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Context: Recurrent metastatic lymph node (LN) disease is common in patients with papillary thyroid
cancer (PTC). Novel prognostic markers may be helpful in guiding a therapeutic approach. Our
previous studies revealed that immune suppression is evident in PTC and associated with more
severe disease.

Objective: To characterize the immune response to metastatic PTC, we assessed CD4� T cell po-
larization in LN. In addition, we investigated the role of programmed death-1 (PD-1) and T cell
exhaustion.

Design: Uninvolved (UILN) and tumor-involved lymph nodes (TILN) were sampled ex vivo by fine-
needle biopsy. T cell subsets were identified by flow cytometry. In parallel, archived TILN specimens
were characterized by immunofluorescence.

Setting: The study was conducted at the University of Colorado Hospital.

Patients: Data were collected on 94 LN from 19 patients with PTC undergoing neck dissection.

Main Outcome: T cell subset frequencies were compared in UILN and TILN and assessed for cor-
relation with recurrent disease and extranodal invasion.

Results: Regulatory CD4� T cells (Treg) were enriched in TILN compared with UILN and further
elevated in TILN from patients with recurrent disease. PD-1� T cells were present at high frequency
in TILN and markedly enriched in TILN that showed evidence of extranodal invasion. In TILN, Treg
frequency correlated with PD-1� T cell frequencies. Although PD-1� T cells produced interferon-�,
they failed to fully down-regulate CD27 and were not actively proliferating.

Conclusions: Increased Treg and PD-1� T cell frequencies in LN may be indicative of aggressive
recurrent PTC. Future prospective studies are necessary to determine the prognostic and thera-
peutic value of these findings in PTC. (J Clin Endocrinol Metab 97: E934–E943, 2012)

The incidence of papillary thyroid cancer (PTC) is in-
creasing (1). Despite the success of current therapies,

20–30% of PTC patients that have undergone primary
thyroidectomy develop recurrence and/or metastases,

most commonly in the locoregional lymph nodes (LN),
requiring additional surgical intervention with increased
morbidity and expense (2, 3). The extent of surgical LN
dissection and use of adjuvant radioiodine therapy are still
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highly debated in the management of patients with PTC.
Identification of novel prognostic markers would be help-
ful in predicting the risk of disease recurrence and deter-
mining the extent of neck dissections or therapy needed to
avoid persistent disease. Furthermore, patients with ad-
vance disease would benefit from novel adjuvant thera-
pies. Our studies were designed to characterize the im-
mune response in LN of patients with PTC, with the goal
of identifying immune-relevant prognostic markers and
targets for immune-based therapies.

Previous work by our laboratory revealed that tumor-
associated lymphocytic infiltration is associated with
more severe disease (4). Thus, despite the presence of a
tumor-directed immune response, the host immune sys-
tem is unsuccessful in eliminating the tumor and may even
promote disease progression. In support of this theory, we
found that increasing frequencies of CD25� Forkhead box
(Fox) P3 regulatory CD4� T cells (Treg) correlated with a
higher degree of LN metastasis in patients with PTC (4).
Increased Treg frequencies in the peripheral blood, tumor,
and lymph node have been associated with poor prognosis
in other types of cancer (5–9). In addition to Treg, naive
CD4� T cells can differentiate into at least three function-
ally distinct fates, Th1, Th2, or Th17, depending on the
presence of key cytokines and the expression of specific
transcription factors (10). Th1 polarization, which is
characterized by the production of interferon (IFN)-� and
supports the cytotoxic CD8� T cell response, is known to
promote tumor elimination (11). In contrast, a Th2 re-
sponse, characterized by IL-4 production, is generally less
protective and may encourage tumor progression (12).
Both the antitumor and protumor properties of Th17 cells
have been described, depending on the type of cancer and
the stage of tumor development (13, 14). CD4� T cell
polarization has not been assessed in patients with PTC.

