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Myopericytoma (MPC) is a rare tumor with perivascular proliferation of pluripotent stem-
cell–like pericytes. Although indolent, MPC may be locally aggressive with recurrent dis-
ease. The pathogenesis and diagnostic biomarkers of MPC are poorly understood. We 
discovered that 15% of benign MPCs (thyroid, skin; 3 of 20 samples) harbored BRAFWT/V600E;  
33.3% (1 of 3 samples) of BRAFWT/V600E-MPCs were multifocal/infiltrative/recurrent. 
Patient-MPC and primary MPC cells harbored BRAFWT/V600E, were clonal and expressed 
pericytic-differentiation biomarkers crucial for its microenvironment. BRAFWT/V600E-
positive thyroid MPC primary cells triggered in vitro (8.8-fold increase) and in vivo 
(3.6-fold increase) angiogenesis. Anti-BRAFV600E therapy with vemurafenib disrupted 
angiogenic and metabolic properties (~3-fold decrease) with down-regulation (~2.2-fold 
decrease) of some extracellular-matrix (ECM) factors and ECM-associated long non-
coding RNA (LincRNA) expression, with no effects in BRAFWT-pericytes. Vemurafenib 
also inhibited (~3-fold decrease) cell viability in vitro and in BRAFWT/V600E-positive thyroid 
MPC patient-derived xenograft (PDX) mice (n = 5 mice per group). We established the 
first BRAFWT/V600E-dependent thyroid MPC cell culture. Our findings identify BRAFWT/V600E  
as a novel genetic aberration in MPC pathogenesis and MPC-associated biomarkers 
and imply that anti-BRAFV600E agents may be useful adjuvant therapy in BRAFWT/V600E-
MPC patients. Patients with BRAFWT/V600E-MPC should be closely followed because of 
the risk for multifocality/recurrence.
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Myopericytoma (MPC) describes rare, nod-
ular tumors characterized by a radial and 
multilayered perivascular growth of ovoid 
and spindled-shaped cells with mesenchy-
mal stem-cell–like features, often with asso-
ciated blood vessels arranged in an irregular, 
“staghorn” pattern (1–3). Most MPCs are 
benign (2), but some are malignant with 
metastatic potential and poor survival (4,5). 

MPCs arise over a wide age range, primar-
ily affecting subcutaneous tissues of the dis-
tal extremities (2), and lesions occasionally 
present with skin ulceration, pain or tender-
ness; additionally, symptomatic MPCs arise 
in the proximal extremities, head region 
and internal organs (1). Most MPC are 
treated surgically, and complete excision 
should prevent recurrent/persistent disease, 

although negative surgical margins are diffi-
cult to achieve outside of the extremities (2).

Biomarkers and oncogenic events 
driving MPC development are not well 
understood. In this study, we performed 
a comprehensive genomic and functional 
validation of associated MPC biomarkers 
with clinical implications. We have applied 
a high-throughput genotyping assay on 
29 MPCs from available, formalin-fixed 
paraffin-embedded (FFPE), discarded/uni-
dentified samples, using an Institutional 
Review Board-approved protocol (Beth 
Israel Deaconess Medical Center, Boston, 
MA) to unravel oncogenic events driving 
pathogenesis (Supplementary Methods and 
Supplementary Table  1, available online). 
The patient with thyroid MPC provided 
written informed consent for genetic analy-
sis. For all other patients, we used discarded/
unidentified tissue specimens and con-
sent for genotyping test. Disease stage was 
assessed by radiologic imaging. We also used 
and immunohistochemistry, primary cell 
cultures, dynamic functional assays, shRNA, 
and developed an MPC-patient-derived 
xenograft (PDX) mouse model (for detailed 
methods, please see the Supplementary 
Methods, available online). All animal work 
was done in accordance with federal, local, 
and institutional guidelines at the Beth Israel 
Deaconess Medical Center (Boston, MA), 
and all experiments were performed with 
four-month-old Crl:NU(NCr)-Foxn1nu 
female, athymic, immunodeficient, nude 
mice (strain code: 490)  (Charles River, 
Wilmington, MA) (n = 5 per group).

