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Tumor-Associated Lymphocytes and Increased FoxP3™
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Context: Ten to 30% of patients with papillary thyroid cancer (PTC) develop recurrent disease and
may benefit from innovative adjuvant therapies. Immune-based therapies are under investigation
to treat many types of cancer. The role of the immune system in PTC is poorly understood.

Objective: We investigated whether tumor-associated lymphocytes (TAL), in the absence of back-
ground thyroiditis (LT), contribute to disease severity. We hypothesized that the type of lympho-
cytes associated with PTC would correlate with parameters of disease.

Design: This retrospective study analyzed archived PTC samples for the presence of TAL and/or LT.
A group of patients with TAL was evaluated for lymphocyte subsets by immunohistofluorescence.

Patients and Setting: One hundred PTC patients were analyzed for LT and TAL, and 10 PTC patients
with TAL were assessed for lymphocyte subsets at University of Colorado Hospital.

Main Outcome: We assessed correlations between disease and the presence of TAL, LT, and lym-
phocyte subset frequency.

Results: Patients with TAL exhibited higher disease stage and increased incidence of invasion and
lymph node metastasis compared with patients without lymphocytes or with LT. CD4* T cell fre-
guency correlated with tumor size (r = 0.742; P = 0.017). FoxP3™" regulatory T cell (Treg) frequency
correlated with lymph node metastases (r = 0.858; P = 0.002), and CD8 to Treg ratio correlated
inversely with tumor size (r = —0.804; P = 0.007).

Conclusions: TAL and high Treg frequency in primary thyroid tumors correlates with more ag-
gressive disease. Future prospective studies may identify Treg frequency as a predictive factor in
PTC, and the suppressive effects of Treg should be considered in the design of immune-based
therapies. (J Clin Endocrinol Metab 95: 2325-2333, 2010)

hyroid carcinoma is the most common endocrine ma-
lignancy. The incidence of thyroid cancers increased
more than 2-fold between 1973 and 2002, and this was
attributed entirely to an increase of papillary thyroid can-
cer (PTC) (1). The 5-yr survival rate for patients with thy-
roid cancer is 97 %; however, prognosis worsens with age,
such that the survival rate of patients 65 and older is re-
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duced to 87% (2). Although the prognostic significance of
lymph node (LN) metastases in PTC is somewhat contro-
versial, a recent study found that patients with evidence of
nodal metastases had a higher risk of mortality (3). In
patients 45 yr of age or older, LN involvement increases
the risk of both recurrence and mortality (3,4). Despite the
overall success of current therapies, 10-30% of patients

Abbreviations: iTreg, inducible Treg; LI, lymphocytic infiltration; LN, lymph node; nTreg,
natural Treg; PTC, papillary thyroid cancer; TAL, tumor-associated lymphocytes; Treg,
regulatory T cell; Tregs, regulatory T cells; VEGF, vascular endothelial growth factor.
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develop recurrence and/or metastases (5). Novel adjuvant
therapies could reduce recurrence rates and the need for
additional surgery.

Lymphocytes are frequently found within and sur-
rounding primary thyroid tumors (6, 7). Previous studies
suggest that the presence of a local inflammatory response
predicts a more favorable prognosis for patients with PTC
(3, 8, 9). Although tumor size and LN metastases did not
correlate with the presence of lymphocytes, extrathyroidal
invasion was significantly reduced in patients that showed
evidence of lymphocytic infiltration (LI) (8). Patients with
LN involvement or invasive tumors but no LI had a slightly
higher rate of recurrence (8). Similarly, in a recent retro-
spective study, thyroid cancer patients with LI were found
to have a more favorable rate of survival (3). In PTC pa-
tients 21 yr or younger, an increased number of prolifer-
ating lymphocytes correlated with improved disease-free
survival (9). T cells, B cells, and NK cells were found near
or within these tumors (10); however, additional studies
are necessary to understand the role of specific lymphocyte
subsets in PTC.