T cell exhaustion is gaining support as an important
mechanism of immune evasion in the tumor microenvi-
ronment (15). CD4� and CD8� T cell exhaustion were
first characterized in models of chronic viral infections as
a result of prolonged antigen exposure (16, 17). These cells
display reduced proliferative potential and lose the ability
to produce IL-2, TNF�, and IFN� (17, 18). Exhausted T
cells are characterized by sustained expression of inhibi-
tory molecules, including programmed death-1 (PD-1),
and a unique expression pattern of activation markers and
cytokine receptors (19). For example, these cells fail to
down-regulate CD27, which is normally reduced on ac-
tivation. PD-1� T cells are enriched in tumors from pa-
tients with melanoma, renal cell carcinoma, lung cancer,
prostate cancer, and ovarian cancer (20–24). The pres-
ence of PD-1� tumor-infiltrating T cells in renal cell car-
cinoma correlated with more severe disease (22). In mel-

anoma, and ovarian cancer, tumor-associated PD-1�

CD8� T cells were defective in their ability to produce IL-2
and IFN� (20, 21).

To further define the T cell response in metastatic PTC,
we sampled LN after surgical excision by fine-needle bi-
opsy (FNB). We assessed both CD4� T cell polarization
and signs of T cell exhaustion by flow cytometry and im-
munofluorescence. These studies are the first to charac-
terize T cell phenotype in PTC and the first to investigate
PD-1 and T cell exhaustion in metastatic LN.

Materials and Methods

Patients
Patients with PTC undergoing primary thyroidectomy and

neck dissection or neck dissection for recurrent disease at Uni-
versity of Colorado Hospital between 2008 and 2010 were of-
fered enrollment in this study. Patient sample analysis was per-
formed following internal review board approval. LN from a
total of 25 patients provided samples for this study. All patients
with primary PTC were assessed for histological evidence of con-
current lymphocytic thyroiditis (LT). LT was assessed on a five-
point semiquantitative scale: minimal (�10 lymphocytes), mild
(50–100 lymphocytes), moderate (�100 lymphocytes), and se-
vere (large confluent aggregates with frank germinal center for-
mation). Patients scored as having moderate to severe LT were
excluded from our analysis. Fifty-two percent of patients were
tested for antithyroglobulin (Tg)/antithyroperoxidase (anti-
TPO) levels. Seven of 14 patients categorized as minimal to mild
were tested and only one patient (14%) was considered positive
for anti-Tg. Six of 11 patients categorized as moderate to severe
were tested, and three patients (50%) were considered positive
for anti-Tg and/or anti-TPO.

The final PTC group included nine conventional PTC and five
follicular variants of PTC (FVPTC). One conventional PTC pa-
tient (T1N0M0) displayed Hurthle cell features. The mean age
was 44 � 17 yr, and there were 10 females and four males in the
group. Five tumor-involved lymph nodes (TILN) from one
FVPTC patient with moderate PD-1� T cell frequency were ex-
cluded from T cell polarization analysis due to lack of corre-
sponding Treg data. Five patients undergoing a secondary neck
dissection for recurrent disease at least 1 yr after their primary
surgery were also included in this study. All patients with recur-
rence were female with the average age of 43 � 8 yr.

Standard American Joint Committee on Cancer (sixth edi-
tion) tumor node metastasis scoring was used for PTC staging
(25). Pathology reports provided data on tumor type, tumor size,
invasion, and LN metastases. Hematoxylin and eosin stains of
LN sections were reevaluated to assess the presence, size, and
invasiveness of tumor metastases. LN samples positive for ex-
tranodal invasion showed evidence of tumor penetration of the
fibrous connective tissue capsule and the presence of metastatic
tumor in extranodal soft tissue.

Fine-needle biopsies
LN were dissected from the submitted neck tissue by the pa-

thologist (G.R.K. or S.S.). Lymphocytes were obtained from LN
by FNB using a 25-gauge needle and 5-ml syringe. The needle
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was inserted into the tissue and pulsated in multiple directions to
obtain a representative sample. Three milliliters of culture media
were added to the open syringe, and the plunger was used to push
the media and cells into a collection tube. Up to 8 LN were
sampled from each patient. LN were inked with distinct colors
and logged, allowing for later histological analysis. Each node
was defined as uninvolved or involved and the size and invasive
characteristics of metastases were noted. The number of samples
generated was limited by the ability to detect LN in the specimen
by gross analysis, the size of the LN, and the amount of lymphoid
tissue remaining in the node. Biopsy specimens were cultured
overnight at 37 C in RPMI 1640 containing L-glutamine, 5%
fetal bovine serum, 20 U/ml penicillin, and 20 �l/ml streptomy-
cin. Because cell number was limiting in these fresh biopsies, we
were unable to count or assess viability. Those samples that
showed visual evidence of poor lymphocyte yield or viability
were omitted from further analysis.

