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Abstract. The serum lipid profile and clinical outcomes of 
cancer patients are commonly correlated in a wide range 
of carcinomas. However, few studies have investigated the 
serum lipid profile of patients with thyroid cancer (TC). The 
present study therefore aimed to analyze the lipid profiles of 
patients with TC. The serum proteomes of 31 participants 
with stage I‑IV TC were screened using Orbitrap Q Exactive 
Plus. Analytical data collected between November 1, 2013 
and November  11,  2018 from the laboratory information 
system included the total cholesterol (CHO), triglyceride 
(TG), high‑density lipoprotein‑cholesterol (HDL‑C), 
low‑density lipoprotein cholesterol (LDL‑C), apolipoprotein 
A1 (ApoA1), lipoprotein (a) and apolipoprotein B (ApoB) 
levels that were used to validate the screening results. A total 
of 3875 outpatients were enrolled in this study. A number 
of 17 differentially expressed proteins were identified. An 
Ingenuity pathway analysis identified activation of the liver 
X receptor/retinoid X receptor (LXR/RXR) activation, which 
is a crucial pathway involved in lipid metabolism. The results 
demonstrated that the total CHO levels were significantly 
different between patients with TC and control groups, both 
in men and women. In women, the levels of TG, HDL‑C, Apo 
A1 and LDL‑C/HDL‑C were significantly different between 
patients with TC and control groups (all P<0.05). Higher 
concentrations of TG and LDL‑C/HDL‑C were observed in 
the cancer group compared with the control group. However, 
lower levels of Apo A1 and HDL‑C were observed in women 

from the cancer group compared with the control group. 
The results from the present study revealed the presence of 
a disordered lipid profile in patients with TC. The molecular 
mechanism underlying the association between lipid 
metabolism and cancer requires further investigation and 
may be used to develop novel diagnostic biomarkers and 
therapeutic targets in human cancers.

Introduction

Thyroid cancer (TC) is the most prevalent type of endocrine 
carcinoma worldwide (1). The incidence of this disease peaks in 
the third and fourth decades of life (2). TC originates from the 
follicular epithelium in >95% of all TCs, including papillary 
thyroid carcinoma (PTC; 85%), follicular thyroid carcinoma 
(FTC, 11%) and anaplastic thyroid carcinoma (ATC; 4%). 
Furthermore, medullary thyroid cancer, which originates from 
the parafollicular cells of the thyroid, accounts for <5% of all 
TCs (3,4).

According to the 1975‑2016 Surveillance, Epidemiology, 
and End Results reports (5), the incidence of PTC increased 
from 4.8 to 14.9 per 100,000 people. The ratio of male to 
female papillary thyroid cancer is usually about 1:2.5. The 
highest proportion of women in 30‑50 years old patients. This 
sex‑based disparity is also specific to the histologic subtype of 
TC. Specifically, the more aggressive subtypes TC, ATC and 
MTC, the more similar rates of incidence in men and women 
have similar incidence rates in men and women (6).

At present, proteomics studies mainly use the techniques of 
matrix‑assisted laser desorption ionization time‑of‑flight mass 
spectrometry and surface‑enhanced laser desorption/ioniza-
tion time‑of‑flight mass spectrometry  (7). These simple 
methods are used to identify spectral fingerprints for prognosis 
and diagnosis. However, these methodologies offer poor sensi-
tivity and an inability to convincingly identify proteins (8,9). 
In addition these techniques require a labor‑intensive sample 
preparation protocol when used for the analysis of large sample 
sets (10). Alternatively, Orbitrap Q Exactive plus is a method 
that can be used to screen differentially expressed proteins; this 
technology combines quadrupole ion selection with Orbitrap 
high‑resolution scanning to provide high‑quality full‑scan and 
tandem mass spectrometry (MS/MS) data, yielding therefore 
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a superior performance and operability compared with other 
types of hybrid MS/MS (11).

The study of abnormal tumor lipid metabolism represents 
a new field of research that has recently received increasing 
interest. The crosstalk between tumor cells and tumor‑asso-
ciated stromal cells can modulate the tumor high metabolic 
demands. Notably, tumor cells require a high fatty acid 
turnover rate to provide the energetic and synthetic require-
ments for the growing tumor (12). In addition, previous studies 
reported that patients' lipid profile, including lipid molecules 
[cholesterol (CHO), triglycerides (TG), high‑density lipopro-
tein‑cholesterol (HDL‑C), low‑density lipoprotein‑cholesterol 
(LDL‑C), apolipoprotein A1 (ApoA1), and apolipoprotein B 
(ApoB)] and their derivative indexes (LDL‑C/HDL‑C ratio 
and ApoB/ApoA1 ratio) are associated with various types of 
carcinoma (13,14).