Statistical analysis was carried out using 
GraphPad Prism 6 software (version Prism 
6, GraphPad Software Inc., San Diego, 
CA). Mann-Whitney test was used to 
analyze the statistical significance of dif-
ferences between two groups. For categori-
cal data, Fisher’s exact test was used. All 
reported P values were two sided. Data are 
reported as the averaged value, and error 
bars represent the standard deviation of the 
average for each group in duplicate or trip-
licate. Results with P values below .05 were 
considered statistically significant.

We developed the first translational 
model to date of multifocal and infiltrative 
thyroid MPC (Figure  1; Supplementary 
Figures 1 and 2, available online). The 
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Figure  1.  A multimodality perioperative evaluation of patient with 
multifocal infiltrating thyroid myopericytoma harboring the heterozy-
gous BRAFWT/V600E mutation. A1) Multinodular thyroid disease, 1.5 mm 
follicular variant papillary thyroid microcarcinoma (PTCFV) in the left 
thyroid lobe and a left thyroid mass (myopericytoma [MPC]) with medi-
astinal extension in a 44-year old woman. A2) Neck Doppler ultrasound 
shows a 4.0 × 3.4 cm irregular, hypo-echoic, hyper-vascular mass in the 
left thyroid lobe with mediastinal extension. A3) Contrast enhanced 
T1-weighted magnetic resonance imaging before thyroid surgery shows 
a four-cm, hyper-intense mass (arrowhead) localized in the left thyroid 
lobe with mediastinal extension, impingement, rightward tracheal 
(asterisk) deviation and possible extension into soft tissue (arrow high-
lights a right thyroid nodule). A4) Total body 18F-FDG (fluorodeoxyglu-
cose) PET (Positron emission tomography)/CT (Computed Tomography) 
exam reveals high 18F-FDG uptake in the left persistent/recurrent mass 
(arrow). A5) Elastography analysis shows a non-deformable pattern 
(the arrow highlights a reduction of the elasticity, blue color) in the vast 
majority part of the left persistent/recurrent MPC. B1-B7) Histology of 
the thyroid and perithyroidal soft tissue with multifocal and infiltrating 
thyroid MPC (hematoxylin and eosin staining). (B1, scale bar = 500 µ) 
Macrofollicular thyroid tissue. (B2-B3, scale bar  =  200 µ) The thyroid 
MPC is present in several foci (asterisk) in the thyroid gland (B2-B3, 
arrowhead highlights thyroid follicles). (B4, scale bar = 500 µ) The MPC 
cells with apparent differentiation toward perivascular myoid cells and 
pericytes, best appreciated under oil immersion lens, show a bland, 
ovoid, and epithelioid to spindled morphology. (B5, scale bar = 200 µ) 
MPC shows a somewhat infiltrative appearance through adipose 

tissue (arrowheads) with: (B6, scale bar  =  100 µ) radial and multilay-
ered perivascular growth with a staghorn-like vascular growth pattern; 
and (B7, scale bar = 500 µ) destruction of thyroid tissue. (C1-C7, scale 
bar  =  100 µ) Immunohistochemistry staining in the thyroid MPC: C1) 
the Ki67 proliferation index (arrows highlight nuclear staining) is low in 
the MPC cells. C2) The MPC cells are clustered with a fascicular growth 
pattern around the vessels (clear, slit-like spaces, V) with intralesional, 
thin-walled branching vessels of small caliber, highlighted by CD31 
(C2). C3-C4) MPC cells show cytoplasmic to membranous staining with 
antibodies against α-smooth muscle actin (αSMA) and platelet-derived 
growth factor receptor beta (PDGFRB). C5) MPC cells also show posi-
tivity (punctate) for NG2 (chondroitin sulfate proteoglycan 4)  but are 
negative for desmin (C6). C7) Trichrome staining highlights the abun-
dant amount of collagen deposition (blue staining, asterisk) surround-
ing the MPC (purple staining) or the intratumoral deposition of collagen 
(arrows). D1-D2) DNA genotyping analysis by mass spectrometry (MS) 
traces of formalin-fixed paraffin embedded thyroid (n  =  1) (D1) and 
(D2) skin (eg, leg) (n = 28) MPC tissue samples reveals a heterozygous 
BRAFWT/V600E allele (long arrows) (A > T). The intensity of the signal vs 
mass of the analyte is plotted in the background, while the inset shows 
the cluster plot with all samples analyzed in the run (intensity of the sig-
nals of the two alleles). The long arrow links the actual sample (circle in 
the inset) to the mass of the expected mutant V600E allele. Color coded 
by the software is automatic allele calls. Cyan squares for heterozygous 
samples, orange triangles for homozygous. Ambiguous calls are identi-
fied by a red dot. Allele frequencies deviating from the expected values 
are assigned ambiguous or homozygous calls by the software.