Flow cytometry
Lymphocytes obtained from LN biopsies were activated for

4 h with 50 ng/ml phorbol 12-myristate 13-acetate (Sigma, St.
Louis, MO) and 0.5 �g/ml ionomycin (Sigma) in the presence of
GolgiPlug (1:500; BD Biosciences, Franklin Lakes, NJ) and har-
vested in PBS/1% fetal bovine serum/0.1% sodium azide for
staining. Cells were preincubated with FcR� block (eBioscience,
San Diego, CA); stained with antibodies specific for CD3, CD4,
and CD8; washed; and split for subsequent staining. Samples
were stained for CD25 or PD-1, CD27, and CD45RA, washed,
resuspended in 1� fixation/permeabilization buffer (eBiosci-
ence), and incubated overnight at 4 C. Cells were transferred into
1� permeabilization buffer (eBioscience) and stained for intra-
cellular FoxP3, cytotoxic T lymphocyte-associated antigen 4,
IL-4, and IL-17 or IFN�. Cells were fixed with 1% paraformal-
dehyde and analyzed with the Gallios flow cytometer (Beckman
Coulter, Fullerton, CA). Single-color controls were generated
with matched fluorochrome-conjugated antibodies and Comp-
Beads (BD Biosciences). Data were processed using Flowjo soft-
ware (Tree Star, Inc., Ashland, OR). Viable lymphocytes were
gated according to light scatter. On average, we collected 4.3 �
104 live lymphocyte events and 2.6 � 104 CD3� events. Due the
heterogeneity of these fresh, unsorted samples, the number of T
cells analyzed was variable. Gating strategies were determined
using peripheral blood lymphocytes. Subset frequencies were de-
termined as the percentage of CD4� or CD8� T cells. Research-
ers were blinded to clinical characteristics and LN involvement
during data analysis.

Immunofluorescence
LN specimens were formalin fixed and paraffin embedded

after FNB and 4-�m tissue sections were prepared. Tissue sec-
tions were deparaffinized and rehydrated in ethanol using stan-
dard protocols. Antigen retrieval was performed in 10 mM citrate
buffer (pH 6; 5 min, 120 C) in the decloaking chamber (Biocare
Medical, Concord, CA). Tissues were blocked with 5% normal
goat serum plus 1% BSA in PBS for 1 h at room temperature and
stained with primary antibodies overnight at 4C (anti-PD-1,
1:50; Abcam, Cambridge, MA; anti-Ki67, 1:100; Invitrogen,
Carlsbad, CA). Staining was detected with goat antibodies
against mouse IgG1-AF647 and rabbit IgG-AF546 (PD-1/Ki67;
Invitrogen). Tissues were counterstained with 4�,6�-diamino-2-
phenylindole for 20 min at room temperature and mounted with

Fluoromount-G (SouthernBiotech, Birmingham, AL). Fluores-
cent images were obtained at �10 and �60 using the Spinning
Disk IX81 microscope (Olympus, Tokyo. Japan) and Slidebook
software (3i, Inc., Denver, CO). Ki67�/PD-1� lymphocytes were
quantified using ImageJ software (National Institutes of Health,
Bethesda, MD). For each TILN, a minimum of eight represen-
tative images was captured in areas in which PD-1� T cells were
evident. Total PD-1� and Ki-67�PD-1� counts were combined
from all fields, and the percentage of Ki67�PD-1� cells of total
PD-1� lymphocytes was calculated. PD-1� lymphocyte counts
ranged from 109 to 652.

Antibodies
Anti-CD3-alexafluor-700 (UCHT1), anti-CD4-fitc (RPA-

T4), anti-FoxP3-PE (PCH101), anti-IL-4-PE-Cy7 (8D4-8), and
anti-IL-17A-alexafluor-647 (eBio64DEC17), anti-IFN�-PerCP-
Cy5.5 (4S.B3), anti-CD45RA-PE (HI100), anti-CD27-PE-Cy7
(LG.7F9), and anti-CLTA-4-biotin (14D3) were purchased from
eBioscience. Anti-PD-1-AF647 (EH12.1) and anti-CD25-APC-
Cy7 (M-A251) were purchased from BD PharMingen (San Di-
ego, CA). Anti-CD8-Pacific Orange (MHCDO830) was pur-
chased from Invitrogen.

