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Abstract 

Background Papillary thyroid carcinoma (PTC) is the most common endocrine malignancy cancer among the 
malignancies of thyroid. Despite of wide usages of proteomics in PTC, the profile of acetylated proteins in PTC remains 
unsettled, which is helpful for understanding the carcinogenesis mechanism and identifying useful biomarkers for 
PTC.

Methods The surgically removed specimens of cancer tissues (Ca‑T) and adjacent normal tissues (Ca‑N) from 10 
female patients pathological diagnosed as PTC (TNM stage III) were enrolled in the study. After preparing the pooled 
extracts of the whole proteins and the acetylated proteins from 10 cases, TMT labeling and LC/MS/MS methods were 
applied to the assays of global proteomics and acetylated proteomics separately. Bioinformatics analysis, including 
KEGG, gene ontology (GO) and hierarchical clustering were performed. Some differentially expressed proteins (DEPs) 
and differentially expressed acetylated proteins (DEAPs) were validated by individual Western blots.

Results Controlled with the normal tissues adjacent to the lesions, 147 out of 1923 identified proteins in tumor tis‑
sues were considered as DEPs in global proteomics, including 78 up‑regulated and 69 down‑regulated ones, while 
57 out of 311 identified acetylated proteins in tumor tissues were DEAPs in acetylated proteomics, including 32 
up‑regulated and 25 down‑regulated, respectively. The top 3 up‑ and down‑regulated DEPs were fibronectin 1, KRT1B 
protein and chitinase‑3‑like protein 1, as well as keratin, type I cytoskeletal 16, A‑gamma globin Osilo variant and 
Huntingtin interacting protein‑1. The top 3 up‑ and down‑regulated DEAPs were ribosomal protein L18a‑like protein, 
alpha‑1‑acid glycoprotein 2 and eukaryotic peptide chain release factor GTP‑binding subunit ERF3A, as well as trefoil 
factor 3, thyroglobulin and histone H2B. Functional GO annotation and KEGG pathway analysis based on the DEPs and 
DEAPs showed completely different changing pictures. Contrary to the top 10 up‑ and ‑down regulated DEPs, most of 
which were addressed in PTC and other types of carcinomas, changes of the majority DEAPs were not mentioned in 
the literatures.

Conclusions Taken the profiling of the global and acetylated proteomics together will provide more broad view of 
protein alterations on the carcinogenesis and new direction for selecting biomarker for diagnosis of PTC.
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Background
Thyroid carcinoma is the most common endocrine can-
cer among the malignancies of head and neck [1–3], 
which accounts for about 1% of all kinds of carcinoma 
and comprises 91.5% of whole endocrine cancers. Recent 
statistics shows that the incidence of papillary thyroid 
carcinomas (PTC) is increasing in the past years and 
accounts for 80% of all thyroid cancers [4, 5]. Timely 
diagnosis and appropriate treatments are critical for rais-
ing long-term survival rate of PTC patients. Cytologi-
cal examination and fine-needle aspiration, sonography, 
magnetic resonance imaging, and computed tomog-
raphy have been used in diagnosing for PTC. The most 
effective test for distinguishing malignant from benign 
thyroid nodules is ultrasound-guided fine-needle aspira-
tion biopsy which has approximately 93% sensitivity and 
75% specificity. Advancing in the proteomics has intro-
duced new techniques for screening the biomarkers and 
improving diagnosis of different kinds of cancers to a 
new horizon. Till now, some biomarkers for thyroid car-
cinoma diagnosis have been found including galectin-3 
[6], fibronectin-1 [7], CITED-1 [8], HBME1, cytokera-
tin-19, TPO [9], etc., however, most of these biomark-
ers lacking specificity or having poor positive predictive 
value to some degree [6–9].

Protein acetylation in which the acetyl group transfer-
ring from acetyl-coenzyme A (Ac-CoA) to a specific site 
on a polypeptide chain is the major post-translational 
modifications (PTMs) in most eukaryotes. About 90% 
of proteins become co-translationally acetylated at their 
N-termini of the nascent polypeptide chains in humans. 
Till now, hundreds of different PTMs were identified 
including acetylated proteomics profiling with new tech-
niques emerging and especially in the mass spectrometry 
field. Because of more consumption of Ac-CoA during 
acetylation and more consumption of  NAD+ during dea-
cetylation by specific KDACs (lysine deacetylase), acety-
lation process participates in the metabolic processes and 
energy homeostasis of body. Consequently, unbalanced 
acetylation machinery can lead to severe diseases, such 
as neurodegenerative diseases, cardiovascular disorders, 
cancers, etc. [10–12].

With the help of LC-MS/MS, we screened the global 
and the acetylated proteomics profiling of the tumor tis-
sues from 10 PTC patients at TNM stage Ш, controlled 
with the normal tissues adjacent to the lesions from the 
same patients. Totally 147 out of 1923 identified proteins 
were considered as the differentially expressed protein 
(DEP), including 78 up-regulated and 69 down-regulated, 
respectively. Fifty-seven out of 311 identified acetylated 
proteins were differentially expressed acetylated proteins 
(DEAP), among them 32 were increased and 25 were 
decreased. Further, some bioinformatics analyses, such 

as hierarchical clustering, KEGG pathway, gene ontology 
(GO), based on DEPs and DEAPs were performed. We 
found that either involved GO processes or KEGG path-
ways were almost completely different between the global 
proteomics and acetylated proteomics.

Methods
Ethics statement
The research protocol was approved by the Ethic Com-
mittee of Peking University Cancer Hospital & Insti-
tute, and the subject signed the informed consent form 
approved by the Institutional Review Board at the Peking 
University Cancer Hospital & Institute.

