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Context: Current methods of preoperative diagnostics frequently fail to discriminate between

benign and malignant thyroid neoplasms. In encapsulated follicular-patterned tumors (EnFPT) this

discrimination is challenging even using histopathological analysis. Autoantibody response against

tumor-associated antigens (TAA) is a well-documented phenomenon with prominent diagnostic

potential; however, autoantigenicity of thyroid tumors remains poorly explored.

Objectives: Exploration of TAA repertoire of thyroid tumors and identification of candidate au-

toantibody biomarkers capable of discrimination between benign and malignant thyroid

neoplasms.

Design, Setting and Patients
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Abbreviations: 2D two-dimensional; BC Bethesda category; CAP college of American pa-
thologists; CCS colloidal Coomassie stain; CHAPS 3-[(3-Cholamidopropyl)dimethylammo-
nio]-1-propanesulfonate; CI capsular invasion or confidence interval (clear in context); cPTC
papillary thyroid carcinoma, classic variant; DSn diagnostic sensitivity; DSp diagnostic spec-
ificity; DTT dithiothreitol; EnFPT encapsulated follicular-patterned tumors; EnFV-PTC pap-
illary thyroid carcinoma, follicular variant, encapsulated; EnWDC-NOS encapsulated well-
differentiated carcinomas, not otherwise specified; ESI electrospray ionization; FNAC fine-
needle aspiration cytology; FPT follicular-patterned tumors; FTA follicular thyroid
adenoma; FTC follicular thyroid carcinoma; FV-PTC papillary thyroid carcinoma, follicular
variant; H&E hematoxylin and eosin; HC Hürthle cell features; HT Hashimoto thyroiditis; IEF
isoelectric focusing; LC-MS/MS liquid chromatography-tandem mass-spectrometry; NC
nitrocellulose; PAGE polyacrylamide gel electrophoresis; PSS Ponceau S stain; PTC papillary
thyroid carcinoma; PTC-NC papillary thyroid carcinoma nuclear changes; SDS sodium do-
decyl sulphate; SERPA serological proteome analysis; TAA tumor-associated antigen; TRiC
tail-less complex polypeptide 1 (TCP-1) ring complex; VI vascular invasion; WB western blot
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Proteins isolated from FTC: 133 cells were subjected to 2-dimensional Western blotting using
pooled serum samples of patients originally diagnosed with either papillary thyroid carcinoma
(PTC) or EnFPT represented by apparently benign FTA, as well as healthy individuals. Immunore-
active proteins were identified using LC-MS/MS. Pathological reassessment of EnFPT was per-
formed applying non-conservative criteria for capsular invasion (CI) and significance of focal PTC
nuclear changes (PTC-NC). Recombinant TCP-1� was used to examine an expanded serum sample
set of patients with various thyroid neoplasms (n�89) for TCP-1� autoantibodies. All patients were
included in tertiary referral centers.

Results: A protein demonstrating a distinct pattern of EnFPT-specific seroreactivity was identified
as TCP-1� protein. Subsequent search for clinico-pathological correlates of TCP-1� seroreactivity
revealed non-classical CI or focal PTC-NC in all TCP-1� antibody-positive cases. Further studies in
expanded sample set confirmed the specificity of TCP-1� autoantibodies to malignant EnFPT.

Conclusions: We identified TCP-1� autoantibodies as a potential biomarker for pre-surgical dis-
crimination between benign and malignant encapsulated follicular-patterned thyroid tumors. Our
results suggest the use of non-conservative morphological criteria for diagnosis of malignant EnFPT
in biomarker identification studies and provide a peculiar example of uncovering the diagnostic
potential of a candidate biomarker using incorporation of pathological reassessment in the pipe-
line of immunoproteomic research.

Most thyroid neoplasms arise from follicular epithelia
and may be tentatively divided into papillary thy-

roid carcinomas (PTC), follicular thyroid carcinomas
(FTC) and benign follicular thyroid adenomas (FTA). Nu-
merous histological subtypes of these tumors including
hybrid phenotypes (ie, follicular variant of papillary thy-
roid carcinoma, FV-PTC) as well as oncocytic (oxyphilic)
subtypes harboring additional disruptive mutations in mi-
tochondrial DNA (1) have been identified (2). FTA, FTC,
encapsulated FV-PTC (EnFV-PTC) and encapsulated
well-differentiated carcinomas, not otherwise specified
(NOS) (EnWDC-NOS) (including their variants), may be
collectively referred to as «encapsulated follicular-pat-
terned tumors» (EnFPT) based on common architectural,
clinical and molecular features distinct from those of clas-
sic PTC (3, 4).

