellular cytokine and growth factor binding thereby 
entering the mitogen-activated protein kinase (MAPK) signal 
transduction pathway through RAS and RAF activation, 
especially MAP2K1, MP2K2 key roles in the MAPK/ERK cascade 
function—a crucial complex for major biological activities 
like cell growth, survival, and differentiation [14]. YWHAB 
and YWHAZ are the tyrosine 3-monooxygenase/tryptophan 
5-monooxygenase activation proteins and housekeeping genes 
linked with protein kinase activity; and, in phosphorylated 
form, interacts with Akt-signaling and MAPK pathway [15]. 
Altogether, all the BRAF interacting genes are activated by 
extracellular cytokine activity and shown broadly in various 
cancers (Fig. 2).
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Fig. 3. Growth rate of cells after PLX4032 treatment. TPC1 and 8505C cells cultured in Dulbecco’s modified Eagle’s medium 
containing 10% fetal bovine serum. (A) TPC1 cells were treated for 72 hours with 100 nM, 1 μM, and 10 μM of DMSO (CTL) 
or PLX4032. (B) 8505C cells were treated for 72 hours with 100 nM, 1 μM, 5 μM, and 10 μM of DMSO (CTL) or PLX4032. 
Relative cell survival rate is shown as percentage of survival vs. control cells after treatment with PLX4032. Values presented 
here are mean values and standard errors from at least 3 independent experiments. Square box indicates the IC50 value of the 
TPC1 and 8505C cells. DMSO, dimethyl sulfoxide; CTL, cytotoxic T lymphocyte; IC50, half maximal inhibitory concentration. 
*P < 0.05, **P < 0.01 vs. control. 

Fig. 2. Predicting the interaction network of BRAF using 
STRING (https://string-db.org). Interacting nodes are displayed 
in circles, obtained using STRING. Predicted functional 
partners of BRAF are shown, taking into consideration 
functional links, coexpression, colocalization, genetic 
interactions, pathway, physical interactions, predicted, and 
shared protein domains.
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PLX4032-induced inhibition of the growth of thyroid cancer 
in a dose-dependent manner 

PLX4032 is known as an anticancer drug that targets wild 
and mutant BRAF. We selected the TPC1 and 8505C cell lines so 
that we could see how PLX4032 affects thyroid cancer. Seventy-
two hours of treatment with PLX4032 inhibits the growth of 
both cell lines in a dose-dependent manner (Fig. 3). The results 
reveal different IC50 doses for PLX4032 in the 2 cell lines. The 
TPC1 cells show an IC50 value of 10 μM for PLX4032, whereas 
the 8505C cells show IC50 values of 5 μM for PLX4032. These 
IC50 doses were used in growth assays to observe the cell cycle 
and apoptosis of both cell lines.

PLX4032-induced cell cycle arrest 
Previous studies have reported that PLX4032 leads to 

different responses in melanoma and thyroid carcinoma 
cells through apoptosis and cell cycle arrest [11,16,17]. We 
investigated the cell cycle after treatment with these drugs. The 
cell cycle analysis showed that the TPC1 cells responded in a 

different manner to the 8505C cells. In the TPC1 cells, there 
was a 6% increase in the G2/M phase with 10 µM of PLX4032. 
In the 8505C cells, there was a 14% increase in the G0/G1 phase 
with 5 μM of PLX4032 (Fig. 4).

PLX4032-induced apoptosis 
We observed apoptosis through propidium iodide and 

annexin V staining to determine how the growth inhibition 
affects the top of the cell cycle arrest after treatment with 
PLX4032. The apoptotic responses to each drug were different. 
The 1-μM sample of PLX4032 induced apoptosis in 7% of the 
8505C cells; however, the same sample induced no apoptosis 
in the TPC1 cells (Fig. 5). The propidium iodide and annexin V 
staining showed that PLX4720 failed to induce any apoptosis in 
either of the cell lines (Fig. 3).