Samples of thyroid cancer
To address the possible difference in the protein and the 
acetylated protein expressions between the carcinoma 
tissues and the normal tissues, we enrolled the specimens 
of the surgically removed tumor tissues and the normal 
tissues adjacent to the lesion sites without abnormal 
pathological signs from 10 patients of PTC. Approxi-
mately 700 to 800  mg specimen of each patient was 
obtained, 200 mg for global proteomics and 500 mg for 
acetylated proteomics profiling assay. All enrolled sam-
ples were pathologically confirmed by the pathologists in 
Peking University Cancer Hospital and Institute, exclud-
ing the evidence of other chronic thyroid diseases, such 
as chronic lymphocytic thyroiditis and autoimmune thy-
roid disease. As more numbers of female patients of PTC 
than male patients, all enrolled patients were female in 
this study, to eliminate the potential influence of gender. 
The ages of those 10 patients ranged from 56 to 83 years 
old, with the average of 65.6  year-old. All enrolled 
patients were at TNM stage III. The ages and TNM stages 
of those cases were summarized in Supplemental Table 1.

Protein extraction
Tissues were homogenized in the lysis buffer contain-
ing 5 mM  C4H7NaO2, 2.5 mM  NA3PO4, 1 mM  Na3VO4, 
8  M Urea and 30  mM HEPES. The lysates were mixed 
with 10% TCA-acetone and stored at -20℃ overnight, 
and then, collected by centrifuging at 4℃ for 30  min at 
20,000  rpm and washed with acetone for three times. 
After adding lysis buffer, the preparations were exposed 
to ultrasonic under power 180W for 5  min. Next, after 
centrifugating for 30  min at 20,000  rpm, the superna-
tants were collected and incubated for 1  h at 56℃ with 
10  mM DTT in the final concentration. The products 
were immediately mixed with IAM to the final concen-
tration of 55 mM and stayed in dark for 1 h. The super-
natants were collected after centrifugating at 20,000 rpm 
for 30 min. The protein concentrations in the final prod-
ucts were measured using Bradford protein assay (Sigma) 
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and the qualities of the extracted proteins were analyzed 
by SDS-PAGE.

Protein digestion and peptide purification
Aliquots of 5  mg proteins each preparation were trans-
ferred into a 10  K ultrafilter (Sartorius Stedim Lab L 
Ltd) and centrifuged at 4℃,4,000  rpm for 40  min. 5  ml 
of 5  mM Triethylammonium bicarbonate (TEBA) was 
added into the filters and centrifuged at 4℃, 4,000  rpm 
for 40 min, and this procedure was repeated two times. 
Protein digestion was performed with 1 μg/μl trypsin at 
37℃ for 24 h. The purification of peptides was conducted 
with C18 reversed-phase column (Agela Technologies) 
to remove salts and dried by vacuum. The lengths of the 
majority of the digested peptides were less than 30 amino 
acids.

Enrichment of the acetylated peptides
The dried products were solved in  PTMScan® IAP (rea-
gents supplied in the kit) buffer containing 50 mM NaCl, 
10  mM  Na3PO4 and 50  mM MOPS, pH7.2. The pellets 
were discarded by centrifuged at 10,000  rpm at 4℃ for 
5  min. By using a commercial kit (ICP0388, Immune-
Chem Pharmaceuticals), the acetylated peptides were 
enriched and the beads were incubated with 2% acetic 
acid and IAP buffer overnight rotatably after washing 
with PBS. Finally, the beads were eluted with 0.15% TFA 
(reagents supplied in the kit) and peptides in superna-
tants were collected after centrifugating.

Peptide TMT‑labelling and identification of mass spectra
Prepared TMT-labeled reagents (Thermo Scientific) were 
mixed with 41  μl acetonitrile and vortexed for 1  min. 
Then the preparations of the tested peptide were mixed 
with different isotopes and incubated at RT for 1  h. 
The mixture was added with 8 μl 5% hydroxylamine for 
15  min. Different labeled products were mixed 1:1:1:1 
and dried by vacuum for further using.

Peptide mixtures were loaded onto an Acclaim PePmap 
C18-reversed phase column (75  μm × 2  cm, 3  μm, 100 
Ǻ, Thermo Scientific) and separated with reversed phase 
C18 column (75 μm × 10 cm, 5 μm, 300 Ǻ, Agela Tech-
nologies) mounted on a Dionex ultimate 3 000 nano LC 
system. Peptides were eluted using a gradient of 5–80% 
(v/v) acetonitrile in 0.1% formic acid over 65  min at a 
flow rate of 300  nl   min−1 combined with a Q Exactive 
mass spectrometer (Thermo Fisher Scientific, MA, USA).

The eluates were directly entered Q-Exactive MS 
(Thermo Fisher Scientific, Waltham, MA, USA), set-
ting in positive ion mode and data-dependent manner 
with full MS scan from 350–2000 m/z, full scan resolu-
tion at 70,000, MS/MS scan resolution at 35,000. MS/
MS scan with minimum signal threshold  1E+5, isolation 

width at 2 Da. To evaluate the performance of this mass 
spectrometry on the TMT labeled samples, two MS/MS 
acquisition modes, higher collision energy dissociation 
(HCD) was employed. To optimize the MS/MS acqui-
sition efficiency of HCD, normalized collision energy 
(NCE) was systemically examined 30, stepped 20%.