initial pathologic diagnosis in October 
2010, reported by the referring interna-
tional institution, was undifferentiated 

(anaplastic) thyroid carcinoma with two 
consequent cycles of chemotherapy given 
to the patient. By patient request, outside 

review of the pathology was performed 
at the Massachusetts General Hospital 
(Boston) the following month, and the 
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diagnosis was amended to reflect a mul-
tifocal and infiltrative left thyroid MPC 
(Figure 1; Supplementary Figures 1 and 2, 
available online), with no clinically suspi-
cious lymph nodes or distant metastases. 
Completion thyroidectomy was performed 
in June 2011 (Supplementary Figure  1F, 
available online). Histologic evalua-
tion confirmed residual thyroid MPC 
(Supplementary Figure  1, A-D, available 
online).

The MPC was about two-fold more 
metabolically active (standardized uptake 
value [SUV]  =  4.5) compared with the 
non-tumoral thyroid hyperplastic nodules 
(SUV  =  2.4) (Figure  1A4); but 18-FDG 
(Fluorodeoxyglucose) PET (positron emis-
sion tomography)/CT (computed tomog-
raphy) did not note any non-regional tissue 
involvement (Supplementary Figure  1D, 
available online). Twelve months post-
operatively, imaging revealed persistent 
disease in the thyroid bed (Figure  1A5; 
Supplementary Figure  1, G-J, available 
online). MPC lacked features of malig-
nancy (increased number of mitoses, 
necrosis, vascular invasion), showed appar-
ent differentiation towards pericyte lineage 
(Figure  1, B2-B7) and was characterized 
by perivascular growth (Figure  1, B5 and 
B6, and 1C2). A  higher vascular density 
(CD31+) was found in the thyroid MPC 
(mean vessels/field  =  20.2, SD  =  0.4 ves-
sels/field) compared with the adjacent 
normal thyroid (mean  =  5.2 vessels/field, 
SD  =  0.2, P  =  .007) (Figure  1C2). MPC 
cells are arranged circumferentially around 
smaller vessels (Figure  1, B5 and B6, and 
1C2; Supplementary Figure 2B5, available 
online). The ratio of MPC cells to endothe-
lial cells is about 3:1, quantified based on 
the number of platelet-derived growth 
factor receptor beta (PDGFRB)–positive 
MPC cells and CD31-positive endothelial 
cells (Supplementary Methods, available 
online). MPC biomarkers (alpha-smooth 
muscle actin [αSMA], PDGFRB, NG2 
[neuron-glial antigen 2], and extracellular-
matrix [ECM] molecules, eg, CollagenIA1 
[COLIA1]), as well as desmin and p16/
Ink4A immunoexpression are described in 
Figure 1, C3-C7; Supplementary Figure 2, 
B1-B19, and Supplementary Table 2, avail-
able online.