CD4" T cells are central to the successful orchestration
of the immune response. Naive CD4™ T cells differentiate
into one of at least four functionally distinct fates (i.e. Th1,
Th2, Th17, and Tregs) depending upon the presence of
key cytokines and the expression of specific transcrip-
tion factors (11). Regulatory T cells (Tregs) are com-
monly enriched within primary tumors, draining LN,
and peripheral blood of cancer patients (12-17). An
increased frequency of Tregs have been associated with
poor prognosis in many cancers, including ovarian,
breast, and lymphoma (18-22). In general, Tregs are
identified as CD4"CD25"CTLA-4"FoxP3™ T lympho-
cytes. FoxP3™" Tregs have been classified into two catego-
ries based on their origin and may exert their suppressive
function via distinct mechanisms (23). CD25"FoxP3™"
cells are commonly identified as natural Tregs (nTreg),
which originate in the thymus. FoxP3 " expression may be
induced in peripheral naive CD4"CD25~ T cells under
suboptimal activation conditions and in the presence of
TGFB(23-25). BothnTregand inducible Tregs (iTreg) are
thought to contribute to tumor-specific T cell tolerance
(26). Direct targeting of Tregs via CD25- or CTLA-4-spe-
cific therapies has lead to improved tumor immunity and,
in some cases, clinical benefit (19, 27, 28).

In this study, we investigated whether the type of im-
mune response generated to PTC correlates with disease
severity. Our data revealed that patients with tumor-as-
sociated LI presented with more aggressive disease when
compared with patients with concurrent thyroiditis or no
LI. Analysis of specific lymphocyte subsets revealed, for
the first time, that Tregs are consistently found within and

J Clin Endocrinol Metab, May 2010, 95(5):2325-2333

surrounding thyroid tumors, and their frequency corre-
lates with disease severity. These data suggest that Treg
frequency may be a useful diagnostic marker in determin-
ing PTC severity and treatment regimen.

Materials and Methods

PTC patients, PTC staging, and disease parameters

PTC patients seen at the University of Colorado Hospital
between 2002 and 2007 were selected randomly for this study.
Patient sample analysis was retrospective and was performed
after Internal Review Board approval. Although sections of ar-
chived primary thyroid tumors were revaluated to assess LI, pre-
vious pathology reports provided data on tumor type, tumor
size, invasion, and LN metastases. This group included 56 con-
ventional PTC and 44 PTC variants. The variants include 37
follicular, four mixed follicular and papillary, one mixed follic-
ular and insular, one mixed follicular and tall cell, and one solid
variant. Standard American Joint Committee on Cancer (29)
tumor-node-metastases scoring was used for PTC staging. Pa-
tients were categorized as positive or negative for invasion, LN
metastases, and autoantibody production as follows. Tumors
considered positive for invasion showed disruption of capsule
barrier and/or extrathyroidal extension. Positive LN were de-
termined by pathological examination of clinically suspicious
nodes. Percent LN metastases was calculated as the number of
patients with evidence of positive LN at the time of surgery di-
vided by the total number of patients in each group. Serum thy-
roglobulin and thyroid peroxidase autoantibody levels for pa-
tients at the University of Colorado Hospital were determined
using a sequential immunoenzymatic sandwich assays (Access
immunoassay; Beckman Coulter, Fullerton, CA). Laboratory re-
sults were reviewed in each patient’s medical record, and values
above the respective reference range were reported as positive.
The percentage of patients positive for autoantibody was deter-
mined as the number of patients positive for at least one auto-
antibody (thyroglobulin or thyroid peroxidase) divided by the
total number of patients tested in each group.

LI scoring

Archived hematoxylin- and eosin-stained thyroid tissue sec-
tions from 100 PTC patients were independently reviewed for
the presence of background lymphocytic thyroiditis or tumor-
associated lymphocytes (TAL) in the absence of thyroiditis. The
tumor, the surrounding tissue immediately adjacent to the tu-
mor, and normal thyroid tissue were reviewed for the presence of
lymphocytes. Specimens containing lymphocytic inflammation
within the normal thyroid tissue were designated as background
lymphocytic thyroiditis. These tissues had at least one and often
multiple dense lymphoid aggregates in the surrounding normal
thyroid parenchyma. Tumor-associated LI, in the absence of
concurrent lymphocytic thyroiditis, was defined as consisting of
single cells, lymphocytic aggregates (=10 lymphocytes in close
proximity), or both, and the relationship of each aggregate to the
tumor (i.e. intratumoral or peritumoral) was documented. Peri-
tumoral tumor-associated inflammation was considered to be
lymphocytes in the immediately adjacent fibrous tissue or tumor
capsule. The extent of LI was scored from 1-5, with a score of 5
indicating extensive infiltration: 1, single lymphocytes in the
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peritumoral region; 2, lymphocyte aggregates in the peritumoral
region; 3, intratumoral single lymphocytes with or without lym-
phocytes in the peritumoral region; 4, fewer than 10 intratu-
moral aggregates with or without peritumoral lymphocytes; and
5, 10 or more intratumoral aggregates with or without peritu-
moral lymphocytes. Assessment of tissue lymphocytes was in-
dependent of knowledge of disease status.