Bioinformatics analysis
Spectrum screening, protein identification and pro-
tein quantitative parameters used in mass spectrometry 
data processing were showed as following. Spectrum 
screening parameters included that mass range of par-
ent ions was 350–6,000 Da, minimum number of peaks 
in secondary mass spectrometry was 10, signal-to-noise 
ratio value was 1.5. Identification retrieval parameters 
included that Mascot version was 2.3.0, database was 
uniport_2019_human 9606 (Time files compressed: Wed 
Jun 17 13:20:26 2020 and Number of sequences: 24,873). 
The quantitative parameters included that protein ratio 
type was median, the minimum peptide was 1 and the 
normalization method was median.

In this study, the peptides or the acetylated peptides 
in the carcinoma tissues changing > 1.2 fold compared 
with the data of normal control were considered as the 
differentially expressed peptides (DEPs) or differentially 
expressed acetylated peptides (DEAPs). P < 0.05 was gen-
erally taken as the difference screening criteria to evalu-
ate the significance of difference in protein quantification. 
Volcano Plot, Gene Ontology (GO functional annota-
tion), KEGG pathway analysis (including top 20 pathway 
enrichment, KEGG classification), Heat map clustering 
and protein interaction network were included in the fur-
ther bioinformatics analysis for proteomics profiling for 
the global and acetylated proteins of PTC.

Western blot
Different tumor tissues were homogenized in lysis buffer 
(100 mM NaCl, 10 mM EDTA, 0.5% Nonidet P-40, 0.5% 
sodium deoxycholate, 10  mM Tris, pH 7.5) on ice con-
taining protease inhibitor cocktail set III (Merck Mil-
lipore, 535140-1SET). The supernatant fractions were 
collected after the homogenates being centrifuged at 
2,000 g for 10 min, separated by 12% SDS-PAGE and elec-
tro-transferred onto nitrocellulose membranes. Mem-
branes were incubated with various primary antibodies, 
including fibronectin 1 (Fib) antibody (Santa Cruz Bio-
technology, sc8422), carbonic anhydrase 1 (CA1) anti-
body (R&D Systems, AF2180-SP), chitinase 3 like protein 
1 (CHI3L1) antibody (R&D Systems, AF2599-SP) and 
metalloproteinase inhibitor 1 (TIMP1) antibody (Santa 
Cruz Biotechnology, sc365905), at 4  °C overnight and 
then incubated with HRP conjugated secondary antibod-
ies (Jackson Immuno Research Labs, 115-035-003 and 
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111-035-003) at RT for 1 h after washing with PBS. For 
detecting total acetylated proteins, anti-acetylated-lysine 
antibody (ICP0380, Immunechem, Burnaby, BC, Can-
ada) was used. The blots were developed using enhanced 
chemiluminescence (ECL) system. Images were captured 
by ChemiScope 6000 (CLiNX).

Statistical analysis
The results of immunoblot images were analyzed using 
software Image J and gray values of target blots were 
evaluated. Statistical analyses were carried using Stu-
dent’s t test.

Results
Global protein and acetylated protein profiles of tumor 
and normal tissues of PTC
The tissue homogenates of the surgically removed PTC 
from 10 patients diagnosed were pooled as the carci-
noma-tumor specimen (Ca-T) and the normal thyroid 
tissues adjacent to the lesion from the same patients were 

pooled as the carcinoma-normal samples (Ca-N). The 
extracted acetylated proteins from tumor and normal tis-
sues were nominated as Ca-T-A and Ca-N-A. The quality 
of extracted proteins, quantitative accuracy of proteins, 
trypsin hydrolysis efficiency, mass spectral mass devia-
tion, mass spectrometry acquisition intensity and data 
volume fulfilled the requirements of the quality control 
for proteomic assays (Suppl Fig. 1).

For global proteomics profiling, 33,726 matched spec-
tra were achieved, and 3,214 proteins, elicited from 
11,350 unique peptides, were identified with 95% confi-
dence interval by the Peptide Prophet Algorithm. Totally 
1,923 proteins were identified both in the samples of 
Ca-T and Ca-N. The general pattern of DEPs and non-
differential expressed proteins were showed in the Vol-
cano plot (Fig.  1A). One hundred forty-seven proteins 
in Ca-T were considered as DEPs in comparison with 
Ca-N when utilizing the standard of 1.2-fold changed 
and p < 0.05, among them 78 DEPs were up-regulated and 
69 DEPs were down-regulated, respectively. Thirty-nine 

Fig. 1 Volcano plots and numbers of DEPs identified in global proteomics and DEAPs in acetylated proteomics in comparison of Ca‑T with Ca‑N. 
Volcano plots of DEPs in global proteomics (A) and DEAPs in acetylated proteomics (C). Green dots represent the down‑regulated proteins and red 
dots represent up‑regulated ones. Gray dots are non‑significantly changed proteins. The numbers of DEPs (B) and DEAPs (D). The changed folds of 
the up‑ and down‑regulated DEPs and DEAPs are indicated on X‑axis. The numbers of the changed proteins are indicated above the columns
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DEPs showed ≥ 1.5-fold changed, including 27 up- and 
12 down-regulated ones. Nine DEPs were ≥ 2.0-fold 
changed, including 8 up- and 1 down-regulated ones 
(Fig. 1B).