Fine-needle aspiration cytology (FNAC) is able to cor-
rectly classify most PTC cases based on characteristic PTC
nuclear changes (PTC-NC) (5, 6), and accurate exclusion
of malignancy may also be achieved in most non-neoplas-
tic lesions, such as adenomatous nodules or lymphocytic
(Hashimoto) thyroiditis (HT) (7, 8). However, FNAC is
not able to discriminate between FTA and FTC both lack-
ing PTC-NC but differing in their invasive characteristics
and propensity to metastasize (9, 10). A correct preoper-
ative diagnosis in a large number of FV-PTC cases also
remains a challenging task, since PTC-NC in these neo-
plasms are frequently incomplete and focal (11). In the
absence of widely invasive growth, differential diagnosis
between benign and malignant EnFPT may become diffi-
cult even in routine histopathology and is a subject of
dramatic observer variations concerning thresholds to be
used for recognizing the capsular invasion (CI) and the

significance of focal PTC-NC in otherwise benign tumors
(3, 12–14). Thus, there is a need for novel biomarkers of
malignancy in EnFPT. Such biomarkers should allow
overcoming of unnecessary «diagnostic surgery» proce-
dures while maintaining the excellent long-term results of
treatment.

Autoantibodies against tumor-associated antigens
(TAA) are spontaneously produced in cancer patients and
much effort has been made to identify their antigenic tar-
gets. Numerous TAA and autoantibody signatures were
identified in association with many malignant tumors (re-
viewed in Refs (15–17).), however, endocrine tumors and
thyroid neoplasms in particular remain poorly explored in
this context (18). In the present study, we used serological
proteome analysis (SERPA) (19) to identify TCP-1� pro-
tein as an antigen eliciting frequent autoantibody re-
sponses in EnFPT. Although initially TCP-1� autoanti-
bodies were found in patients diagnosed with apparently
benign FTA, subsequent pathological reassessment dem-
onstrated the presence of minor foci of CI or PTC-NC in
all TCP-1� antibody-positive cases, thus implicating
TCP-1� as a cancer-associated antigen. Further studies us-
ing expanded sample set revealed that TCP-1� serological
reactivity is virtually restricted to EnFPT and demon-
strates a 100% predictive value for malignancy in these
neoplasms. Taken together, we identified TCP-1� auto-
antibodies as a potential auxiliary biomarker for differ-
ential diagnosis between benign and malignant thyroid
EnFPT. Our study also suggests that utilization of non-
conservative morphological threshold for diagnosis of
malignancy may be important for successful identification
of biomarker candidates, especially in tumors lacking
overtly invasive behavior and clear-cut nuclear atypia.
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Materials and Methods

Cell line and total protein extract preparation
Follicular thyroid carcinoma cell line FTC-133 was pur-

chased from Health Protection Agency Culture Collection (Salis-
bury, UK) and cultured in combined media containing DMEM:
Ham’s F12 1:1 supplemented with 2 mM L-glutamine, 10% fetal
bovine serum and 100 I.U/ml penicillin/100 �g/ml streptomycin.
Subconfluent cells were scraped off, washed 3 times with ice-cold
PBS followed by solution containing 10 mM Tris-HCl and 250
mM sucrose pH 7.0, lysed with modified Rabilloud IEF/lysis
buffer containing 7M urea, 2M thiourea, 0.25% (v/v) carrier
ampholytes pH 3–10 (Bio-Rad Pharmalytes), 2% (w/v) CHAPS,
43 mM DTT and protease inhibitor cocktail (Roche) and soni-
cated on ice. Protein extract was centrifuged, supernatant was
collected, aliquoted and frozen at –70°C.

