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Abstract
Background: Papillary thyroid carcinoma (PTC) follows an indolent course; how-

ever, up to 30% of patients develop recurrent disease requiring further treatment.

Profiling PTC immune complexity may provide new biomarkers for improved risk

prediction.

Methods: Immune complexity profiles were quantitatively evaluated by multiplex

immunohistochemistry (mIHC) in archived tissue sections from 39 patients with

PTC, and were assessed for correlations with aggressive histopathological features

based on the presence of lymphovascular invasion and/or extrathyroidal extension,

and BRAF V600E mutational status.

Results: mIHC revealed two distinct immune clusters stratifying patients: a

lymphoid-inflamed group (higher CD8+ T cells, reduced dendritic and mast cells)

and a myeloid/hypo-inflamed group that correlated with aggressive pathological

features. BRAF mutation was not associated with aggressive pathological features

but did correlate with increased mast cell density.

Conclusions: Distinct immune microenvironments exist in PTC correlating with

pathological aggressiveness. Immune-based biomarkers associated with possible

tumor-immune interactions may be used for risk stratification.
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1 | INTRODUCTION

Papillary thyroid cancer (PTC) is the most common type of
endocrine malignancy, with an estimated 40 000 new cases in
2015.1 PTC has shown an increasing incidence over the past
35 years, while follicular, medullary, and anaplastic varieties
of thyroid cancer have remained stable.1,2 Although PTC
tends to have favorable 5-year survival rates of greater than
90%, this decreases to <60% when there is distant spread.1

Potential pathological aggressiveness of PTC may manifest as
locoregional and lymphatic spread; 30% of patients present
with clinically evident cervical nodal disease, and up to 80%
of patients are known to possess microscopic nodal disease.
Current therapies for PTC are not benign, with surgical ther-
apy of primary tumor and regional disease followed by risk-
based use of adjuvant radioactive iodine treatment or external
beam radiation therapy. These therapies do not come without
a cost, thus improving risk stratification for PTC remains a
priority in order to avoid overtreatment of this disease.

Historically, it was thought that leukocytes in close prox-
imity to tumors represented an effort by the host to eradicate
malignant cells. However, it is now known that the interac-
tion is much more complex, and there may be subsets of
immune cells that actually promote growth or facilitate sur-
vival of neoplastic cells.3–5 Tumors employ numerous mech-
anisms preventing elimination by the immune system,
including poorly immunogenic mutations, secretion of medi-
ators that inactivate cytotoxic immune cells, loss of major
histocompatibility antigen expression, and secretion of fac-
tors that promote angiogenesis, matrix remodeling, and
recruitment of both pro-tumoric and anti-tumoric leuko-
cytes.4,6 Adding to this complexity, the biochemical and
cellular milieu of tumors variably activates immune cells,
promoting either pro-tumor or antitumor behaviors based on
cell-cell interactions and local soluble molecules correlating
with the biologic behavior of the tumor immune microenvi-
ronment (TiME); however, the full complexity of the TiME
has not been fully explored in PTC.

In order to more fully evaluate TiMEs of PTC, we devel-
oped multiplex immunohistochemistry (mIHC) methodology
for comprehensive profiling of immune cell infiltrates, thus
leading to improved understanding of tumor pathophysiol-
ogy.7 While previous reports reported the prognostic signifi-
cance of lymphocytes in PTC,4,8–10 the present study reports
on simultaneous evaluation of CD8+ T cells, helper T cells,
regulatory T cells (TREG), B cells, natural killer (NK) cells,
CD68+CSF1R+ tumor-associated macrophages (TAMs),
CD66+ granulocytes, mature dendritic cells, and mast cells in
a cohort of PTCs. Results from this TiME assessment of
formalin-fixed, paraffin-embedded (FFPE) tissue sections
reveal immune comprehensive characteristics of aggressive
PTC, contributing to disease pathogenesis that may improve

risk stratification and prognosis, as well as identify new
targets for therapy.