For acetylated proteomics profiling, 5,628 matched 
spectra were achieved, and 636 proteins, elicited from 
1,722 unique peptides, were identified with 95% confi-
dence interval by the Peptide Prophet Algorithm. Totally 
311 proteins were identified both in the samples of Ca-
N-A and Ca-T-A. The general pattern of DEAPs and 
non-differential ones were illustrated in the Volcano plot 
(Fig. 1C). Total 57 DEAPs in the sample of Ca-T-A were 
obtained in comparison with Ca-N-A, showing ≥ 1.2-fold 
changed (32 up- and 25 down-regulated ones). 23 DEAPs 
were 1.5-fold changed (17 up- and 6 down-regulated 
ones) and 7 DEAPs were ≥ 2.0-fold changed (6 up- and 1 
down-regulated ones) (Fig. 1D).

In the context of global proteomics, 7.6% (147) out of 
1923 identified proteins showed differentially expressed 
between Ca-T and Ca-N, while in the context of acety-
lated proteomics, 18.3% (57) out of 311 identified pro-
teins were differentially expressed. Among 147 DEPs, 
only 30 proteins (20.4%) were also identifiable in acety-
lated proteomics, whereas 43 out of 57 DEAPs (75.4%) 
were also detectable in global proteomics (Fig.  2A). 
Among 13 up-regulated and 17 down-regulated DEPs, 
the up-regulated (1.2-fold), unchanged (< 1.2- to 

> 0.83-fold) and down-regulated (< 0.83-fold) proteins in 
acetylated proteomics were 5, 6, 2 and 1, 5, 11 (Fig. 2A). 
Among 25 up-regulated and 18 down-regulated DEAPs, 
the up-regulated, unchanged and down-regulated pro-
teins in global proteomics were 4, 20, 1 and 1, 11, 6, 
respectively (Fig. 2B).

Top 20 up‑ and down‑regulated DEPs and DEAPs
The top 20 up- and down-regulated DEPs and DEAPs 
were summarized in Tables  1 and 2. Three of the most 
increased DEPs were cDNA FLJ53365 highly similar 
to Homo sapiens fibronectin 1, fibronectin 1 (FN1), 
KRT1B protein (KRT1), while three most decreased 
DEPs were adhesion G-protein-coupled receptor G1 
(ADGRG1), cDNA FLJ53570 highly similar to Keratin, 
type I cytoskeletal 16 (KRT16), A-gamma globin Osilo 
variant, respectively (Table 1). Three up-regulated DPEs 
(fibronectin 1, TNC protein and epididymis secretory 
sperm binding protein) and five down-regulated DEPs 
(trefoil factor 3, hemoglobin alpha-2 globin mutant, car-
bonic anhydrase 1, hemoglobin subunit alpha and cre-
atine kinase B-type) were also identifiable in acetylated 
proteomics. Three of the most upregulated DEAPs were 
ribosomal protein L18a-like protein, alpha-1-acid glyco-
protein 2, eukaryotic peptide chain release factor GTP-
binding subunit ERF3A, while three most downregulated 
ones were trefoil factor 3, thyroglobulin, histone H2B, 

Fig. 2 The numbers and statuses of the DEPs identifiable in acetylated proteomics (A) and the DEAPs identifiable in global proteomics (B). Yellow 
graphic: unfound; green graphic: downregulated < 0.83 fold; grey graphic: insignificantly changed between < 1.2 and > 0.83 fold; red graphic: 
upregulated > 1.2 fold. The numbers of DEPs and DEAPs identifiable in the opposite proteomic assays are separately showed on the bottom tables
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respectively (Table  2). Among the top 20 DEAPs, 14 
up- and down-regulated proteins were also detectable in 
global proteomics.

Hierarchical clustering heat map
Totally 221 proteins from Ca-T and Ca-N samples were 
identified both in global and acetylated proteomics. To 

Table 1 Top 20 changed DEPs in global proteomics

Description DEP DEAP

Ca‑T vs Ca‑N p‑value Ca‑T vs Ca‑N p‑value

Up‑regulated

 1 cDNA FLJ53365, highly similar to Homo sapiens fibronectin 1 (FN1) 6.852 0.013391 / /

 2 Fibronectin 1 3.181 8.0355E‑119 1.853 3.77348E‑26

 3 KRT1B protein 2.912 0.002952313 / /

 4 Chitinase‑3‑like protein 1 2.666 0.003221145 / /

 5 Metalloproteinase inhibitor 1 2.23 0.007884891 / /

 6 Dermcidin 2.209 0.007060387 / /

 7 Thrombospondin‑2 2.151 0.020179382 / /

 8 Thrombospondin type‑1 domain 2.098 0.006753316 / /

 9 TNC protein 1.926 2.51100E‑16 1.319 0.013279683

 10 cDNA FLJ59922, highly similar to Keratin, type II cytoskeletal 5 1.784 0.000395733 / /

 11 Collagen alpha‑1(XII) chain 1.779 0.000144431 / /

 12 Thrombospondin 1, isoform CRA_a 1.777 8.63908E‑07 / /

 13 Ferritin 1.714 0.000459552 / /

 14 Adipocyte enhancer‑binding protein 1 1.705 0.001401442 / /

 15 Ethylmalonic encephalopathy 1 isoform 3 1.699 0.001812266 / /

 16 cDNA FLJ25992 fis 1.662 0.006486008 / /

 17 Periostin isoform thy6 1.643 2.87503E‑11 / /

 18 Collagen, type XII 1.631 0.011170308 / /

 19 Epididymis secretory sperm binding protein 1.627 1.42457E‑29 0.84 0.24960811

 20 UDP‑glucose 4‑epimerase 1.621 0.001662 / /

Down‑regulated

 1 Adhesion G‑protein‑coupled receptor G1 0.48 0.019987729 / /

 2 cDNA FLJ53570, highly similar to Keratin, type I cytoskeletal 16 0.534 0.024382628 / /