Analysis of secretory proteins after treatment with PLX4032
We investigated how PLX4032 affects the growth factors, 

cytokines, lipid metabolism factors, and MMPs. Specifically, 
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we compared the basal levels with the stimulated levels of 
these factors in the TPC1 cells and 8505C cells after treatment 
with PLX4032. Some of these factors were selected if the cell 
expression level exceeded 100 pg/mL. The TPC1 cells expressed 

high levels of IL-6 (Fig. 6A), vascular endothelial growth factor 
(VEGF) (Fig. 7A), granulocyte-macrophage colony-stimulating 
factor (GM-CSF) (Fig. 7A), serpin E1/plasminogen activator 
inhibitor 1 (PAI-1) (Fig. 8A), chemokine (C-C motif) ligand 2 
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Fig. 6. Expression of IL-6 and IL-8 after PLX4032 treatment. (A) TPC1 cells were treated for 72 hours with 10 μM of DMSO 
(CTL) or PLX4032. (B) 8505C cells were treated for 72 hours with 5 μM of DMSO (CTL) or PLX4032. Density levels of IL-6 
and IL-8 were measured with Bio-Plex 200 system (Bio-Rad, Hercules, CA, USA). DMSO, dimethyl sulfoxide; CTL, cytotoxic T 
lymphocyte. *P < 0.05, **P < 0.01 vs. control.
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(CCL2)/monocyte chemoattractant protein 1 (MCP-1) (Fig. 8A), 
and MMP-2 (Fig. 9A). In contrast, the 8505C cells expressed high 
levels of IL-8 (Fig. 6B), MMP-1 (Fig. 9B), and MMP-3 (Fig. 9B). 
The levels of these selected factors are indicative of the effects 
of PLX4032. After treatment with PLX4032, the levels of IL-8, 
VEGF, GM-CSF, CCL2/MCP-1, MMP-2, and MMP-3 were reduced 
in the TPC1 cells (Figs. 6A, 7A, 8A, and 9A); and the levels of 
IL-8, serpin E1/PAI-1, and MMP-3 were reduced in the 8505C 
cells (Figs. 6A, 7A, 8A, and 9B). The CCL2/MCP-1 level was the 
only factor that showed reduction in the 8505C cells after the 
PLX4032 treatment.

DISCUSSION
Approval of vemurafenib (PLX4032) was a milestone 

in thyroid cancer therapy which targets the altered and 
constantly activated BRAFV600E. Our results showed that a 
BRAF is functionally linked to the MAPK pathway which 
encodes genes like MMP and IL-8. A kinase in the MAPK 
pathway is genetically modified in approximately 37%–59% 
of all melanomas [7,8]. Here, most substantial differences in 
the sensitivity of wild type and mutant populations were 
detected for acute PLX4032 treatment. We compared 2 thyroid 
cancer cell lines (8505C, TPC1) that differed in their oncogene 
profile (BRAFV600E and BRAF wild type). With these results, we 

confirmed that PLX4032 significantly affects the inhibition of 
growth, the cell cycle arrest, and the downregulation of secreted 
proteins in thyroid cancer.

As PLX4032 targets BRAF mutation and effectively inhibits 
cellular growth in various cancer cells with the BRAF mutation 
[11,16,18], our results showed similar results. PLX4032 induced 
growth inhibition in thyroid cancer cell lines but had different 
effects on the cell cycle and apoptosis. PLX4032 induced a G2/
M phase arrest but showed no apoptotic effects in TPC1 cells. 
However, PLX4032 induced a G0/G1 phase arrest and apoptosis 
in 8505C cells. These results are thought to be attributed to 
the presence of the BRAF mutation, which is found only in 
the 8505C cells. These findings are very interesting, and the 
presence of a BRAF mutation might be considered the target of 
an anti-apoptotic pathway.

Several lines of evidence have recently indicated that 
inflammation and carcinogenesis may be strongly associated 
with the progression of a tumor [19,20]. An estimated 20% of 
all tumors arise from inflammatory conditions such as chronic 
infections or autoimmune diseases [20-22]. Whether the 
inflammation can influence the progression and aggressiveness 
of advanced thyroid cancer is still open to debate [3,23].