Patients and serum samples
Patients’ blood samples were collected before or at the time of

thyroid surgery between 2007 and 2009 in Surgical Department
of Endocrinology Research Center (Moscow, Russia). The FNA
biopsy preceded the blood collection by a median of 36 days
(range 5–259 days) for benign EnFPT; 49 days, (range 6–165
days) for malignant EnFPT; and 53 days (range 5–140 days) for
infiltrative PTC (Mann-Whitney U-test p-values � 0.2 in all pair-
wise comparisons). FNAC records were retrospectively retrieved
from the institutional database and rendered compliant with the
Bethesda System for Reporting Thyroid Cytopathology (9).
FNAC categories follicular neoplasm (Bethesda IV), suspicious
for papillary thyroid carcinoma (Bethesda V) and papillary thy-
roid carcinoma (Bethesda VI) were eligible.

The total protein content of sera was determined as an inte-
gral part of blood biochemistry panel at the routine preoperative
work-up, returning the values within the reference range of
60–87 mg/ml for all patients included in the study. The study
was approved by Ethical Review Board of Endocrinology Re-
search Center.

Additional serum samples (10 cPTC and 6 malignant EnFPT
cases, comprising 2 EnFV-PTC and 4 encapsulated well-differ-
entiated carcinomas, NOS (EnWDC-NOS)) were obtained from
the Medical Radiology Research Center (Obninsk, Russia). The
cases were selected from the institutional database in the way
that the age at surgery and tumor size were within the ranges of
cPTC and malignant EnFPT groups comprising the main sample
set.

Control sera were obtained from healthy females (median age
34, range 24–62) without palpable thyroid nodules during the
routine annual medical examination in the outpatient clinic of
the Moscow State University (Moscow, Russia).

All individuals mentioned hereinbefore provided informed
consent. Sera were isolated, aliquoted and frozen at –70°C. For
serological proteome analysis, sera were pooled (5 samples in
each pool) according to the initial histological diagnosis to ob-
tain 2 classical PTC (cPTC), 2 FTA and 2 healthy (HD) pooled
samples.

Histopathological analysis
Archival H&E stained slides were retrieved from the archive

of Department of Pathomorphology of Endocrinology Research
Center; if slides were not available, FFPE tissue blocks were re-
trieved, 5 �m sections were prepared and H&E-stained using

standard method. Slides were independently reviewed by two
surgical pathologists specifically trained in thyroid pathology
(A.Y.A. and N.Y.D.) using College of American Pathologists
(CAP) protocol criteria for CI and VI (20) and FV-PTC classi-
fication proposed by LiVolsi and Baloch (11) as detailed in Sup-
plemental Methods. The consensus pathology was then estab-
lished. Cases were excluded if the principal consensus (benign vs
malignant) was not reached and if PTC-NC in noninvasive tu-
mor could not be evaluated (eg, only frozen section was available
for review).

Serological proteome analysis
FTC-133 protein lysate was subjected to isoelectric focusing

(Protean IEF cell, Bio-Rad) using 7-cm immobilized pH gradient
strips with pH gradient 3–10/3–10 NL (Bio-Rad). Following
focusing up to 33 kVh strips were equilibrated in 6M urea,
0.375M Tris-HCl pH 8.8, 2% (w/v) SDS, 20% (w/w) glycerol
and 1% (w/v) DTT for 20 minutes and subjected to SDS-PAGE
in the second dimension using 10% polyacrylamide gels. Gels
were either stained with colloidal Coomassie Brilliant Blue
G-250 stain (CCS) or electroblotted onto nitrocellulose (NC)
membranes (Hybond-C Extra, Amersham Biosciences). Follow-
ing transfer and Ponceau S staining (PSS), membranes were
blocked (5% skim milk in TBS-T (150 mM NaCl, 20 mM Tris-
HCl pH 7.5, 0.1% (v/v) Tween-20)) and incubated overnight at
�4°C on a rotary shaker with pooled sera diluted 1:300 in block-
ing solution. Membranes were washed 4 times in TBS-T, fol-
lowed by 1 hour incubation with horseradish peroxidase-labeled
secondary antibodies (Pierce, goat anti human IgG, Fc� frag-
ment-specific) diluted 1:10000 in blocking solution. After final
wash (4 � 15 minutes in TBS-T) chemiluminescent signal was
generated using SuperSignal West Pico Chemiluminescent Sub-
strate (Pierce), and blots were placed against the X-ray film
(Kodak MXB) for 30 seconds. Scans of the films were imported
into Adobe Photoshop software and superimposed with those of
respective PSS membranes which were used for visual WB/PSS
spot matching. The recurrent FTA class-specific spot 9FS was
localized on the scan of colloidal Coomassie-stained gel using
further superimposition with the WB/PSS overlay, excised from
the CCS gel and subjected to LC-ESI-MS/MS analysis as de-
scribed in Supplemental Methods.