 3 A‑gamma globin Osilo variant 0.535 2.444E‑14 / /

 4 Huntingtin interacting protein‑1 0.58 0.003860445 / /

 5 Ribosomal protein L19 0.585 0.049612805 / /

 6 cDNA, FLJ79193, highly similar to Beta‑1,4‑galactosyltransferase 1 0.593 0.000695376 / /

 7 Trefoil factor 3 0.621 9.53882E‑08 0.406 0.010563374

 8 UPF0764 protein 0.623 0.008144689 / /

 9 Hemoglobin alpha‑2 globin mutant 0.638 8.85393E‑08 0.728 0.268025154

 10 Sulfotransferase 0.639 0.000824192 / /

 11 60S ribosomal protein L6 0.65 0.006101454 / /

 12 Sulfhydryl oxidase 0.663 8.65178E‑05 / /

 13 Carbonic anhydrase 1 0.67 5.56952E‑27 0.65 5.44636E‑06

 14 Retinoid‑inducible serine carboxypeptidase 0.676 0.00147738 / /

 15 ER membrane protein complex subunit 1 0.68 0.019411598 / /

 16 Erythrocyte membrane protein band 4.2 0.687 0.022202241 / /

 17 Hemoglobin subunit alpha 0.692 1.60939E‑42 0.694 0.019044979

 18 Creatine kinase B‑type 0.697 1.23955E‑08 0.805 0.17691894

 19 cDNA FLJ51076, weakly similar to LIM domain only protein 7 0.707 0.002702647 / /

 20 cDNA FLJ76704, highly similar to Homo sapiens leukemia inhibitory 
factor receptor (LIFR)

0.71 0.018325546 / /
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see the general profile of those proteins in global and 
acetylated proteomics between the groups of Ca-T and 
Ca-N, hierarchical clustering was performed. As shown 

in Fig. 3, the profile of acetylated proteomics between the 
groups of Ca-T and Ca-N revealed a more pronounced 
change than that of global proteomics. More proteins 

Table 2 Top 20 changed DEAPs in acetylated proteomics

/ Not identified

Description DEAP DEP

Ca‑T vs Ca‑N p‑value Ca‑T vs Ca‑N p‑value

Up‑regulated

 1 Ribosomal protein L18a‑like protein 2.572 0.003707381 / /

 2 Alpha‑1‑acid glycoprotein 2 2.557 0.00306434 1.19 0.012107743

 3 Eukaryotic peptide chain release factor GTP‑binding subunit ERF3A 2.538 0.008127735 1.006 0.525148945

 4 Glyoxalase domain‑containing protein 4 2.449 0.020169829 / /

 5 Aminopeptidase B 2.314 0.043350089 1.014 0.884044368

 6 Importin‑7 2.025 0.025222666 / /

 7 Fibronectin 1 1.853 3.77348E‑26 3.181 8.0355E‑119

 8 Calreticulin variant 1.789 0.003447804 0.936 5.44652E‑06

 9 Phosphatidylethanolamine‑binding protein 1 1.714 1.89684E‑10 0.939 0.125084426

 10 Moesin 1.695 0.027378163 1.091 1.27729E‑05

 11 Vesicular integral‑membrane protein VIP36 1.665 0.006603029 0.93 0.049104234

 12 Periostin, osteoblast specific factor, isoform CRA_a 1.652 0.004624051 / /

 13 Profilin 1.638 0.02402358 1.034 0.091470985

 14 Reticulon 4 receptor‑like 2 1.597 0.0110701 0.756 5.62348E‑07

 15 GTP‑binding nuclear protein Ran 1.595 0.013634802 1.012 0.40861548

 16 Glucose‑6‑phosphate isomerase 1.583 0.011011616 0.905 1.40188E‑05

 17 Glutathione S‑transferase 1.511 0.001672493 / /

 18 Dipeptidyl peptidase 2 1.469 0.046930984 1.085 0.323364607

 19 ADP‑ribosylation factor 5 1.439 0.031271204 / /

 20 ADP‑ribosylation factor 4 1.387 0.016834738 0.945 0.482804157

Down‑regulated

 1 Trefoil factor 3 0.406 0.010563374 0.621 9.539E‑08

 2 Thyroglobulin 0.542 0.007670257 0.993 0.630028771

 3 Histone H2B 0.554 0.002104 0.917 0.000105677

 4 Uncharacterized protein DKFZp686G03277 0.583 0.000299479 / /

 5 Histone H2B type 1‑O 0.615 2.73965E‑06 / /

 6 Small nuclear ribonucleoprotein Sm D2 0.64 0.0300279 0.901 0.212725423

 7 Carbonic anhydrase 1 0.65 5.44636E‑06 0.67 5.56952E‑27

 8 cDNA FLJ46620 fis, clone TLUNG2000654, highly similar to Keratin, type II 
cytoskeletal 7

0.679 0.002421842 / /

 9 Liver histone H1e 0.686 0.00438445 / /

 10 Hemoglobin subunit alpha 0.694 0.019044979 0.692 1.60939E‑42

 11 Collagen alpha‑1(VI) chain 0.72 0.04994192 0.919 0.004203776

 12 Plectin 0.724 0.034564102 1.118 1.17189E‑15

 13 Heterogeneous nuclear ribonucleoprotein A0 0.729 0.00721017 / /

 14 Phosphoglycerate kinase 0.735 0.04306316 0.927 1.23498E‑11

 15 40S ribosomal protein S2 0.737 0.046694313 1.028 0.361381311

 16 Phosphoglucomutase‑2 0.74 0.038894305 0.969 0.171058694

 17 Collagen alpha‑2(I) chain 0.749 1.327E‑05 1.263 8.25091E‑11

 18 Fatty acid‑binding protein 0.759 0.006083165 0.855 0.012262904

 19 cDNA FLJ52561, highly similar to Four and a half LIM domains protein 1 0.761 0.016453591 / /

 20 Immunoglobulin heavy constant gamma 3 0.774 0.041659375 0.97 0.013691918
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displayed increased acetylated profiling in Ca-T and 
decreased acetylated profiling in Ca-N.