2 | METHODS

2.1 | Clinical samples

FFPE samples of previously resected PTC (N = 39) were
obtained from the Oregon Health and Science University
(OHSU) Knight Cancer Institute Biolibrary. Patients underwent
thyroidectomy between 2011 and 2012 at OHSU. Samples
were divided into those with or without aggressive histopatho-
logical features identified by the presence of lymphovascular
invasion and/or extrathyroidal extension including microscopic
and gross invasion. All tumor samples were reviewed by a
senior pathologist specializing in head and neck tumors (D.S.).
FFPE blocks were cut into 5 μm sections by the OHSU Histo-
pathology Shared Resource Core. Electronic health records
were used to identify anti-Tg and anti-TPO status, along with
patient demographics and tumor information. The study was
approved by the Institutional Review Board (#9420) at OHSU,
and written informed consent was obtained from all patients.

2.2 | Multiplex IHC

mIHC was performed as previously described.7 Briefly, FFPE
tumor sections were subjected to sequential immunodetection
with antibodies detecting immune cell lineages (Supporting
information Tables S2 and S3). Following chromogen devel-
opment of antibodies, slides were digitally scanned using an
Aperio ScanScope AT at ×20 magnification. Tissue sections
were then stripped of antibody and chromogen followed by
subsequent rounds of antibody staining and imaging. A com-
plete list of antibodies and conditions used for staining is
provided in Supporting Information Table S2. Antibodies and
order of staining was optimized for use in thyroid tissue.
Following staining and image acquisition, computational
processing was performed as previously described.7 Digital
images reflecting the antibody panel were co-registered and
aligned (Figure 1A). A sequential gating strategy was then uti-
lized to identify immune cell phenotypes based on positive
and negative cell staining (Figure 1B and Supporting Informa-
tion Table S1). Due to computational limitations which do not
allow for the 11-marker biomarker composition of the entirety
of a large surgical tissue specimen to be analyzed, the three
highest density leukocyte regions in any given tissue
section were identified by CD45-positivity, approximately
25 000 000 pixels2 or 6.25 mm2 each, and quantitatively ana-
lyzed (Figure 2) as compared to adjacent benign tissue
selected from a single region of interest (ROI) of comparable
size. Image cytometry analysis was performed and results
were compared between intra-tumor and adjacent benign
regions.
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2.3 | BRAF mutational testing

All tumor samples were evaluated for BRAF V600E muta-
tions. Qiagen DNA mini kits were utilized to extract
genomic DNA from FFPE tissue sections. BRAF Exon
15 (V600) was amplified by PCR (35 cycles), utilizing the
following primers: Forward primer GCTTGCTCTGATA
GGAAAATGAGA; Reverse primer GCAGCATCTCA
GGGCCAAAA. PCR products were then sequenced using
Sanger sequencing and analyzed for the T1799A mutation.

2.4 | Statistics

Chi-squared test, Kruskal-Wallis test, and Wilcoxon signed-
rank test were used to determine statistically significant dif-
ferences. P values were adjusted for multiple comparisons
using Benjamini-Hochberg false discovery rate adjustments.
Statistical calculations were performed by R software, ver-
sion 3.2.3 (http://www.r-project.org/). An unsupervised hier-
archical clustering was performed with Ward's minimum

FIGURE 1 Quantitative tumor immune microenvironment analysis of papillary thyroid cancer (PTC) via 12-color multiplex
immunohistochemistry. A, Formalin-fixed paraffin-embedded (FFPE) PTC tissue sections (N = 39) were subjected to immune detection with an
11-antibody panel of lineage-selective antibodies to reveal complexity of nine immune cell lineages (Supporting Information Table S1 and S2). Pseudo-
colored merged composite images are shown. Boxed area (left images) indicates magnified areas shown at higher magnification below and to right.
Scale bar = 100 μm. B, The gating strategy used for single cell-based chromogenic signal intensity is shown where cell size/area, and location were
utilized for density plots, similar to flow cytometry, by employing flow and image cytometry data analysis software, FCS Express 5 Image Cytometry
Version 5.01.0029 (De Novo Software). X and y axes are shown on a logarithmic scale [Color figure can be viewed at wileyonlinelibrary.com]
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variance method (hclust from R, http://sekhon.berkeley.edu/
stats/html/hclust.html). All P values <0.05 were considered
statistically significant.