As MPC is a poorly characterized 
“orphan” disease, we performed in-depth 
genotyping. We analyzed 29 FFPE tissues 

(20 benign MPC, four benign intravas-
cular MPC, and five malignant MPC) 
(Supplementary Table  1, available online) 
by Mass Spectrometry genomic technol-
ogy, which interrogates about 1000 muta-
tions in 112 validated oncogenes and tumor 
suppressors. Results were validated by per-
forming Sequenom (6) (Figure  1, D1-D2; 
and Supplementary Figure 2, C1-C4, avail-
able online), pyrosequencing and Sanger 
sequencing (data not shown). We found that 
3/20 (15%) benign MPCs (ie, one thyroid and 
two cutaneous MPCs) from three different 
patients (Figure  1, D1-D2; Supplementary 
Figure  2, C1-C4, and Supplementary 
Table 1, available online) harbored the het-
erozygous BRAFWT/V600E mutation in exon-
15 hot-spot T1799A of the BRAF gene 
sequence. None of the four benign intra-
vascular MPCs or five malignant MPCs 
harbored BRAFWT/V600E. Two out of three 
(66.6%) BRAFWT/V600E-MPCs (thyroid, skin) 
derived from two different patients’ infil-
trated adjacent soft tissue; two of four (50%) 
multifocal MPCs harbored BRAFWT/V600E,  
compared with 1/25 (4%) unifocal MPCs 
with wild type (WT) BRAF (P = .04) 
(Supplementary Table  1, available online). 
One out of three (33.3%) MPCs (ie, thy-
roid) with BRAFW/V600E showed recurrent/
persistent disease after one year of follow-up 
(Figure  1A5;Supplementary Figure  1, G-J, 
available online). Furthermore, our analysis 
of X-chromosome inactivation and meth-
ylation profile from the female patient with 
thyroid BRAFW/V600E-MPC (Figure 1D1 and 
Figure 2, A1 and A2) revealed that this tumor 
was monoclonal compared to the adjacent, 
uninvolved thyroid tissue (Figure 2A3) (7).

To provide a translational application 
for our study, we established early and late 
passages of primary cells cultured in vitro 
from human thyroid BRAFWT/V600E-MPC. 
These cells also harbored BRAFWT/V600E 
and expressed pericyte lineage-specific 
differentiation biomarkers (Figure  2A1). 
BRAFWT/V600E is the most frequently 
mutated oncogenic kinase. Vemurafenib is 
the first orally available selective inhibitor 
of BRAFV600E approved by the US Food and 
Drug Administration for the treatment of 
BRAFWT/V600E-melanoma (8–11). We tested 
the effects of vemurafenib on BRAFWT/V600E- 
MPC cells and BRAFWT pericytes (Figure 2, 
A-G). Vemurafenib substantially reduced 
phospho(p)ERK1/2 and pMEK1/2 pro-
tein levels in BRAFWT/V600E-MPC cells as 