Validation of the selected DEPs and DEAPs by Western 
blots
To validate the screening results for DEPs and DEAPs 
based on MS/MS, the expressions of four proteins, 
including fibronectin 1 (Fib), carbonic anhydrase 1 
(CA1), chitinase 3 like protein 1 (CHI3L1) and metal-
loproteinase inhibitor 1 (TIMP1), in the samples of 
Ca-T and Ca-N were evaluated by the Western blots. 
The changed states of those four proteins of Ca-T vs 
Ca-N in global proteomics and acetylated proteomics 

were 3.181 and 1.853 (Fib), 0.67 and 0.65 (CA1), 2.666 
and undetectable (CHI3L1), 2.23 and undetectable 
(TIMP1), respectively (Fig. 4A). Western blots revealed 
that the signals of Fib, CHI3L1 and TIMP1 in the sam-
ples of Ca-T were stronger than that of Ca-N, while 
the band of CA1 in Ca-T sample was much weaker 
(Fig.  4B). Further, the acetylated extracts from Ca-T 
and Ca-N were prepared and subjected into the West-
ern blots with individual specific antibodies. As shown 
in Fig.  4B, the signal of acetylated Fib in Ca-T was 
stronger than that of Ca-N. Acetylated CA1 band was 
observed only in Ca-N. No specific acetylated CHI3L1 
and TIMP1 signal was identified both in Ca-T and 
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Fig. 3 Hierarchical clustering analysis for the proteins identified in global and acetylated proteomics
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Ca-N tissues. Those data validate, at least partially, the 
results of the proteomic assays.

Involvement of the significant pathways
To analyze the involved metabolic and signaling path-
ways by DEPs or DEAPs in tumor tissues, Kyoto Ency-
cloppedia of Genes and Genomes (KEGG) pathway 
analyses were conducted using software of KOBAS2.0. 

In global proteomics, 78 pathways were involved but only 
4 pathways were significantly changed (P < 0.05), includ-
ing mineral absorption, protein digestion and absorp-
tion, nicotinate and nicotinamide metabolism and relax 
in signaling pathway (Table 3). In acetylated proteomics, 
37 pathways were identified, among them 3 pathways 
showed significance (P < 0.05), including proteoglycans in 
cancer, viral carcinogenesis and tight junction (Table 3).

Fig. 4 Western blot validation of four selected proteins (Fib, CA1, CHI3L1, TIMP1) identified in omic assays. A The changed folds or statuses of the 
four selected proteins in omics assays. B Western blots. Upper blots each panel: the extracts from Ca‑T and Ca‑N samples blotted with the specific 
antibodies against individual target proteins. Middle blots each panel: the extracts from Ca‑T and Ca‑N samples blotted with the antibody to 
β‑actin. Lower blots each panel: the acetylated extracts from Ca‑T and Ca‑N samples blotted with the specific antibodies against individual target 
proteins

Table 3 KEGG pathways based on DEPs and DEAPs

Pathway P‑value Protein 
in Diff 
Exp

Protein in 
Background

Global proteomics 

 1 Mineral absorption 0.000967 3 Cytochrome b reductase 1 (0.726), Metallothionein‑2 (0.715), 
Ferritin light chain (1.612)

5

 2 Protein digestion and absorption 0.009736 3 Collagen alpha‑1(III) chain (1.258), Collagen alpha‑1(I) chain 
(1.247), Dipeptidyl peptidase 4 (1.547)

10

 3 Nicotinate and nicotinamide metabolism 0.020222 2 Purine nucleoside phosphorylase (1.27), Nicotinamide N‑methyl‑
transferase (1.402)

5

 4 Relaxin signaling pathway 0.036907 3 Collagen alpha‑1(III) chain (1.258), Collagen alpha‑1(I) chain 
(1.247), Guanine nucleotide‑binding protein G(I)/G(S)/G(O) 
subunit gamma‑12 (0.761)

16

Acetylated proteomics

 1 Proteoglycans in cancer 0.002704 3 Decorin (1.299), Lumican (1.22), Moesin (1.695) 4

 2 Viral carcinogenesis 0.011823 3 Histone H2B type 1‑O (0.615), Complement C3 (1.221), 14‑3‑3 
protein theta (1.215)

6

 3 Tight junction 0.04352 2 Moesin (1.695), Myosin regulatory light chain 12A (0.81) 4
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GO ontology description
To characterize the distributions of DEPs and DEAPs in 
cellular processes, GO analysis was conducted and the 
significantly affected processes (P < 0.05) were counted. 
In the categories of cellular component, biological pro-
cess and molecular function, the numbers of the affected 
processes based on global proteomics were 67, 400 and 
73, while those based on acetylated proteomics were 28, 
121 and 3, respectively.

The top ten affected biological processes each category 
based on the P values and the involved protein numbers 
in global and acetylated proteomics were separately cal-
culated. In the category of cellular component (Fig. 5A), 
they were extracellular region, extracellular matrix, 
extracellular region part, collagen-containing extracellu-
lar matrix, hemoglobin complex, intermediate filament, 
extracellular matrix component, supramolecular fiber, 
supramolecular complex and supramolecular polymer 
in global proteomics, while DNA packaging complex, 
protein-DNA complex, nucleosome, chromosomal part, 
chromatin, intracellular organelle, organelle, extracellular 
space, extracellular region and extracellular region part 
in acetylated proteomics. Two processes (extracellular 
region and extracellular region part) were identified in 
both global and acetylated proteomics.