Statistical analysis
To determine the statistical significance of interval data, we

used the Mann Whitney nonparametric t test. Correlations be-
tween lymphocyte subset frequencies were determined by cal-
culating the Spearman correlation coefficient. The level of sta-
tistical significance, with 95% confidence, was adjusted using
the Bonferroni correction for each analysis.

Results

Treg are enriched in TILN and further increased in
patients with recurrent disease

To investigate the immune response in patients with
metastatic PTC, we biopsied LN from patients with PTC
undergoing primary thyroidectomy and neck dissection
for suspected LN involvement. Eleven of the 25 patients

TABLE 1. Clinical summary of LN biopsy patients

Number of
patients

Number of
LN analyzed

UILN TILN
PTC with LT 11 63 5
PTC without LT 14 38 28

PTC 9 23 24
FVPTC 5 15 4
pN0 6 16 n/a
pN1 8 22 28

Central neck (N1a) 12 21
Lateral neck (N1b) 10 7

Stage I 9 24 20
Stage II 0 0 0
Stage III 4 5 5
Stage IV 1 9 3

PTC with recurrent LN disease 5 13 15
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sampled were determined to have LT. Of the 342 LN re-
moved from patients with LT, only 12 contained meta-
static tumor (3.5%, data not shown). As shown in Table
1, we obtained biopsy samples from 63 uninvolved tumor-
involved LN (UILN) and only five TILN. This discrepancy
in sample size precluded analysis of TILN in LT patients.

Furthermore, previous data from our group suggest that
the immune response in patients with LT is distinct from
the antitumor response in PTC patients (4). To character-
ize the tumor-directed immune response, we sampled
UILN and TILN from patients who showed no histolog-
ical evidence of LT. Biopsies were obtained from 14 PTC

FIG. 1. Analysis of T lymphocyte polarization in UILN and TILN by flow cytometry. Biopsies were obtained from UILN and TILN, and T cell subsets
were analyzed by flow cytometry. A, A representative sample and the gating strategy is shown. B, CD4� and CD8� T cell subset frequencies were
compared in UILN and TILN from patients with primary PTC. C, T cell subset frequencies were compared in TILN from patients with primary disease
(PTC) and recurrent PTC (rPTC). D, Treg frequencies were compared in primary and recurrent patients in both TILN and UILN. Mean � SEM is
shown. Values of P � 0.01 were considered significant.
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patients, eight of whom had metastatic disease (pN1, Ta-
ble 1). In total, 330 LN were removed from these patients,
and 73 of these were determined to contain metastatic
PTC (22.1%, data not shown). Of these potential speci-
mens, 94 LN were sampled and 38 UILN and 28 TILN LN
generated adequate samples for our analysis.

Lymphocytes recovered from LN were activated in
vitro and analyzed by flow cytometry. As shown in Fig.
1A, CD4� T cells were assessed for their expression of
IFN� (Th1), IL-4 (Th2), IL-17 (Th17), and FoxP3 (Treg).
FoxP3� CD4� Treg consistently expressed CD25 and cy-
totoxic T lymphocyte-associated antigen 4 (Fig. 1A).
CD8� T cells were assessed for intracellular expression
of IFN� (Fig. 1A). On average, IFN��CD8�, but not
IFN��CD4�, T cells were enriched in TILN compared
with UILN (Fig. 1B). Th2 cell frequency was not signifi-
cantly different in UILN and TILN (Fig. 1B). Th17 cells
were found at low levels in the majority of UILN and

TILN; however, a small subset of TILN showed evidence
of Th17 polarization (�5% of CD4� T cells, Fig. 1B).
CD4�FoxP3� Treg showed the most significant increase
in TILN, constituting 14% of the CD4� T cell population
on average when tumor metastases were present com-
pared with 10% in UILN (Fig. 1B), although there was
overlap between the groups. Despite the presence of Treg,
in many LN, a significant portion of CD4� and CD8� T
cells produced IFN�. Of interest, Treg frequency corre-
lated directly with the frequency of IFN�� CD8� (Fig. 1B)
and CD4� (r � 0.7532, P � 0.0001; data not shown) T
cells in TILN. No statistically significant association was
found in UILN (data not shown).