1-dimensional Western blot analysis
Recombinant TCP-1� preparation (see Supplemental Meth-

ods for details) was separated in 12.5% polyacrylamide gels,
electroblotted onto NC membranes and blocked as described
above. Resulting membranes were cut into strips (1 lane per strip)
and probed with individual patients’ sera diluted as specified
below in blocking solution and premixed with a cleared lysate of
BL-21(DE3) E.coli strain (up to 2 mg/ml) to ensure the absence
of any possible serological reactivity against minor bacterial pro-
tein contaminants. Subsequent technical workflow was identical
to that described in previous section.

For initial testing of sera comprised original pooled samples,
2 �g of antigen per lane and serum dilution 1/500 were used.
Films were exposed to blots for 5 to 10 seconds and samples
generating any visible band corresponding to full-length TCP-1�
were considered positive.

For determination of TCP-1� antibody frequency and quan-
titative analysis, adjusted conditions of 4 �g of antigen per lane
and 1/1500 serum dilution were used (case FN30 was further
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analyzed at 1/3000 serum dilution since even 1/1500 dilution
and minimal film exposure resulted in a saturated signal). At least
2 positive and 2 negative controls (selected from the sample set
comprising the original pooled samples) were included in each
experiment. Films exposed to blots for 10, 15 and 20 seconds
were scanned at 300 pixels/inch using Epson Perfection 4870
PHOTO scanner without image enhancement and saved as non-
compressed grayscale TIFF files. All images were analyzed using
ImageJ software (http://imagej.nih.gov/ij/) as described in Sup-
plemental Methods. Each serum was tested in at least 2 inde-
pendent experiments (Supplemental Figure 2).

Statistical analysis
The Fisher’s exact test (http://www.quantitativeskills.com/

sisa/statistics/fisher.htm) was implemented for testing of signif-
icance of most serological reactivity’s associations, with the ex-
ception of age and tumor size variables that were assessed using
Mann-Whitney U-test (http://vassarstats.net/utest.html). P-val-
ues � 0.05 were considered significant. P-values reported are
two-tailed and uncorrected unless specifically indicated other-
wise. Confidence intervals for DSn and DSp values were calcu-
lated using web-based calculator
http://vassarstats.net/clin1.html

Results

Immunoproteomic identification of TCP-1� protein
as an antigen recognized by serum autoantibodies
in thyroid tumor patients
We applied modified SERPA (19) analysis using FTC-133
follicular carcinoma cell line as an antigen source. FTC-

133 proteins were separated using
two-dimensional gel electrophore-
sis, blotted onto nitrocellulose mem-
branes and probed with pooled se-
rum samples as described in
Materials and Methods. One partic-
ular protein (spot 9FS) demonstrat-
ing FTA-restricted pattern of sero-
logical reactivity (Figure 1A-B) was
subsequently identified using tan-
dem mass-spectrometry as a � sub-
unit of a tail-less complex polypep-
tide 1 (TCP-1) ring complex (TRiC)
encoded by human CCT6A gene
(Supplemental Figure 1). Reactivity
of recombinant His6-tagged TCP-1�

protein in Western-blot analysis sup-
ported the initially observed pattern
(Figure 1B), further confirming the
identity of the target antigen as hu-
man TCP-1�. Case-by-case analysis
of TCP-1� autoantibodies in individ-
ual sera comprising original pooled
samples revealed 3 out of 10 strongly
reactive sera in FTA group (patients

FN30, FN31 and FN48, Figure 1C). Healthy individuals
(n � 10) and cPTC sera (n � 10) comprising the original
pooled samples showed no reactivity against recombinant
TCP-1� (data not shown).

Pathological reassessment of EnFPT cases
implicates TCP-1� autoantibodies as a potential
biomarker of malignancy in thyroid EnFPT
We noticed that all 3 tumors in TCP-1� autoantibody pos-
itive patients measured � 25 mm, compared with only 1/7
such tumors among TCP-1� autoantibody negative pa-
tients (P � .033, starred cases in Table 1 and case FN75 (8
mm) excluded from further analysis, see below). Tumor
size is a strong predictor of malignancy in many human
neoplasms, and this is also the case for thyroid tumors
(21–24). Thus we decided to reinvestigate the archival
histological specimens of these tumors in an attempt to
identify any features of malignancy that might have been
rendered as incomplete/questionable findings during the
initial pathological examination.