In the category of biological process (Fig. 5B), the top 
ten affected functions were collagen fibril organization, 
biological adhesion, cell adhesion, skin development, 
peptide cross-linking, positive regulation of T cell activa-
tion, regulation of biological quality, positive regulation 
of leukocyte cell-cell adhesion, T cell co-stimulation and 
lymphocyte co-stimulation in global proteomics, while 
inflammatory response, negative regulation of phospho-
rus metabolic process, negative regulation of protein 
modification process, negative regulation of phospho-
rylation, negative regulation of protein phosphorylation, 
negative regulation of phosphate metabolic process, 
cytokine production, response to bacterium, positive reg-
ulation of cytokine production and defense response in 
acetylated proteomics. These top 10 processes were not 
overlap between two omics assays.

In the category of molecular function (Fig. 5C), the top 
ten affected functions were structural molecule activity, 
extracellular matrix structural constituent, oxygen bind-
ing, oxygen carrier activity, metal ion binding, calcium 
ion binding, cation binding, molecular carrier activity, 
heme binding, tetrapyrrole binding in global proteom-
ics, while protein binding, extracellular matrix structural 
constituent conferring compression resistance, pro-
tein N-terminus binding, kinase binding, protein kinase 
binding, protein heterodimerization activity, ribonucle-
ase activity, phosphoglycerate kinase activity, G-protein 
coupled receptor binding and Ran GTPase binding in 

acetylated proteomics. None of the top 10 processes 
overlapped in two omics assays.

Discussion
In this study the global expressing proteomic and acety-
lated proteomic profiles of the tumor tissues of PTC were 
analyzed compared to the normal tissues adjacent to the 
lesions. Although the data in this study are not obtained 
from the proteomic assay of individual cases, pooled 
samples from 10 cases of PTC with the same TNM stage 
(III) might, to some extents, balance the individual dif-
ferences. More proteins and differentially expressed ones 
has been identified in the assay of global proteomics than 
that of acetylated proteomics. We believe that it is rea-
sonable, as compared with thousands of proteins there 
are about 1,750 proteins acetylated nearly at 3,600 sites 
[13, 14]. Another possibility may drive from the prepar-
ing processes for mass spectrometry, as the enrichment 
process of the acetylated peptides from the tested sam-
ples is conducted after the extraction of the whole pro-
teins, which may result in loss of some peptides. On 
the other hand, we have found that 75.4% of DEAPs are 
detectable in global proteomics, while only 20.4% DEPs 
are seen in acetylated proteomics. It highlights that the 
extraction of acetylated peptides may help to enrich 
those of relatively low abundance.

Obviously, there is a small portion of the differentially 
expressed proteins can be identified both in global and 
acetylated proteomics. 7 out of 40 mostly changed DEPs 
are detectable in acetylated proteomics and 6 of them 
are considered as DEAPs. 28 out of 40 mostly changed 
DEAPs are identifiable in global proteomics and only 6 
are classified as DEPs. Only two DEAPs show different 
altering direction, i.e., reticulon 4 receptor-like 2 (1.579 in 
acetylated and 0.756 in global proteomics) and collagen 
alpha-2(I) chain (0.749 in acetylated and 1.263 in global 
proteomics). The rest of the mostly changed DEPs and 
DEAPs shows the same changing direction, or maintains 
unchanged, or is undetectable in the opposite technique.

We have also reviewed the top 10 up- and down-reg-
ulated DEPs and DEAPs in thyroid cancer and other 
cancers from literatures and summarized the results 
in Table  4. All 10 of the mostly up-regulated DEPs in 
this study have already addressed in other types of can-
cers showing overexpression, i.e., fibronectin 1 [7, 15], 
chitinase-3-like protein 1 [16, 17], metalloproteinase 
inhibitor 1 [18, 19], thrombospondin-2 [20, 21], throm-
bospondin type 1 [22, 23], TNC protein [24, 25], KRT1B 
protein, dermcidin [26], keratin, type II cytoskeletal 5 
[27]. Among them, KRT1B protein, dermcidin and kera-
tin, type II cytoskeletal 5 are not well addressed in thy-
roid cancer. Except UPF0764 protein and A-gamma 
globin Osilo variant, 8 of the top 10 down-regulated 
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DEPs have also mentioned in other types of cancers, 
adhesion G-protein-coupled receptor G1 (decreased) 
[28], keratin-type I cytoskeletal 16 [27], Huntingtin 

interacting protein-1 (decreased) [29], ribosomal pro-
tein L19 (increased) [30], Beta-1,4-galactosyltransferase 
1 (negatively regulates cell survival) [31], trefoil factor 3 

Fig. 5 Top 10 affected processes in GO analysis based on the DEPs and DEAPs in Ca‑T compared to Ca‑N samples. A Category of cellular 
component. B Category of biological process. C Category of molecular function. The numbers of the significantly changed proteins each process 
are indicated on the columns
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(decreased) [32, 33], hemoglobin alpha-2 globin mutant 
[34], sulfotransferase [35, 36]. Contrarily, only 2 proteins, 
trefoil factor 3 and sulfotransferase are addressed in thy-
roid cancer.