Antibodies

Antibodies specific for human CD3 (SP7), CD4 (4B12), CD8
(4B11), CD20 (L26), CD25 (4C9), and CD16 (2H7) were pur-
chased from Vector Laboratories (Burlingame, CA). Anti-FoxP3
(PCH101) was purchased from eBioscience (San Diego, CA).
Goat antimouse IgG1-AF647, antimouse IgG2a-AF488, anti-
mouse IgG2a-AF546, antimouse IgG2b-AF488, antirabbit-
AF546, and streptavidin-AF594 were purchased from Invitrogen
(Molecular Probes, Eugene, OR). Goat antirat-biotin was pur-
chased from Jackson ImmunoResearch (West Grove, PA). Anti-
TGFB (1D11; R&D Systems, Minneapolis, MN) and anti-vascular
endothelial growth factor (anti-VEGF) (A20, rabbit; Santa Cruz
Biotechnology, Santa Cruz, CA) were detected by standard immu-
nohistochemistry methods.

Immunohistofluorescence and
immunohistochemistry

Lymphocyte subsets and tumor-mediated cytokine produc-
tion were assessed in a subset of 10 PTC patients with TAL using
standard immunobhistofluorescence or immunohistochemistry
methods. Tissue blocks were cut into 4-um sections for analysis.
After dewaxing in xylene, tissues were hydrated in decreasing
concentrations of ethanol. Antigen retrieval was performed us-
ing the Decloaking Chamber (Biocare Medical, Concord, CA) in
10 mM sodium citrate buffer (pH 6.0, 0.5% Tween 20) at 120 C
for 5 min. Samples were subsequently cooled for 30 min and
blocked with 10% goat serum for 2 h at room temperature,
followed by a standard avidin/biotin block (0.002%) for endog-
enous biotin.

Lymphocyte subsets were detected with antibodies specific
for CD20 (1:200), CD16 (1:100), CD3 (1:200), CD8 (1:100),
CD4 (1:100), FoxP3 (1:200), and CD25 (1:100) in two-color or
three-color combinations. Primary antibodies were incubated
overnight at 4 C and detected with fluorescently tagged second-
ary antibodies (1 h at room temperature). All secondary anti-
bodies were used at a 1:800 dilution. FoxP3-specific antibody
was detected with a biotinylated antirat secondary antibody fol-
lowed by streptavidin-AF594 (1:400). Nuclei were counter-
stained with 4’,6-diamidino-2-phenylindole dihydrochloride
(Sigma Chemical Co., St. Louis, MO). For immunohistochem-
istry, antibodies specific for human VEGF and TGFp were de-
tected using the R.T.U. Vectastain Universal Elite ABC kit and
ImmPact diaminobenzidine peroxidase substrate (Vector) and
counterstained with Mayer’s hematoxylin (Sigma). Tissue sec-
tions incubated with secondary antibody alone served as nega-
tive controls. Fluorescent images were obtained at X10 and X60
using the Spinning Disk IX81 microscope (Olympus, Center Val-
ley, PA) and Slidebook software (Intelligent Imaging Innova-
tions, Inc., Denver, CO). Immunohistochemistry images were
obtained at X20 using the Zeiss Axiovert 135 microscope and
AxioVison software. Protocols were optimized using sections of
LN for lymphocyte subsets or the mouse 4T1 breast carcinoma
cell line, which is known to express VEGF and TGFB.
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Lymphocyte subset quantification

Lymphocyte aggregates were imaged at X60 magnification. A
minimum of four and a maximum of 10 aggregates were imaged.
Tumor-associated CD20™",CD3%,CD4"CD3",CD8"CD3%,and
CD4*CD25 FoxP3™ lymphocytes were counted manually using
Image] software (National Institutes of Health, Bethesda, MD).
The number of cells counted for each lymphocyte subset ranged
from 70-4800 depending on the frequency of the subset and the
extent of LI in each sample. The CDS8 to Treg ratio was determined
by quantifying total CD8"CD3" and CD4 "FoxP3™ lymphocytes
in the same fields of view. The CD20 to CD3 ratios were calculated
from raw counts. T cell subset frequencies were determined from
two separate stains, and the mean value was calculated. Relative
subset frequencies were assessed by two independent investigators
(J.D.F. and D.L.F.), and the mean of two analyses is presented.