3 | RESULTS

3.1 | Immune microenvironment of PTC
exhibits intratumoral myeloid predominance

A total of 39 subjects with PTC were included in this study
(Table 1). There were no significant differences between the
pathologically aggressive and indolent cohorts with respect
to age, sex, or pT classification. All patients were female.
Average age at diagnosis was 34.5 and 37.6 years old,
respectively.

In order to study the TiME in these samples, mIHC and
image cytometry analysis was performed to quantitatively
identify differences in the immune microenvironment
between intra-tumor and adjacent nonmalignant compart-
ments (Figures 1A,B and 2). While nonmalignant regions
exhibit enriched lymphoid cell densities, for example, CD8+ T
cells and helper T cells, as compared to intratumoral regions

(Figure 3A,B), intratumoral microenvironments were enriched
with myeloid cell populations that included TAMs,
granulocytes, and mast cells, as compared to nonmalignant
regions (Figure 3C). Interestingly, intratumoral regions exhib-
ited increased percentages of TREG cells (Figure 3C), which
are known to suppress cytotoxic T cell immune responses.11

No statistically significant differences were observed in NK
cells, B cells, or dendritic cells between the two compartments.
We examined ratios of CD8+ T cell:TAM, and CD8+ T cell:
TREG,

12–14 and found significantly lower ratios in intratumoral
areas as compared to adjacent benign (Figure 3D,E), indicating
that intratumoral regions likely harbor cell-based mechanisms
that suppress cytotoxic properties of CD8+ T cells as compared
to surrounding adjacent nonmalignant tissue.

3.2 | Intratumoral myeloid-inflamed profiles
correlate with pathological aggressiveness
of PTC

In order to assess the relationship between TiME composition
and tumor aggressiveness, cell densities of nine immune
cell lineages were subjected to unsupervised hierarchical

FIGURE 2 Region of interest (ROI) selection based on papillary thyroid cancer (PTC) leukocyte hot spot analysis. Overview of mapping
analyses for CD45+ leukocyte cell densities is shown. Following generation of whole tissue-based pseudo-immunohistochemistry (IHC) images
from hematoxylin and CD45-IHC images (middle top panel), heat maps of leukocyte cell density were generated based on quantification of CD45+

cells per area (middle bottom panel). Then, based on pathologist-identified malignant regions, the three highest CD45+ density regions within
malignant regions were selected and exported as ROIs for downstream image analysis (left panels). The highest leukocyte density region in adjacent
nonmalignant tissue was also extracted and similarly quantitatively evaluated (right panels). Magnification is shown and boxes show the area
magnified [Color figure can be viewed at wileyonlinelibrary.com]
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clustering. This resulted in two distinct immune subpopula-
tions within the cohort (Figure 4A and Supporting Informa-
tion Table S3); one cluster appeared to be relatively hypo-
inflamed and myeloid predominant, exhibiting lower num-
bers of CD8+ T cells, and higher numbers of mast cells
and dendritic cells (Figure 4B-D), whereas the second clus-
ter was characteristically lymphoid inflamed. The hypo-
inflamed myeloid predominant group encompassed the
majority of samples with aggressive pathological features

(Figure 4E) and also correlated with a lower ratio of CD8+

T cells to total T cells, CD8+ T cells to TREG cells, and
CD8+ T cells to TAMs (Figure 4F). Together, these find-
ings indicate that a relatively hypo-inflamed myeloid-pre-
dominant TiME correlates with pathological aggressiveness
of PTC.