Unlike the proteomic assays for cancers, the pro-
tein acetylation status in carcinomas is relatively 
poorly understood. Reviewing the top 10 increased 

and decreased DEAPs in this study from the literatures 
(Table  4), we find a few of proteins having their acety-
lated data, such as alpha-1-acid glycoprotein 2 in cystic 
ovarian tumors [37] and histone H2B in a bioluminescent 
orthotopic surgical xenograft model of ovarian cancer 
[38], although majority of them has been proposed to be 
associated with various malignant tumors. Notably, three 

Table 4 The top 10 up‑ and down‑regulated DEPs and DEAPs addressed in the literatures

Proteomics Change Protein Papillary thyroid carcinoma Other cancers

Global Up‑regulated Fibronectin 1 Y, increased [1] Y, increased [2]

cDNA FLJ53365, highly similar to fibronectin 1, transcript variant 4 Y, increased Y, increased

KRT1B protein N Y, increased [3]

Chitinase‑3‑like protein 1 Y, increased [4] Y, increased [5]

Metalloproteinase inhibitor 1 Y, increased [6] Y, increased [7]

Dermcidin N Y, increased [8]

Thrombospondin‑2 Y, increased [9] Y, increased [8]

Thrombospondin type 1 Y, increased [10] Y, increased [11]

TNC protein Y, increased [12] Y, increased [13]

Keratin, type II cytoskeletal 5 N Y, increased [14]

Down‑regulated Adhesion G‑protein‑coupled receptor G1 N Y, [15]

Keratin, type I cytoskeletal 16 N Y, [14]

A‑gamma globin Osilo variant N N

Huntingtin interacting protein‑1 N Y, [16]

Ribosomal protein L19 N Y, [17]

Beta‑1,4‑galactosyltransferase 1 N Y, [18]

Trefoil factor 3 Y, decreased [19] Y, decreased [20]

UPF0764 protein N N

Hemoglobin alpha‑2 globin mutant N Y, [21]

Sulfotransferase Y, [22] Y, [23]

Acetylated Up‑regulated Ribosomal protein L18a‑like protein N N

Alpha‑1‑acid glycoprotein 2 N Y, [24]

Eukaryotic peptide chain release factor GTP‑binding subunit ERF3A N N

Glyoxalase domain‑containing protein 4 N N

Aminopeptidase B N N

Importin‑7 N N

Fibronectin 1 N N

Calreticulin variant N N

Phosphatidylethanolamine‑binding protein 1 N N

Moesin N N

Down‑regulated Trefoil factor 3 N N

Thyroglobulin N N

Histone H2B N Y, [25]

Uncharacterized protein DKFZp686G03277 N N

Histone H2B type 1‑O N N

Small nuclear ribonucleoprotein Sm D2 N N

Carbonic anhydrase 1 N N

Keratin, type II cytoskeletal 7 N N

Liver histone H1e N N

Hemoglobin subunit alpha N N
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acetylated forms of histone proteins, H2B, H2B type 1-O 
and liver H1e, are down-regulated in the tumor tissues. 
Acetylation and deacetylation of histone are the two 
important processes amongst the different modes of epi-
genetic modulation that are involved in regulating cancer 
initiation and development [39]. Abnormal expression of 
histone deacetylases (HDACs) is often reported in vari-
ous types of cancers, e.g., overexpression of HDAC1-3 in 
ovarian cancer, overexpression of HDAC 1 and 3 in lung 
cancer and overexpression of HDAC2 in gastric cancer 
[39]. Overexpression of HDAC leads to enhanced dea-
cetylation of histones, and subsequently increases the 
gravitational attraction between DNA and histones and 
compacts the loose nucleosome against the expression of 
certain genes, including some tumor suppressor genes, 
which makes HDAC inhibitors be potent drug mole-
cules [40]. Low acetylated levels of different histones in 
tumor tissues in comparison with the adjacent normal 
tissues in this study may also reflect an active status of 
HDACs in papillary thyroid cancer, though the level of 
HDAC in tumor tissues seems not change significantly 
in comparison with that of normal tissues by global pro-
teomics (Ca-T/ Ca-N, 0.937 in histone deacetylase and 
1.065 in histone deacetylase complex subunit SAP18, 
respectively).

Functional GO annotation analysis and KEGG path-
way analysis based on the DEPs and DEAPs show com-
pletely different pictures, in which only two biological 
processes are commonly seen among the top 10 involved 
processes in the context of three categories of GO analy-
sis. We believe that it is because of the difference in the 
proteins differentially expressed in the assays of global 
and acetylated proteomics. Global proteomics evalu-
ates the differences in the components and alterations of 
proteins among the tested samples, whereas acetylated 
proteomics reflects the difference in protein acetylation, 
one of the protein post-translational processes,. Taken 
the whole profiling of those two proteomics together will 
give us more broad view of protein alterations on the car-
cinogenesis of PTC.

Conclusions
In this study, we have, for the first time, screened 
the profiles of global and acetylated proteomics of 
PTC controlled with the normal tissues adjacent to 
the lesions in parallel. In total, 147 proteins in global 
proteomics and 57 proteins in acetylated proteom-
ics in tumor tissues are considered as differentially 
expressed. Only small proportion of the significantly 
changed proteins are found both in global and acety-
lated proteomics, leading to only two out of the top 
10 processes overlap in GO assay and no pathway 

overlap in KEGG pathway assay. As global proteomics 
evaluates the changes of protein levels and acetylated 
proteomics reflects the alterations of protein post-
translation affecting protein activity, evaluation of the 
changes in those two proteomics techniques together 
will help to reveal the pathogenesis of PTC more 
comprehensively.
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