Statistical analysis

Investigators were blinded to pathological information at the
time of analysis. Patient groups were compared using the Mann-
Whitney ¢ test, x*, or Fisher’s exact test. The frequencies of lym-
phocyte subsets were assessed for correlation with parameters of
disease by calculating the Spearman correlation coefficient (r).
Analysis was performed using GraphPad Prism 5.0b software.
P values <0.05 were considered statistically significant.

Results

Tumor-associated LI and disease severity in PTC
patients

Although previous studies have assessed the incidence
of LI in PTC, most of these analyses did not distinguish
background lymphocytic thyroiditis from TAL. We ana-
lyzed thyroid specimens taken from 100 patients with PTC
patients to determine the frequency of patients that exhibit
TAL in the absence of background thyroiditis. Each sam-
ple was reassessed for LI and, if present, was characterized
as TAL with or without the presence of thyroiditis. Sixty-
one percent of tissue specimens showed evidence of LI. As
shown in Fig. 1A, the presence of generalized LI had no
effect on disease stage. To determine the effects of TAL
independent of background thyroiditis, patients were sub-
divided into three groups: 39% of samples showed no
evidence of LI (group I), 37% exhibited background thy-
roiditis (group III, Fig. 1B), and 24% revealed TAL in the
absence of thyroiditis (group II, Fig. 1C). Although disease
severity was similar in patients without LI and those with
background thyroiditis, patients with TAL had signifi-
cantly higher-stage disease (Fig. 1B). Higher-risk disease
(stages 3 and 4) was more common in patients with TAL
(33%) compared with those who had no LI (13%) or
background thyroiditis (16%). Moreover, patients with
TAL exhibited a higher incidence of invasive tumors
and LN metastases compared with the other two groups
(Table 1). Of note, more aggressive tumor subtypes did
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FIG. 1. Tumor-associated LI and disease severity. Hematoxylin and eoxin stains of thyroid tissue sections from 100 PTC patients were reanalyzed
for LI. A, PTC stage was compared between patients with or without LI; B and C, representative hematoxylin and eosin images are shown from
patient with lymphocytic thyroiditis (B) or tumor-associated lymphocytes (C); D, samples were grouped based on the absence of lymphocytes (No
Ll), the presence of TAL in the absence of thyroiditis, or the presence of lymphocytes with background thyroiditis (LT), and disease stage was
compared for each group; E and F, 24 patients with TAL were grouped based on lymphocyte localization and compared for tumor size (E) and the
percentage of patients with invasive tumors (F, P = 0.189) or LN metastases (F, P = 0.679).

not account for the observed correlation between TAL
and disease severity (data not shown). Forty-four percent
of these tumors were PTC variants, the majority of which
were follicular variants (41 of 44). PTC variants were
more frequent in groups I (54%) and II (49 %) compared
with group I (21%). Three patients with tall cell, insular,
or solid tumor variants were assigned to groups I, II, and
ITI, respectively. These tumors were neither invasive nor
metastatic.

To determine whether the extent of TAL was associated
with disease severity, we scored each patient sample for
both relative lymphocyte frequency and peritumoral
and/or intratumoral localization (data not shown). 50%
of tumors displayed extensive LI, with multiple, intratu-
moral aggregates (grade 4, n = 7; grade 5, n = 5). In the
remaining tumors, LI was confined to the peritumoral re-
gions or was evident as diffuse intratumoral lymphocytes
(grade 1, n = 1; grade 2, n = 7; grade 3, n = 4). No
significant correlation was observed between LI grade and
disease stage (r = 0.349; P = 0.094). When patients were
separated based on the presence of only peritumoral LI
(grades 1 and 2) vs. the presence of intratumoral lympho-
cytes (grades 3-5), no statistically significant correlations
with tumor size (Fig. 1E), invasiveness, or LN metastases
(Fig. 1F) were observed. However, invasive tumors were
more common in patients with intratumoral LI (seven of
16) compared with those with peritumoral LI (one of
eight, Fig. 1F).