Surprisingly, we found that all 3 tumors of TCP-1�-
seropositive patients initially classified as «benign» con-
tained features of low-grade malignancy (Figure 2). In all
3 cases, tumor nodules were completely encapsulated and
were initially classified as «follicular adenomas». In case
FN30, the tumor demonstrated incomplete PTC-NC
throughout the lesion with multiple foci of full-blown PTC

Figure 1. Identification of 9FS spot with FTA-specific reactivity. (A) Representative
2D images corresponding to enhanced chemiluminescence WB replicas of membranes hybridized
with FTA1 (follicular thyroid adenoma) and HD1 (healthy individuals) pooled samples diluted 1/
300, as well as colloidal Coomassie-stained gel (CCS); spot 9FS is marked with rectangular frame;
(B) Close-up sections of WB images corresponding to the 9FS spot area. 2D blots of FTC-133
proteins and 1D blots of recombinant human (rh) TCP-1� were probed with the indicated pooled
serum samples (upper and lower panels, respectively, 1/300 pooled sample dilution). FTA –
follicular thyroid adenoma, PTC – papillary thyroid carcinoma, classic variant, HD – healthy
donors; (C) Close-up sections corresponding to 1D blots of recombinant TCP-1� protein probed
with individual sera comprising FTA1 and FTA2 pooled samples (1/500 serum dilution); reactive
sera’ IDs are in bold; corresponding sections of Ponceau S-stained membranes are also shown
(loading controls).
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nuclei (Figure 2A); a single focus of vascular invasion was
also noted upon deeper sectioning of archival tissue block;
the revised diagnosis was EnFV-PTC (type 3 according to
LiVolsi and Baloch (11)). In case FN31, the tumor dem-
onstrated a satellite nodule of the identical morphology
(Figure 2B) located just outside the main tumor (complete
invasion according to CAP Protocol criteria (20)); the re-
vised diagnosis was «minimally invasive FTC». In case
FN48, the encapsulated solid/microfollicular adenoma

(Figure 2D) demonstrated a subcapsular microfocus with
markedly different architecture and cells showing full-
blown PTC-NC, suggesting the development of FV-PTC
on FTA background (Figure 2C); the revised diagnosis was
EnFV-PTC (type 6 according to LiVolsi and Baloch (11)).
Only frozen section of noninvasive oxyphilic tumor was
available for review in FN75 case; since the PTC-NC were
not evaluable under these circumstances, this case was
excluded from further analysis. In contrast to TCP-1�-

Table 1. Basic clinico-pathological characteristics of 34 EnFPT patients

ID Age/Gender
FNAC

BC
Tumor

size HC
PTC-
NC CI VI HT

TCP-1�
Abs

Follicular Thyroid Adenomas (FTA)

FN01 69/M V 22 - - - - - -
FN03* 48/F IV 60 - - - - - -
FN04 64/F V 32 � - - - - -

FN06 66/F IV 30 - - - - � -
FN11 31/F IV 12 - - - - - -
FN19* 52/F IV 15 - - - - � -
FN21* 67/F V 21 - - - - - -
FN28 52/F V 13 � - - - - -
FN40* 33/F IV 20 - - - - - -
FN46* 22/M IV 15 - - - - � -
FN47 66/F IV 10 - - - - � -
FN50 29/F IV 36 � - - - � -
FN51 50/F IV 35 � - - - - -
FN56 39/M IV 22 - - - - - -
FN78* 54/F IV 21 - - - - � -
Encapsulated follicular variant of papillary thyroid carcinomas (EnFV-PTC)

FN02 48/F IV 44 � 2� � - - -
FN05 63/F IV 25 � 2� - - - �
FN30* 43/F IV 25 - 2� - �† - �
FN37 46/F IV 23 � 2� � - � -
FN44 23/F IV 36 - 2� - - - -
FN48* 51/F IV 28 - � - - � �
FN83 48/F VI 24 - 2� 2� � � -
FN96 33/F NA 50 - 2 � � - - - -
FN97 36/F NA 50 - 2 � � � - - -
Encapsulated well-differentiated carcinomas, not otherwise specified (EnWDC-NOS)