compared with controls (Figure  2C). As a 
result, this treatment statistically signifi-
cantly (P < .001) suppressed BRAFWT/V600E-
MPC cell viability, with no effect on the 
growth of BRAFWT-pericytes (Figure  2B), 
suggesting its high specificity for the 
BRAFV600E vs BRAFWT. Furthermore, we 
hypothesized that BRAFWT/V600E plays a role 
in MPC angiogenic and metabolic proper-
ties; we found that BRAFWT/V600E-MPC cells 
substantially grew as large cell aggregates 
on Matrigel (Supplementary Figure  3A, 
available online), and, when cocultured 
with human microvascular endothelial 
cells, stastistically significantly (8.8-fold, 
P = .002) triggered in vitro angiogenesis as 
compared with controls (Figure 2, D1-D2). 
Vemurafenib treatment statistically sig-
nificantly (about 3-fold, P = .002) disrupted 
this effect (Figure  2, D1 and D2); addi-
tionally, treatment with shRNA that tar-
geted BRAFV600E statistically significantly 
reduced MPC cell adhesion and migration 
(Supplementary Figure 4C, available online) 
with no effect in BRAFWT-pericytes (data 
not shown). Remarkably, BRAFWT/V600E-
MPC cells also statistically significantly 
(P = .002) increased vascular density in 
MPC-PDX mice (Supplementary Figure 5, 
available online), and vemurafenib therapy 
statistically significantly (3-fold, P  =  .007) 
suppressed both BRAFWT/V600E-MPC cell via-
bility (Figure 2G; Supplementary Figure 5, 
available online) and vascular density/angio-
genesis (3.6-fold, P = .002) (Supplementary 
Figure  5, available online) without any 
obvious toxicity. Subsequently, we found 
that COL1A1 (5-fold, P  =  .007), PDGFRB 
(1.3-fold increase, P  =  .02), integrin-β1 
(ITGβ1) (1.7-fold increase, P  =  .02), ID2 
(DNA-binding protein inhibitor) (6.5-fold 
increase, P = .002), and the long intergenic 
non-coding RNA (LincRNA) ID2 (2.8-fold 
increase, P  =  .02) were statistically signifi-
cantly (with moderate or high copy num-
ber) BRAFV600E-dependent in MPC cells as 
compared with control cells with BRAFWT 
(Figure  2F; Supplementary Table 3,  
available online). Their expression lev-
els (ID2  =  2.2-fold; COL1A1  =  1.5-fold; 
PDGFRB  =  1.5-fold; ITGβ1  =  1.5-fold; 
and ID2 LincRNA  =  1.6) were statistically 
significantly reduced by vemurafenib treat-
ment as compared with BRAFWT-pericytes 
(Figure 2F). Furthermore, MPC cell adhe-
sion (P = .002, Supplementary Figure  3B, 
available online) and migration (P  =  .002, 
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MPC

Figure  2.  In vitro and in vivo preclinical model of human primary thy-
roid myopericytoma harboring the heterozygous BRAFWT/V600E muta-
tion. A1) Immunocytochemistry of established non-immortalized 
primary human thyroid myopericytoma (MPC) cells with the heterozy-
gous BRAFWT/V600E mutation. Phase image of MPC cells, scale bar = 100 µ. 
Immunohistochemistry staining (scale bar  =  400 µ) in the thyroid MPC 
cells show cytoplasmic to membranous staining with antibodies against 
α-smooth muscle actin (αSMA), platelet-derived growth factor receptor 

beta (PDGFRB), and CD44 (stem cell and cell adhesion marker). Thyroid 
MPC cells also show positivity for NG2 (chondroitin sulfate proteoglycan 
4), phospho(p)-ERK1/2, and vimentin. CD31, CD45, pan-keratin, desmin, 
and thyroglobulin (Tg) immunostains are negative. A2) DNA genotyping 
analysis by mass spectrometry (MS) traces of the human primary thyroid 
MPC cells (n = 1) reveals a heterozygous BRAFWT/V600E allele (long arrows) (A 
> T). The intensity of the signal vs mass of the analyte is plotted in the back-
ground, while the inset shows the cluster plot with all samples analyzed 
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Figure  2E) were also statistically signifi-
cantly reduced by vemurafenib treatment 
compared with BRAFWT-pericytes. MPCs 
continue to be under recognized, result-
ing in inappropriate treatment and patient 
anxiety (12). Benign MPCs are generally 
indolent tumors (1); however, when they 
involve internal organs, they may be locally 
aggressive, with recurrent/persistent disease 
because of difficulty of complete excision. 
We discovered that BRAFV600E is a distinct 
genetic alteration seen in benign MPCs, 
often multifocal and infiltrative. Patients 
with multifocal MPCs present a treatment 
dilemma, often requiring multiple surgeries 
for lesions that may be quite painful, even 
if not malignant. BRAFV600E is a prognostic 
biomarker of tumor recurrence and aggres-
siveness (13–24) and also facilitates tumori-
genesis (25–29).

BRAFWT/V600E-induced MPC cell adhe-
sion, migration, and angiogenesis associated 
with upregulation of molecules (eg, COL1A1, 
PDGFRB, ID2) (30–33) crucial for ECM 

remodeling, angiogenesis, and for auto-
crine and paracrine communication in the 
tumor microenvironment (Supplementary 
Figure 6, available online), which ultimately 
may lead to MPC aggressiveness. High doses 
of vemurafenib therapy were effective to 
inhibit BRAFV600E-MPC cell viability and 
angiogenesis, suggesting that this therapy 
blocked BRAFV600E-dependent pro-migra-
tory pathways and so diminished pro-angio-
genic capabilities of MPC cells.