3.3 | BRAF V600E mutation status is
associated with differential immune profiles
of PTC

Previous reports have revealed that known genetic muta-
tions in PTC activate transcriptional pro-inflammatory
programs15–17; thus, we evaluated BRAF V600E mutational
status, in order to evaluate genetic mutational status in com-
parison to differential immune complexity of PTC. Results
from this analysis (Figure 4A) indicated that BRAF V600E
mutation status did not correlate with either lymphoid or
myeloid inflamed clusters or pathological aggressiveness
(Figure 5A); however, the BRAF V600E mutation positive
group did display a significantly increased mast cell density
as compared with the BRAF wild-type group (Figure 5B),
and also exhibited tendencies toward increased mast cell
percentages as compared to CD8+ T cell percentages, possi-
bly revealing an immunosuppressive relationship between
the two cell types (Figure 5C).

4 | DISCUSSION

PTC poses a unique challenge to clinicians; although most
cases are relatively indolent, a small subset exhibits aggres-
sive behavior and entails significant morbidity. Improved
risk stratification of patients is thus needed to more accu-
rately tailor therapy to individual patients. One important
factor that may be critical to PTC behavior is the poorly
understood tumor-immune interface. Thus, in the present
study, we utilized an innovative mIHC process and quantita-
tive bioinformatics to comprehensively assess immune cell
complexity in PTC. This analysis revealed significant differ-
ences in intratumoral vs adjacent tissue immune microenvi-
ronments, and revealed that tumors with aggressive
pathological features exhibit a predominantly myeloid TiME
composition as compared to nonaggressive tumors charac-
terized by a more lymphoid-inflamed phenotype.

Previous analysis of immune cell composition of in thy-
roid carcinoma (and other cancers) has been limited by the
tools available, in particular flow cytometry and traditional
IHC. Although flow cytometry can provide valuable infor-
mation regarding the relative numbers of various cell
populations, there is no spatial information regarding distri-
bution of cells, and it requires fresh tissue rather than readily
available FFPE specimens. Alternatively, traditional IHC is

TABLE 1 Patient and clinicopathological variables

Variable

Pathologically
aggressive
(n = 28)

Pathologically
indolent
(n = 11)

Sex

Male 0 0

Female 28 11

Age at diagnosis 36.5 (range 17-60) 34.6 (range 19-45)

≤55 26 11

>55 2 0

pT classification

1a 7 4

1b 9 4

2 5 3

3a 4 0

3b 3 0

pN classification

0 7 11

1A 9 0

1B 12 0

M classification

0 28 11

1 0 0

Stage

I 16 10

II 1 1

III 8 0

IVA 3 0

IVB 0 0

IVC 0 0

Number of positive
lymph nodes

5.6 (range 0-21) 0

Lymphovascular invasion

Presence 21 0

Absence 7 11

TNM classification is determined based on the American Joint Committee on
Cancer (AJCC) 8th edition.
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FIGURE 3 Papillary thyroid cancers (PTCs) exhibit intratumoral myeloid predominance. A, A representative case shows intratumoral
predominance of myeloid lineages. Top panels show hematoxylin images to indicate regions with intratumoral PTC and adjacent benign regions
discerned by hashed lines. Middle panels show dot plots to indicate differential distribution of total CD45+ cells, CD8+ T cells, regulatory T
cells (TREG), mast cells, and tumor-associated macrophages (TAMs) determined by image cytometry analysis. Corresponding mIHC images
were shown in bottom panels. Antibodies used for immunodetection are color-coded as shown. Boxes show the area magnified in the bottom
panels. Magnification is shown. B, Ratios of cell percentages comparing intratumoral and adjacent nonmalignant regions are shown (N = 39).
Bars, boxes, and whiskers represent median, interquartile range, and range, respectively. Statistical differences were determined via Wilcoxon
signed-rank tests with false discovery rate (FDR) adjustments, with *P < 0.05, and ***P < 0.001 [Color figure can be viewed at
wileyonlinelibrary.com]
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performed on single sections of FFPE tissue, but is limited
to immunodetection of adjacent tissue sections where
immune cell phenotypes are identified by 1-3 antibody

reactivity, typically; thus a comprehensive assessment of
multiple cell types in single FFPE sections has not been pub-
lished. mIHC approach circumvents these issues, and