FN14 37/M V 24 - NE 2� � - -
FN82 58/F IV 20 � NE 2� - - �
FN98 25/F NA 25 - Eq � - - �
FN99 30/F NA 26 - Eq 2� - � -
FN100 31/F NA 34 - Eq 2� - - -
FN101 26/F NA 18 - Eq � - - �
Follicular Thyroid Carcinomas (FTC)

FN31* 41/F IV 48 - - 2� - - �
FN55 44/F IV 26 - - 2� - - -
FN59 42/F IV 70 � - 2� � - -
FN43 60/M IV 37 - - 2� � - �

BC – Bethesda Category of FNA cytology (IV – follicular neoplasm or suspicious for follicular neoplasm, V – suspicious for malignancy, VI –
malignant). CI – capsular invasion, VI – vascular invasion, PTC-NC – papillary thyroid carcinoma nuclear changes, HC – Hürthle cell features, HT –
Hashimoto thyroiditis as revealed by histopathological analysis of non-tumorous thyroid tissues. CI and PTC-NC were scored according to the
following: CI: �: incomplete invasion into but not through the fibrous capsule; 2�: at least one focus of through-and-through capsular
penetration. PTC-NC: �: a single microfocus of full-blown PTC-NC in otherwise benign FTA; 2�: multiple foci of full-blown PTC-NC interspersed
with regions demonstrating either totally bland nuclei or incomplete PTC-NC; 2��: diffusely distributed full-blown PTC-NC; Eq – diffusely
distributed equivocal PTC-NC; NE – not evaluable (see Supplemental Methods for details). *Sera used in initial SERPA analysis. †Discovered by
deeper sectioning of archival tissue block. Cases whose diagnoses were upgraded upon pathological re-review are marked in bold.
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seropositive patients, none of the remaining 6 tumors in
TCP-1� autoantibody-negative FTA patients (P � .012)
demonstrated any signs of capsular or vascular invasion
and/or PTC-NC aside from minor capsular irregularities
and occasional nuclear clearing in single cells scattered
throughout the lesion. Thus, TCP-1� emerged as a candi-
date cancer-associated antigen specific for malignant
EnFPT.

Evaluation of TCP-1� serological reactivity in
various thyroid neoplasms confirms the specificity
of TCP-1� autoantibodies to malignant EnFPT
We next proceeded to evaluation of TCP-1� antibody fre-
quency using Western blot analysis across the expanded
sample set comprising a total of 89 thyroid tumor patients.
The sample set comprised 34 EnFPT cases (Table 1), 51
patients diagnosed with various PTC variants distinct
from EnFV-PTC and 4 non-FTA benign lesions (Figure 3A
and Supplemental Table 2). Prior to the analysis, all tu-
mors in EnFPT subset were subjected to rigorous patho-
logical re-examination as described in Materials and
Methods; cases were included only if the final consensus
pathology could be established. Besides the 3 cases de-
scribed earlier, 4 additional tumors were reclassified from
FTA to EnFV-PTC (3 cases) and EnWDC-NOS (1 case);
among 12 tumors classified as «malignant» on the initial

pathological evaluation, none was
reclassified, thus resulting in 19 ma-
lignant and 15 benign EnFPT cases in
the sample set (Table 1).

As expected from our preliminary
data, FTA and PTC patients diag-
nosed with non-EnFV-PTC variants
demonstrated very low frequencies
of TCP-1� autoantibodies; in con-
trast, patients with malignant EnFPT
demonstrated significantly higher
frequencies of TCP-1� serological re-
activity, estimated to be as high as
33%–50% (Figure 3, P � .05 for
each of EnFV-PTC, EnWDC-NOS,
FTC and combined EnFPT groups as
compared to FTA group). In the post
hoc analysis performed in malignant
EnFPT group, none of clinico-path-
ological factors (the presence of cap-
sular or vascular invasion, age at di-
agnosis, gender, tumor size,
oxyphilia of tumor cells and back-
ground lymphocytic thyroiditis) was
significantly associated with the
presence of TCP-1� serum autoanti-
bodies in the malignant EnFPT