Our evaluation suggests that PLX4032 can target specific 
functions of secretory proteins related to inflammatory, 
angiogenic, and metastatic processes of advanced thyroid 
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Fig. 9. Expression of MMP-1, 2, and 3 after PLX4032 treatment. (A) TPC1 cells were treated for 72 hours with 10 μM of 
DMSO (CTL) or PLX4032 and PLX4720. (B) 8505C cells were treated for 72 hours with 5 μM of DMSO (CTL) or PLX4032. 
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carcinomas. The important secretory proteins for tumor 
progression and cell-to-cell interactions of various cancers are 
inflammatory cytokines [24]. Previous research indicating 
that resistance of dacarbazine-conditioned BRAFV600E cells to 
PLX4032 is mainly due to the re-activation of MAPK pathway by 
autocrine IL-8 cytokine stimulation [10]. 

In our experiments, PLX4032 significantly reduced IL-8 
and serpin E1/PAI-1 in the BRAF mutant cell line 8505C. 
Following exposure to BRAF inhibitors, mice with BRAF mutant 
melanoma xenografts show a significant reduction in the 
plasma concentration of IL-8 [23,25]. Advances in proteomics 
suggest that IL-8 has a diagnostic value between benign 
and malignant thyroid nodules [26]. An orthotopic model of 
anaplastic thyroid carcinoma in athymic nude mice showed an 
increase in IL-8 expression in immunohistochemical staining 
[27]. IL-8 also increases the population of cancer stem cells and 
strengthens drug resistance in breast cancer [28,29]. 

Many cancers could be easily treated if they did not 
metastasize to other organs or distant organs. MMPs play a 
key role in the metastasis of tumor cells [30]. We observed that 
PLX4032 reduced MMP-3. These results indicate that PLX4032 
may have an inhibitory effect on the metastasis of thyroid 
cancer.

The resistance to BRAF inhibitors can occur by various 
genetic and nongenetic alterations [10,18]. Common genetic 
alterations that lead to BRAF inhibitor resistance include NRAS 
mutation, MAP2K1 and MAP2K2 amplification, and mutation 
in the PI3K pathway [18].

Whether selective BRAF inhibitors will eventually find a 
role in thyroid cancer therapy is difficult to predict [18]. An 
appealing feature of these findings is the striking selectivity for 
the mutant form of BRAF [18]. Increasingly, a patient’s tumor 
genotype will come to influence therapeutic decision making 
in advanced thyroid cancer [18]. Lessons learned from the 
highly selective clinical activity of drugs such as trastuzumab 
(Herceptin, Genentech, Inc., South San Francisco, CA, USA) in 
patients with Her2/Neu amplified breast cancer, and erlotinib 
(Tarceva, Genentech, Inc.) in epidermal growth factor receptor 
mutated lung cancer will help to inform clinical trial design in 
thyroid cancer [18]. 

Taken together, the BRAFV600E inhibitor PLX4032 starts to 
inhibit proliferation, reduces the levels of secretory proteins 
such as IL-8 and MMP-3 in thyroid cancer cell lines, and induces 
apoptosis in thyroid cancer cell lines. The impressive results 
in cell lines further suggest that this therapeutic treatment 
achieves great results for patients with thyroid cancer, and may 
further benefit from additional combination with emerging 
immunotherapies. 

Going forward, it will be important to determine the effect 
of this treatment on metastasized thyroid cancer, and, over 
an extended period, to elucidate the genetic or epigenetic 

contributions leading to variable responses to treatment and 
to further characterize the immune response to treatment. 
These findings now show high potential for clinical impact 
on patients with BRAFV600E-positive thyroid cancer, who 
currently lack an effective treatment. Further study is needed 
to determine how PLX4032 is related to secretory proteins 
in thyroid cancer. Future in vivo studies should be done to 
evaluate the therapeutic positive results by the inhibiting of 
cytokine secretion in thyroid tumor microenvironments; this 
can be an alternative therapeutic strategy. 
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