FIGURE 4 Legend on next page.
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provides a quantitative snapshot of the spatial distribution
and complexity of multiple immune cells based on lineage
and functional markers in a single FFPE section.

mIHC analysis revealed two broad trends regarding the
TiME in PTC. First, intratumoral regions are relatively mye-
loid inflamed, with increased TREG cells, as compared to areas
of adjacent nonmalignant tissue. As was observed in Figure 2,
leukocyte hot spots were observed in intra-tumor regions as
well as adjacent benign regions, suggesting that adjacent
benign regions could be under the influence of tumor-derived
factors in terms of pro-tumoric and/or anti-tumoric reactions,
leading to the heterogeneity of immune cell infiltration.
Through comparative assessment of immunologically hetero-
geneous tumor and adjacent regions based on immune cell
density mapping (Figure 2), we observed myeloid predomi-
nant and immunosuppressive immune profiles in intratumoral
region, suggesting the presence of tumor-immune interactions
promoting cancer development. Second, tumors with aggres-
sive pathological phenotypes tended to display increased mye-
loid, hypoinflamed TiMEs as compared to tumors without
aggressive pathological features. In addition, PTCs containing
fewer lymphocytes correlated with a higher recurrence rate,
whereas increased lymphocyte infiltration correlated with
favorable prognosis and reduced extrathyroidal extension.4,8–10

Chronic lymphocytic thyroiditis has also been reported to cor-
relate with reduced incidence of central neck lymph node
metastases and angiolymphatic invasion.18 These findings are
generally consistent with our previous findings in head and
neck squamous carcinomas7 and pancreatic7 and breast
adenocarcinomas,12 in which myeloid cell-dominant inflam-
mation correlates with decreased CD8+ T cell presence and/or
suppressed cytotoxic T cell functionality, and is associated
with tumor aggressiveness and worse overall disease outcome.

Although PTCs with aggressive pathology typically con-
tained a paucity of CD8+ T cells, these tended to also contain
increased presence of mast cells and dendritic cells (Figure 4).
Mast cells are known to release pro-angiogenic and pro-
survival mediators, as well as proteolytic enzymes that facili-
tate matrix remodeling and release of sequestered soluble
mediators that together are generally protumorigenic.19

Dendritic cells have a more complex role in tumor immunity,
with evidence of both pro-tumorigenic and anti-tumorigenic
activities.20 Although some studies report increased dendritic
cell infiltration associated with improved prognosis in thyroid
cancer,4,20 there is also evidence that tumor infiltrating den-
dritic cells can be rendered functionally deficient in tumors,20

suggesting a potential mechanism of tumor evasion and
escape.20 In the thyroid, it has been suggested that dendritic
cells may be recruited during later steps of neoplastic progres-
sion, as these are found in most PTCs, but are rare in benign
thyroid nodules.21 Further studies are needed to illuminate the
maturation state of dendritic cells in PTC, as well as their rep-
ertoires of checkpoint molecules that may be important for
mediating T cell activation and functionality.

BRAFV600E mutations are associated with PTC progres-
sion; however, mechanisms underlying these associations
have not been elucidated fully.22–24 Our data indicated an
association between high mast cell frequency and BRAFV600E

mutation status, which is supported by previous preclinical
evidence that activation of BRAF has been associated with
increased expression of chemoattractants for macrophages
and mast cells.16,17 On the other hand, some previous studies
indicate that immune cell lineages other than mast cells corre-
late with BRAFV600E mutation status,16,25 however, our data
did not corroborate this. Additionally, BRAFV600E mutation
status was not found to be associated with aggressive patho-
logical features in the present study. Those differences may
be related to the small sample size, as well as the immune hot
spot-focused analysis in this study. However, our in-depth
analysis revealed linkage between TiME profiles and muta-
tion status, potentially indicating a mechanism for more
aggressive clinical behavior in these tumors.