Lymphocyte subset frequency in PTC patients with
TAL

To define the types of lymphocytes found in association
with PTC, we analyzed primary tumors from 10 patients
with evident TAL by immunohistofluorescence. These
patients exhibited extensive LI (grade 4 or 5, Table 2),
with lymphocytes present as peritumoral (Fig. 2A) and in-
tratumoral (Fig. 2, B and C) aggregates and as single cells or
multicellular foci (Fig. 2D). We identified CD20" B
cells, CD47CD3™ T cells, and CD8TCD3™ T cells both
within and surrounding thyroid tumors. To determine
the relative frequencies of lymphocyte subsets, we im-
aged lymphocyte aggregates at high magnification (Fig.
2E) and manually counted each cell type within these
aggregates. CD16" NK cells were consistently found
in low frequency and were not quantified (data not
shown). As shown in Table 2, the ratio of B cells to T
cells varied significantly between patients. CD4™ T cells
consistently represented the majority (54-83%) of the
CD3" population, whereas CD8™ T cells accounted for
13-39% of CD3™ cells (Table 2). Comparison of rela-
tive lymphocyte subset frequency with individual dis-
ease parameters revealed that patients with relatively
high levels of tumor-associated CD4 " T cells presented
with larger tumors (Fig. 3, panel 1). Although CD8" T
cell frequency showed a modest inverse correlation with
tumor size, this association was not statistically signif-
icant (Fig. 3, panel 2).
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TABLE 2. Disease parameters and lymphocyte subset frequency for 10 PTC patients with TAL
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LN metastases are displayed as the number of pathologically involved nodes/total number of nodes examined. —, No invasion; +, minimal extrathyroidal invasion; 4+, extensive extrathyroidal

invasion; F, female; M, male.

J Clin Endocrinol Metab, May 2010, 95(5):2325-2333

lymphocytes within and/or surrounding papillary thyroid
tumors correlates with more severe disease. Our findings
contrast previous correlations between LI and reduced in-
vasion, reduced disease recurrence, and increased survival
(3, 8). These studies did not distinguish between TAL and
background lymphocytic thyroiditis or relied on existing
clinical pathology reports without independent review. Of
note, we found no significant difference in disease stage
between patients with or without LI when autoimmune
and tumor-associated LI were grouped together. Thus, the
milder phenotype of PTC patients with concurrent thy-
roiditis (i.e. reduced tumor size, invasion, and metastasis)
mitigated the more aggressive phenotype of patients with
TAL. Our analyses suggest, not surprisingly, that autoim-
mune and tumor-specific immune responses are distinct
and should be assessed separately.

A detailed analysis of the immune cells responding to
PTC revealed that lymphocyte subsets differentially pre-
dict disease severity in patients with PTC. CD4" T cells
constituted the majority of tumor-associated T cells and
increased CD4 " T cell frequency correlated directly with
tumor size. CD4 "FoxP3 " Tregs were consistently present
within lymphocytic aggregates, and their frequency
showed the strongest correlation with disease severity.
The accumulation of Tregs in PTC may explain the ob-
served negative association between the presence of LI and
disease severity. Tregs not only inhibit the ensuing tu-
mor immune response but also encourage tumor pro-
gression through TGFB-induced expression of potent
angiogenic factors, such as VEGF, within the tumor en-
vironment (33, 34). Thus, CD4 ™" T cell polarization likely
plays an important role in immune regulation of PTC. We
predict that PTC patients with more severe disease may
generate a less productive antitumor CD4™" T cell response
(i.e. Th2 and Treg), whereas patients capable of mounting
a protective Th1 or Th17 response may exhibit less severe
disease even in the presence of suppressive Tregs.