group (Supplemental Table 1).
We then analyzed the diagnostic performance of

TCP-1� autoantibodies in presurgical setting. All six
TCP-1� autoantibody positive patients (for whom the in-
formation on initial FNAC conclusion was available) were
diagnosed with «follicular neoplasm» FNAC (Bethesda
category IV, Table 1). Thus, we focused particularly on
this subgroup of patients. All patients with other FNAC
categories listed in Table 1 (n � 12) were excluded from
the analysis. Among non-EnFPT patients in our 89-sample
set, eight had BC IV nodules, 4 being diagnosed with ma-
lignant and 4 – with non-FTA benign lesions (Supplemen-
tal Table 2); these patients were included in the analysis.
The diagnostic specificity (DSp) and sensitivity (DSn) of
TCP-1� autoantibody in detection of malignancy in BC IV
nodules were estimated as 100% (15/15, 95% CI 75%–
100%) and 40% (6/15, 95% CI 17%–67%), respectively
(P � .017).

Discussion

During last two decades, autoantibodies emerged as a
promising tool for diagnostic purposes (16, 17), and the
first commercial autoantibody-based test EarlyCDT®-

Figure 2. Histopathological analysis of 3 TCP-1�-seropositive cases. (A) Case FN30,
high-power view of a tumor demonstrating follicular architecture; cells demonstrate typical
features of PTC-NC (elongation, clearing, grooving), H&E 400X; (B) Case FN31, low-power view
of invasive margin with a satellite nodule morphologically identical to the main tumor located
just outside the capsule outwith capsular vessel (red arrow), H&E 40X; (C) Case FN48, high-
power view of a subcapsular FV-PTC focus in FTA, the follicles filled with dense scalloped colloid
are lined with cells demonstrating abundant nuclear clearing, crowding and occasional grooving,
H&E 400X; and (D) Case FN48, representative field of the gross of the tumor with
normochromatic nuclei lacking any signs of PTC-NC, H&E 400X.
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Lung (http://www.earlycdt-lung.co.uk/) for the early di-
agnostics of lung cancer has recently entered the market.
However, autoantigenic repertoires of many human neo-
plasms, eg, endocrine tumors, have not been studied in
sufficientdetail.Only two top-downstudies identified sev-
eral antigens eliciting autoantibody responses in anaplas-
tic (25) and papillary (26) thyroid carcinomas, and few
additional antigens were implicated in thyroid carcinomas
in bottom-up setting (15, 27–30). Importantly, none of
these studies focused on encapsulated follicular-patterned
lesions. Here, using pathological reassessment of surgical
specimens, we show that TCP-1� protein initially identi-
fied using immunoproteomics as FTA-associated TAA in

fact represents the target of frequent immune response in
malignant EnFPT but not in other thyroid neoplasms (Fig-
ure 3).

TCP-1� is an ubiquitously expressed subunit of TCP-1
ring complex (TRiC) assisting folding of cytosolic pro-
teins. Several reports implicated TCP-1� in carcinogenesis
(31, 32); its overexpression was demonstrated in human
cancers (31–34), whereas Rhodes et al (35) identified
CCT6A as a part of 69-gene signature commonly upregu-
lated in undifferentiated carcinomas. Interestingly, human
CCT6A gene is localized to chromosomal region 7p11.2 in
the close proximity to EGFR. The copy number gain of
chromosome 7 genomic material with minimal recurrent

Figure 3. Western-blot analysis of TCP-1� autoantibodies in thyroid nodular lesions. (A) Summary of TCP-1� serological reactivity
in various thyroid nodular lesions. Significant differences (P � .05) as compared to the FTA group using two-tailed Fisher exact test are marked in
bold. *Nodular hyperplasia (n � 2), Hashimoto thyroiditis (n � 1) and hyalinizing trabecular tumor (n � 1). †Nonencapsulated PTC variants:
nonencapsulated follicular (n � 6), solid/follicular (n � 3), Warthin-like (n � 2), diffuse sclerosing (n � 1) and tall cell (n � 1). All sera were tested
at 1/1500 dilution. B, Relative quantification of TCP-1� autoantibodies in thyroid EnFPT. The calibration curve was established using dilutions of
FN48 serum as shown on the side bar and described in Supplemental Methods; the calculated FN48 dilution corresponding to each peak area was
then converted to relative concentration expressed as AU�(FN48 dilution corresponding to a peak area)(actual reciprocal dilution)100. All sera
were tested at 1/1500 dilution; the AU value for FN30 sera was calculated based on the signal corresponding to 1/3000 dilution (see Materials and
Methods for details). Data corresponding to one representative experiment is shown (see also Supplemental Figure 2).
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region of gain at 7p12-p11 is a cytogenetic hallmark of
EnFPT (36) but not of cPTC (37), suggesting a possible
mechanistic link between CCT6A gene amplification and
autoantibody response against its protein product TCP-
1�. This cytogenetic distinction also provides a possible
explanation for the absence of TCP-1� autoantibodies in
infiltrative PTC variants. Other oncogenic events specific
for EnFPT such as RAS point mutations or PAX8/PPAR�

translocations may also indirectly contribute to TCP-1�

autoantibody response, probably via modulation of
TCP-1� expression levels.

In the subset of patients with indeterminate FNAC
(Bethesda category IV), the TCP-1� autoantibodies dem-
onstrated diagnostic performance in detection of malig-
nancy typical for this class of biomarkers being 100%
predictive for malignancy (DSp 100%, 95% CI 75%–
100%) while showing low-to-moderate DSn (40%, 95%
CI 17%–67%). Combinations of several autoantibody
biomarkers may significantly improve DSn without sac-
rificing DSp (38–40), and further studies are ongoing to
identify additional autoantigens to be used in combination
with TCP-1�. The lack of association of TCP-1� serolog-
ical reactivity with Hashimoto thyroiditis (Table 1, Sup-
plemental Table 1 and data not shown) suggests that di-
agnostic performance of TCP-1� autoantibodies is
unlikely to be inflated by TCP-1� serological reactivity
associated with concurrent autoimmune disease, the phe-
nomenon typical for many other TAA (41). All malignant
EnFPT in the sample set were non- (n � 4) or minimally
(n � 15) invasive (Table 1), indicating that TCP-1� auto-
antibody response occurs at the early stages of «benign-
to-malignant» transition. Taken together, our data sug-
gest a prominent diagnostic potential of TCP-1�

autoantibodies in the most diagnostically challenging
group of thyroid neoplasms. To our knowledge, this is the
first report of a thyroid cancer-associated TAA that dem-
onstrates differential serological reactivity between be-
nign and malignant thyroid EnFPT, as well as the first
implication of TCP-1� protein as human TAA.

EnFPT are subject to dramatic observer variations in
their classification with respect to diagnostic thresholds
used for capsular invasion (CI) and significance of focal
PTC-NC, and thus in differential diagnosis between be-
nign (FTA) and malignant (FTC and EnFV-PTC) EnFPT
(12–14). Recently, changing of these diagnostic thresholds
in a retrospective cohort resulted in the upgrade of the
initially benign diagnosis in 35 out 118 (30%) thyroid
tumors, raising important ethical as well as scientific is-
sues, eg, the validity of archival pathology records in ret-
rospective studies of thyroid neoplasia (12). In our study,
re-examination of archival specimens allowed us to reveal
a cancer-associated profile of TCP-1� serological reactiv-

ity initially obscured due to highly conservative approach
for diagnosis of malignancy, rendering focal PTC-NC and
single focus of nonclassical CI insignificant. The conser-
vative approach may be convenient in routine pathology
practice since post-treatment course of EnFPT lacking vas-
cular invasion seem to be typical for benign rather than
malignant tumors with extremely low risk of local and
systemic progression (42–45), although exceptions have
been described (46–48). However, this approach, ori-
ented primarily on prognosis-guided patient management,
almost completely ignores the real biology of these tu-
mors. Particularly, such non/minimally invasive carcino-
mas (or, according to other designations – «borderline»
(44, 45) and «uncertain malignant potential» (49) tumors)
are expected to share a large part of their «omic»
(genomic, transcriptomic, proteomic, immunomic etc.,)
signatures with those of fully invasive malignancies. The
failure to identify the former in the sample sets used for
biomarker studies may result in considerable data loss and
false rejection of promising biomarker candidates. Al-
though natural history of non/minimally invasive malig-
nant EnFPT is virtually unknown, from the biological
standpoint they are more likely to progress to fully inva-
sive malignancies, if left untreated, than the bona fide be-
nign tumors. Thus, it is also apparently plausible to dis-
criminate between those two entities during initial
diagnostic workup, and our study provides a proof-of-
principle for the use of autoantibody biomarkers, partic-
ularly TCP-1� autoantibody, for these purposes.
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