A significant limitation to the present study has to do
with the relatively low incidence of PTC-related mortality,
thus the sample size (N = 39) was not sufficient to correlate
TiME composition with disease survival, disease recurrence,
or other outcome measures. Furthermore, the definition of
extrathyroidal extension in this study includes microscopic
invasion, which was excluded from the T3 stage in the new
American Joint Committee on Cancer (AJCC) 8th edition.

FIGURE 4 Immune complexity in papillary thyroid cancer (PTC) correlates with histopathological aggressiveness. A, Heat map indicating
immune cell densities (cell counts per mm2) according to color scale (upper left) with a dendrogram of unsupervised hierarchical clustering,
depicting myeloid/hypo-inflamed, and lymphoid-inflamed subgroups (M/H and L in bottom, respectively). B, Micrographs show multiplex
immunohistochemistry (mIHC) findings in myeloid/hypo-inflamed, and lymphoid-inflamed subgroups in (A), showing high infiltration of myeloid
and lymphoid cell populations, respectively. Antibodies and color annotations are shown at bottom. Scale bars = 500 μm (left) and 50 μm
(right). C, Immune cell densities of lymphoid and myeloid cell lineages comparing hypo/myeloid-inflamed (n = 22) and lymphoid-inflamed
(n = 17) subgroups. Bars, boxes, and whiskers represent median, interquartile range, and range, respectively. (D) Immune cell percentages
quantified as a percentage of total CD45+ cells. Bars show median with interquartile range. E, The number of cases with pathological aggressiveness
was evaluated, comparing the hypo/myeloid-inflamed and lymphoid-inflamed subgroups. Statistical differences determined by Chi-square test.
F, Ratios of cell percentages comparing subgroups are shown. Data points in (D) and (F) indicate mean values per patient sample evaluated for the
cell types shown. Bars show median with interquartile range. Statistical differences in (C), (D), and (F) were determined via Kruskal-Wallis tests
with FDR adjustments, with *P < 0.05, **P < 0.01, and ***P < 0.001 [Color figure can be viewed at wileyonlinelibrary.com]
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Thus, clinical interpretations of our data still require future
studies involving larger cohorts and comprehensive ROI
selections to assess TiME composition and disease aggres-
siveness in clinical perspective.

Despite these limitations, the present study demonstrates
an initial glimpse into comprehensive leukocyte profiling
present in the TiME of PTC and yield three previously
unreported findings: first, the TiME of PTC is myeloid
inflamed relative to adjacent nonmalignant tissue; second,
tumors with a more myeloid hypo-inflamed TiME phenotype
were more likely to demonstrate aggressive pathological fea-
tures as compared to PTCs with a more lymphoid-dominant
TiME; and third, while BRAF V600E mutant PTCs were not
consistently more pathologically aggressive, they did dem-
onstrate increased mast cell infiltration and decreased CD8+

T cell:TREG ratios, indicating that BRAF mutations may con-
tribute to the relatively “immunosuppressed” TiME pheno-
type. Overall, these findings support the hypothesis that
tumor-immune interactions in PTC reflect an important fac-
tor in disease pathogenesis and outcomes, and are consistent
with recent reports in colon carcinoma,26,27 head and neck
squamous cell carcinoma, non-small cell lung carcinoma,
urothelial carcinoma, and other malignancies,28–31 where
presence, location, and functional status of CD8+ T cells

correlates with disease outcome. Although myeloid cell phe-
notype and presence was not considered in these other stud-
ies, as myeloid-targeted immune therapeutics enter the
clinical arena,3,14 it is clear that deep characterization and
understanding of both arms of the immune system must be
considered for efficient and improved patient stratification,
as well as for relieving T cell-suppressive mechanisms
ascribed to various myeloid cell and B cell subsets common
to TiMEs in solid tumors, including PTC.
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