TAL were present in nearly one quarter of the patients
in the current study. The immune response in the majority
(83%) of these patients was extensive, with multiple, large
lymphocytic aggregates within and/or surrounding the
tumor. Despite this aggressive response, the tumor had
successfully evaded destruction. Our studies identify
Treg recruitment and induction as one potential mecha-
nism of immune evasion. Although TGFB and/or VEGF
expression within the tumor did not correlate with
CD25 FoxP3 " iTreg frequencies in our small patient sub-
set, these cytokines likely contribute to an overall immune-
suppressive environment that fosters FoxP3 expression
and Treg induction. In line with this theory, although
14.8% of patients with no evident LI produced thyroid-
specific antibodies, none of the patients with TAL ex-
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FIG. 2. Lymphocyte subset analysis in PTC patients with TAL. Archived thyroid tissues from 10
PTC patients with evidence of TAL were stained for key lymphocyte markers using standard
immunohistofluorescence techniques. A-C, Both peritumoral (A) and intratumoral (B and C)
lymphocyte aggregates are shown at X 10 magnification; D, lymphocyte aggregates were
imaged at x60 for quantification; E, lymphocytes were also found as single cells or multicellular
clusters within the tumor. Nuclei were counterstained with 4’,6-diamidino-2-phenylindole
dihydrochloride (blue). The nuclei of PTC cells are characterized by their grooved appearance and
were easily distinguished from infiltrating lymphocytes (E). CD25* and CD25~CD4*FoxP3™ Tregs
were identified within lymphoid aggregates (LA) and within the tumor (PTC, F). Arrows designate
thyroid tumor cells (A-D) and CD25~ Tregs (F). Nonspecific, noncellular staining was due to

antibody interactions with residual follicular colloid proteins.

pressed autoantibodies (Table 1). Thus, PTC-mediated
immune suppression may extend to the humoral response.
Additional studies are necessary to determine whether the
tumor environment supports the generation of myeloid-
derived suppressor cells and/or modulates dendritic cell
maturation. Both CD68" and CD11b" macrophages
have been identified in human thyroid cancers and RP3
murine tumors (35, 36), and increasing frequencies of
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CD68™" macrophages were found in
more aggressive dedifferentiated and
anaplastic thyroid cancers (36). CD1a™
immature dendritic cells are also
present in PTC; however, in contrast
to macrophages, dendritic cell fre-
quency was reduced in poorly differ-
entiated and anaplastic thyroid can-
cers (37). Although the function of
these cells has not yet been ad-
dressed, our data suggest that the tu-
mor environment in PTC is highly
immune suppressive, with multiple
mechanisms at work.

Although Tregs have been studied
in other endocrine-related malignan-
cies, we are the first to identify these
cells in thyroid tumors. In prostate
cancer, Tregs are enriched in both
peripheral blood and tumor-infil-
trating lymphocytes; however, Th17
cell frequency may be a more useful
predictive factor (17, 38, 39). Treg
frequency is increased in ovarian and
breast cancer patients, correlates
with higher tumor grade, and may be
a valuable tool for assessing disease
prognosis (14, 15, 20). Of interest, recent studies revealed
that accumulation of Tregs in the sentinel LN of breast
cancer patients correlates with the presence of metastases
within these nodes (40). It remains to be determined
whether Treg frequency in regional LN will correspond
with the presence of local metastases, distant metastases,
or recurrence in thyroid cancer patients.
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FIG. 3. Correlation analysis of subset frequency and disease severity. Lymphocyte aggregates in 10 PTC samples were imaged at X60
magnification. CD4*, CD8™, and CD4*FoxP3™" subsets were quantified, and relative frequencies were analyzed for correlation with tumor size and
LN metastases. Spearman correlation coefficient (r) and P values are shown. The correlation between CD8 to Treg ratio and tumor size remains

statistically significant when patient 10 is omitted (r = —0.729; P = 0.031).
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In summary, we show, for the first time, that Tregs are
present in PTC and may promote more aggressive disease.
Furthermore, the relative frequency of Tregs in compari-
son with total CD4" T cells and CD8" T cells may be a
useful tool in predicting disease severity in PTC patients.
Future prospective, longitudinal studies are necessary to
determine the predictive value of Tregs in thyroid cancer.
Ten to 30% of PTC patients develop recurrent disease,
most commonly in regional LN (5). Although many PTC
patients respond well to current treatment strategies, pa-
tients with recurrent LN metastases and those resistant to
radioactive iodine therapy may benefit from immune-
based therapies. Thyroid cancers provide an ample source
of tumor-specific antigens that could be manipulated in
tumor vaccine strategies; however, the ability of PTC to
suppress and evade the immune response suggests that
standard tumor vaccine strategies would not likely suc-
ceed. The presence of Tregs and other barriers to immune
function must be considered when designing such
therapies.
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