To assess Th polarization in patients with recurrent dis-
ease, we collected biopsies from patients undergoing neck
dissection at least 1 yr after their original thyroidectomy. As
shown in Fig. 1C, no significant change was observed in the
average frequency of IFN��CD4�, IFN��CD8�, Th2, or

Th17 subsets in TILN from patients with
recurrent disease compared with those
withprimaryPTC.Incontrast,Tregwere
more abundant in TILN from recurrent
PTC patients compared with TILN from
primary surgeries (Fig. 1D). Of note, the
frequency of Treg was also increased on
average in UILN from patients with re-
current compared with primary disease
(Fig.1D).As inpatientswithprimarydis-
ease, Treg levels were significantly ele-
vated in TILN compared with UILN in
patients with recurrent disease (Fig. 1D;
recurrent PTC, left panel vs. right panel;
P � 0.032).

PD-1� T cells are enriched in TILN
and their frequency correlates
with Treg

To further investigate the functional
capacity of T cells in patients with met-
astatic PTC, we assessed expression of
PD-1, which is transiently induced dur-
ing T cell activation (26) and expressed
constitutively by exhausted, dysfunc-
tional T cells (19). UILN and TILN bi-
opsies were stained for T cell-specific
markers and PD-1 and analyzed by
flow cytometry. As shown in Fig. 2A,
PD-1�CD4� and PD-1�CD8� T cell
frequencies were increased on average
in TILN compared with UILN. In 8 of
28 and 11 of 28 TILN, PD-1� cells con-
stituted greater than 40% of the CD4�

and CD8� T cell populations, respec-

FIG. 2. PD-1� T cell frequency in UILN and TILN. A, Biopsies were obtained from UILN and
TILN, and PD-1� T cell frequency was determined by flow cytometry. Cumulative graphs
showing the percentage of PD-1� cells in the general CD4� and CD8� T cell populations in
UILN and TILN. Mean � SEM is shown. FoxP3�/CD4� Treg and PD-1�/CD4� (B) or
PD-1�/CD8� (C) T cells frequencies were compared in UILN and TILN. Values of P � 0.025
were considered significant.
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tively, reaching as high as 80% in some samples. PD-1� T
cells and Treg are known to coinfiltrate breast carcinomas
(27). We next investigated whether increased PD-1� T cell
frequency was associated with high levels of Treg in met-
astatic PTC. PD-1�CD4� T cells correlated weakly with
Treg in UILN but showed a strong and statistically sig-
nificant correlation in TILN (Fig. 2B). As shown in Fig.
2C, PD-1�CD8� T cell and Treg frequencies correlated in
TILN but not in UILN. Of note, Treg have been shown to
express PD-1 (28). To determine whether Treg accounted

for a significant portion of PD-1�CD4� T cells, we ana-
lyzed archived TILN sections by immunofluorescence for
PD-1 and FoxP3. Although PD-1� Treg were present in
TILN, the majority of Treg lacked PD-1 expression (data
not shown).

PD-1� T cells in TILN show signs of activation and
exhaustion

To determine whether PD-1 is expressed as a marker
of early activation or T cell exhaustion, we assessed

FIG. 3. PD-1� T cell phenotype in UILN and TILN. A, Flow cytometry analysis of PD-1� and PD-1� CD4� (top row) or CD8� (bottom row) T cells. A
representative TILN biopsy is shown. Matched PD-1� and PD-1� CD4 or CD8 T cells from each UILN or TILN were compared for expression of
CD45RA (B) CD27 (C), and IFN� (D). A subset of the patients contributed data for CD45RA (UILN, n � 9; TILN, n � 7) and CD27 (UILN, n � 37;
TILN, n � 27).
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expression of CD45RA, CD27, and intracellular IFN�

by PD-1� and PD-1� T cells by flow cytometry (Fig. 3).
PD-1� T cells, presumed to represent naïve or resting
memory T cells (29), were compared with the corre-
sponding PD-1� T cell populations in each UILN and
TILN. PD-1� T cell in TILN were largely CD45RA�

memory cells, whereas the majority of PD-1� T cells
were CD45RA� (Fig. 3, A and B). In contrast, in UILN
the frequency of CD45RA� memory cells was variable
in both PD1� and PD-1� T cell subsets (Fig. 3B). CD27
is expressed at high levels on resting T cells, is down-
regulated after activation, and remains high on ex-
hausted PD-1� T cells (19). In a large portion of UILN
and TILN, the frequency of CD27hi T cells was reduced
in the PD-1� population compared with PD-1� cells,
suggesting that a portion of PD-1� T cells had begun to
down-regulate CD27. However, greater than 50% of
PD-1�CD4� and PD-1�CD8� T cells maintained a high
expression of CD27 in 22 of 27 and 26 of 27 of TILN
and 45 of 53 and 51 of 53 UILN, respectively (Fig. 3, A
and C). To determine whether, PD-1� T cells were ca-
pable of producing effector cytokines, we assessed IFN�

production after nonspecific stimulation in vitro. IFN�-
producing PD-1� CD4�, and CD8� T cells were found
at similar or increased frequencies compared with
PD-1� T cells in both TILN and UILN (Fig. 3D). Ex-
hausted T cells are compromised in their ability to pro-

liferate (19, 30). To assess the proliferative status of
PD-1� T cells in TILN, we stained archived LN sections
for PD-1 and Ki67 using standard immunofluoresence
techniques (Fig. 4). Although PD-1 and Ki67 staining
was sparse in some samples (Fig. 4A), other TILN con-
tained dense populations of PD-1� and Ki67� lympho-
cytes (Fig. 4B). Of note, Ki67�PD-1� lymphocytes were
rare in these samples, such that less than 20% of PD-1�

cells showed signs of proliferation in the 12 TILN as-
sessed (5.7–18.8%, Fig. 4, C and D).

Higher PD-1� T cell frequency is associated with
extranodal invasion

Extranodal invasion has been linked to disease recur-
rence in PTC (31). To investigate the role of Treg and
PD-1� T cells in extranodal invasion, TILN were assessed
for evidence of capsule penetration and the presence of
metastatic tumor in extranodal soft tissue and grouped
accordingly. Although a subset of TILN with extranodal
invasion had the highest frequency of Treg, a statistically
significant difference in Treg levels was not observed be-
tween noninvasive and invasive metastases (Fig. 5A). Both
PD-1�CD4� (Fig. 5B) and PD-1�CD8� (Fig. 5C) T cell
frequencies were significantly higher on average in TILN
with extranodal invasion compared with those with non-
invasive LN metastases.

Discussion

Our previous studies in primary PTC
nodules suggest that immune suppres-
sion contributes to disease progression
(4). Here we analyzed the immune re-
sponse in LN from patients with PTC.
Th1 polarization and high levels of
IFN��CD8� T cells were evident in
many LN from patients with primary
and recurrent PTC. Thus, the presence
of metastases does not deter, and may
even promote, an IFN� response. Th1-
polarization in many LN suggests that
a productive antitumor response had
been generated. In support of this
hypothesis, proliferating lymphocytes
were evident in TILN, including those
in which only minimal LN tissue re-
mained intact. These data may explain,
in part, why LN metastasis is not a
strong predictor of survival or disease
progression in PTC.

At the same time, however, Treg
were elevated in the presence of meta-

FIG. 4. Immunofluorescence analysis of PD-1 and Ki-67 in TILN. Lymph node tissue sections
were stained for PD-1 (green) and Ki-67 (red) (A–C). Images were obtained at �10 (A, LN4;
and B, LN8) or �60 (C, LN6) magnification. White arrows designated PTC metastasis (A and
B). C, A single PD-1�Ki67� lymphocyte is identified (white arrow) among PD-1�Ki-67�

lymphocytes. D, The frequency of PD-1�Ki67� lymphocytes in the total PD-1� population is
shown for 12 TILN obtained from two patients with metastatic disease.
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static disease and an increased frequency of Treg was as-
sociated with a prominent IFN� response. Although Treg
may be induced in these LN as a compensatory mechanism
to maintain immune homeostasis, our observed associa-
tion between elevated Treg levels and recurrent disease
supports that hypothesis that Treg are induced by the res-
ident metastatic tumor in an attempt to evade the immune
response. Of interest, Treg were elevated in UILN from
patients with recurrent disease compared with those from
primary PTC patients. Thus, despite the absence of resi-
dent tumor, UILN in these patients may be subjected to
suppressive effects in nearby TILN (32), priming the node
for future metastases.