Please see the Supplementary Results 
(available online) for additional findings 
that may be of interest.

Collectively, using anti-BRAFV600E 
therapy as a surgical adjuvant may pro-
vide a novel advancement in the thera-
peutic strategy and treatment of locally 
aggressive multifocal BRAFV600E-positive 
MPCs or possibly serve as a therapeutic 
alternative for cases in which surgical 
options are limited by location and extent 
of disease, or in medically poor surgical 
candidates.

Our study is limited by sample size (29 
available MPCs), precluding optimal evalu-
ation of MPC pathological features with/
without BRAFV600E. However, our results 
were substantiated by our integrated in vitro 
and in vivo approaches. It is also possible that 
MPC heterogeneity reduced the sensitivity 
for detection of the BRAFV600E mutation in 
some cases; therefore, we cannot exclude the 
possibility that the percentage of BRAFV600E-
positive MPC cases is higher.

In conclusion, our results demonstrate 
a subset of MPC harbor BRAFV600E that 
drives tumor development. We report the 
first MPC arising in the thyroid. Anti-
BRAFV600E therapy effectively suppresses 
viability in the only currently available 
MPC short-term cell culture that harbors 
the BRAFV600E mutation. BRAFV600E plays 
a role in the MPC microenvironment 
(Supplementary Figure 6, available online) 
and might ultimately lead to aggressive 
behavior. Finally, we report a multiplex 
panel of diagnostic markers for MPCs 

in the run (intensity of the signals of the two alleles). The long arrow links 
the actual sample (circle in the inset) to the mass of the expected mutant 
V600E allele. Color coded by the software is automatic allele calls. Cyan 
squares for heterozygous samples, orange triangles for homozygous. 
Ambiguous calls are identified by a red dot. Allele frequencies deviating 
from the expected values are assigned ambiguous or homozygous calls 
by the software. These findings were validated by two independent experi-
ments. A3) Methylation-sensitive PCR analysis of the X-chromosome 
locus was assessed on DNA isolated from manually dissected female thy-
roid MPC (n = 1) or non-malignant adjacent thyroid tissue (n = 1) formalin 
fixed paraffin embedded specimen. Screenshot of electropherogram dis-
playing discordant patterns of X-chromosome inactivation (arrowheads) 
in the thyroid MPC vs the benign thyroid tissue. For each sample, the cor-
responding plot is a quantitative representation of the size and amount 
of fluorescent PCR products amplified from undigested DNA or digested 
DNA with the methylation-sensitive enzyme HpaII when analyzed on an 
automated DNA sequencer. The peaks indicate the estimated allele size (in 
base pairs) that is the corresponding peak height (amount of PCR prod-
uct), as quantified by DNA Genotyper software. These findings were vali-
dated by triplicate sample assays. B) Thyroid MPC cells with heterozygous 
BRAFWT/V600E or normal pericytes with BRAFWild Type(WT) were treated with 
the indicated concentrations of vemurafenib for 48 hours, and viability 
was determined using the Cell Titer-Glo ATP-based luminescence assay, 
with Dimethyl sulfoxide, control (DMSO)–treated cells as the control. Cell 
growth curves were determined following two to three days of treatment 
with DMSO or vemurafenib. Arrows highlight change of cell shape in 
MPC cells vs control. All scale bars are =10 µ (MPC cells images) and 50 µ 
(pericytes images). These data represent the average ± standard deviation 
(error bars) of eight independent replicate measurements (*P < .05, **P < 
.01, ***P < .001, Mann-Whitney test, two-sided). C) A parallel plate simi-
lar to (B) was set up and corresponding phospho(p)ERK1/2 and pMEK1/2 
protein levels measured from BRAFWT/V600E-MPC cells or BRAFWT pericytes 
protein samples using western blotting assays. These data are representa-
tive of three independent experiments. D1-D2) BRAFWT/V600E-thyroid MPC 
cells cocultured with human microvascular endothelial cells (HMVECs) 
induce tubule formation (asterisk, control) (magnifications in all images: 
20×; scale bars = 200 µ) on growth factors reduced Matrigel in the pres-
ence of very low serum concentration (0.2%) within six hours compared 
to cocultures of HMVECs and BRAFWT pericytes or HMVECs alone, in the 
presence of vehicle (control) or vemurafenib treatment. Phase-contrast 