To begin to address the functional capacity of the T cell
response in patients with PTC, we investigated whether
these cells expressed PD-1. We discovered that PD-1� T
cells constitute a significant portion of both CD4� and
CD8� T cell populations in TILN. PD-1� T cells in TILN

were primarily CD45RA�, suggesting that they had re-
cently encountered their requisite antigen. However, these
cells were largely negative for Ki-67 staining. Thus, unlike
classic memory T cells that down-regulate CD45RA and
proliferate after antigen stimulation (33), PTC-associated
PD-1� T cells show little sign of active or recent prolifer-
ation. Furthermore, a subset of PD-1� T cells failed to fully
down-regulate CD27. In the chronic lymphocytic chorio-
meningitis virus model of T cell exhaustion, CD27 expres-
sion remains high on virus-specific exhausted T cells. In
contrast, virus-specific T cells reduce CD27 to intermedi-
ate and low expression levels during acute infection in
which exhaustion is not observed (19). In our studies,
PD-1� T cells expressing intermediate or low levels of
CD27 may represent acute activation in response to tumor
or nontumor antigens, whereas CD27hiPD-1� T cells may
be dysfunctional and may be progressing toward exhaus-
tion. Although additional studies are necessary to deter-
mine the functional competence of PD-1� T cells in met-
astatic PTC, high frequencies of PD-1� T cells in TILN
with invasive tumors are likely a sign of immune suppres-
sion in the presence of aggressive metastases.

Of interest, PD-1� T cells maintained the ability to
produce IFN� after nonspecific stimulation in vitro.
This finding contrasts that seen in melanoma-associated
PD-1�CD8� T cells in which IFN� production was di-
minished in five of six patients (20). However, transient
effector function has been observed in T cells during the
process of peripheral tolerance (34, 35). Thus, our find-
ings could represent intermediate stages of T cell activa-
tion during the establishment of T cell tolerance to thyroid
cancer. These data must be interpreted cautiously because
in vitro stimulation with phorbol 12-myristate 13-acetate
and ionomycin bypass early signal transduction pathways
downstream of T cell receptor (36). Although an accurate
picture of polarization can be obtained, the functional
integrity of tumor-associated T cells cannot be assessed in
the absence of a more physiologically relevant stimulus.
Although a number of potential tumor antigens exist in
PTC, tumor-specific T cell epitopes have not been defined.
This information will be essential to accurately character-
ize the role of T cell exhaustion in PTC.

In summary, our studies reveal that high frequencies of
PD-1� T cells and Treg in TILN are associated with ex-
tranodal invasion and recurrence, respectively. These
analyses used ex vivo FNB techniques that could be readily
adapted as a presurgical in vivo screen of suspicious LN.
Larger prospective studies are necessary to determine the
potential of PD-1� T cell and Treg frequencies as prog-
nostic factors in metastatic PTC. A recent clinical trial
assessing the efficacy of the PD-1-blocking antibody,
MDX-1106, in cancer therapy showed promising results

FIG. 5. PD-1� T cells, Treg, and extranodal invasion. PD-1� T cell and
Treg frequencies in each UILN and TILN were determined by flow
cytometry. Archived TILN samples were analyzed for evidence of
extranodal invasion by hematoxylin and eosin stain. Samples were
grouped according to the absence or presence of invasion, and the
frequency of FoxP3�CD4� Treg (A), PD-1�CD4� (B), or PD-1�CD8�

(C) T cells in each lymph node is shown. Mean � SEM is shown. Values
of P � 0.017 were considered significant.
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with minimal adverse effects (37). A more detailed anal-
ysis of PTC-specific PD-1� T cells may encourage the use
of MDX-1106 for recurrent or advanced PTC that cannot
be cured with surgery or standard therapies.
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