images were captured by optical microscopy. GFP (green fluorescent 
protein) and merge images were captured on a different microscopy field 
by confocal microscopy analysis: HMVECs alone are stained with ICAM-1 
(human intercellular adhesion molecule) (green); merge= GFP-tagged 
MPC cells or Alexa Fluo 488-conjugated CD90 (green)–tagged pericytes, 
and Alexa Fluo 594-conjugated actin (red)–tagged HMVECs. These data 
represent the average ± standard deviation (error bars) of six independ-
ent replicate measurements (**P = .002, Mann-Whitney test, two-sided). 
E) Cell migration assays within five hours in human primary thyroid MPC 
cells with BRAFWT/V600E or in pericytes with BRAFWT in the presence of vehi-
cle (control) or vemurafenib treatment. These data represent the average 
± standard deviation (error bars) of six independent replicate measure-
ments (**P  =  .002, Mann-Whitney test, two-sided). F) Quantitation of 
mRNA expression levels (copy number) by multi-gene transcriptional 
real-time reverse transcriptase PCR (RT-PCR) analysis of genes fundamen-
tal for extracellular matrix (ECM) remodeling and angiogenesis in human 
primary thyroid MPC cells with BRAFWT/V600E or in pericytes with BRAFWT in 
the presence of vehicle (control) or vemurafenib treatment for 24 hours 
(0.2% serum cell growth medium). Gene expression was classified as “low 
copy number” if it was below 1 mRNA copy/106 18S copies, “moderate 
copy number” if it was between 1 and 15 mRNA copies/106 18S copies, 
and “high copy number” if it was greater than 15 mRNA copies/106 18S 
copies. These data represent the average ± standard deviation (error bars) 
of four to six independent replicate measurements (*P < .05; **P < .01: 
***P < .001, Mann-Whitney test, two-sided). Genes showing difference 
in values of comparisons (P values <.05) were considered differentially 
expressed and statistically significant. G) A  patient-derived xenograft 
(PDX) mouse model of BRAFWT/V600E-human primary thyroid MPC cells 
engineered to express GFP (green fluorescent protein, scale bar=100 µ) 
injected in the subcutaneous compartment of the left ear of nude mice 
(n = 10) to visually follow perivascular growth of MPC cells over time in 
vivo. Mice were treated starting four days after BRAFWT/V600E-MPC cells 
implantation (defined ‘baseline’) with vemurafenib (100 mg/kg twice daily 
by oral gavage) (n = 5) or vehicle (n = 5) for two consecutive weeks. MPC 
cell viability was determined by the CS5.1 histogram software calculating 
the absolute number of pixels in the GFP-positive areas (arrows) of the left 
ear divided by the total number of pixels (247,545) in the highlighted selec-
tion area. These data represent the average ± standard deviation of two 
independent experiments (control-treated mice vs vemurafenib-treated 
mice, P = .007, Mann-Whitney test).

http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/dju182/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/dju182/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/dju182/-/DC1
http://jnci.oxfordjournals.org/lookup/suppl/doi:10.1093/jnci/dju182/-/DC1
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(eg, PDGFRB, NG2, αSMA, peritumoral-
fibronectin, vimentin, CollagenIA1).

We propose that genetic testing for the 
BRAFWT/V600E-mutation is part of the patho-
logic evaluation for multifocal and infiltrative 
MPCs, and patients with BRAFWT/V600E- 
positive MPCs should be periodically re-
evaluated for recurrence, especially with 
available targeted drug therapies.
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