To the best of our knowledge, only a few studies have 
investigated the use of a serum lipid profile as a diagnostic tool 
for TC. The present study aimed to identify a diagnostic serum 
lipid profile for TC by using a proteomics‑based approach with 
the Orbitrap Q Exactive plus, and to validate this differential 
lipid profile in a large population.

Materials and methods

Training study and participants. A total of 61 participants 
were recruited from the Beijing Peking Union Medical 
College Hospital (PUMCH) and the Zhejiang Cancer Hospital 
between February 2017 and January 2018. Patients were 
divided into three groups as follows: i) 15 healthy controls 
(HC); ii)  15  patients with benign thyroid nodules (TN); 
and iii) 31 patients with TC. Patients with TC were further 
divided into three subgroups according to tumor histological 
analysis and morphology as follows: i) 15 patients with PTC; 
ii) 10 patients with medullary thyroid cancer (MTC); and 
iii) 6 patients with FTC.

Validation study design and participants. Data from 
patients with TC admitted between November 1, 2013 and 
November 11, 2018 were collected from the outpatient depart-
ment of the PUMCH. The lipid metabolism data included the 
CHO, TG, HDL‑C, LDL‑C, ApoA1, lipoprotein (a) and ApoB 
levels. Additional information was obtained from the labora-
tory information system (LIS) A total of 3875 outpatients were 
enrolled in the study. Lipid profiles were divided into two 
groups, the cancer (PTC, FTC and MTC) and control (TN 
and HC) groups. This study enrolled 462 male patients with 
cancer, 889 male controls, 1255 female patients with cancer 
and 1269 female controls.

Each cancer group, according to whether there exists the 
cervical lymph node metastasis, was divided into the metas-
tasis and non‑metastasis groups. The information collected 
from the laboratory information system included the identifi-
cation number, name, sex, age, hospital department, diagnosis 
and the results of thyroid function and lipid metabolism tests 
of patients with TC. The data were analyzed after removing all 
personal identification information. A statistical method was 
used to exclude outliers according to the exclusion criteria. 
Outlying values were identified using Tukey's method, which 
involves the computation of the 25th (Q1) and 75th (Q3) 

percentiles and the interquartile range (IQR=Q3‑Q1). Outliers 
were excluded based on the following formula: Q1‑3IQR and 
Q3+3IQR (15).

Inclusion criteria and exclusion criteria for the training 
and validation studies. The inclusion criteria for the 
training and validation studies were as follows: i) Patients with 
TC aged ≥18 years old; ii) patients diagnosed with PTC, MTC 
and FTC following postoperative histopathological analysis; 
and iii) patients with thyroid nodules measuring ≥1 cm in 
diameter. Furthermore, patients with TN were included 
according to the following features: i)  They were aged 
≥18 years old; ii) they had thyroid nodules ≥1 cm in diameter 
as confirmed via ultrasonography; and iii) they had been diag-
nosed with TN by a physician. HC group comprised healthy 
volunteers who underwent a health checkup at the PUMCH 
and who had clear thyroid ultrasonography results. Healthy 
volunteers were excluded according to the following criteria: 
i) They presented with systemic diseases, including diabetes 
mellitus, hypertension, cancer or other cardiovascular, renal, 
gastrointestinal or pulmonary diseases; ii) they had recurrent 
TC; iii) they had surgery within 6 months preceding the study; 
and/or (4) they were taking treatment for thyroid diseases prior 
to the analysis. No differences in diet were observed among 
all participants. A total of 1 ml serum was obtained from the 
eligible candidates. In the cancer group (PTC, MTC, FTC) 
and TN group, the serum was taken prior to surgery and stored 
at ‑80˚C. The histopathological assessment and classification 
were conducted according to the criteria of the World Health 
Organization (16). Informed consent was obtained from each 
patient included in this study. The study and procedures were 
approved by the Institutional Research Ethics Committee of 
the PUMCH.

Sample preparation for the training study. Serum samples were 
depleted from immunoglobulin (Ig) G and albumin using the 
ProteoPrep Blue Albumin and IgG Depletion Kit (PROTBA; 
Sigma‑Aldrich; Merck KGaA) according to the manufacturer 
s instructions. The protein concentration after depletion and 
vacuum concentration was evaluated by the Bradford method. 
A total of 40 µg protein lysate per sample was reduced with 
25 mM DTT at 60˚C for 30 min and alkylated with 50 mM 
iodoacetamide in the dark for 10 min. After alkylation, the 
sample was loaded onto an ultrafiltration filter (10 kDa cut‑off; 
Sartorius AG) for FASP digestion. Trypsin was added at a ratio 
of 1:100 (enzyme: Protein) at 37˚C for 14‑16 h. The samples 
were spun at 20,000 g at 4˚C for 10 min. Peptides were then 
desalted using Ziptip pipette tips containing C18 media (Merck 
KGaA) according to the manufacturer's instructions.

High pH reversed phase fractionation. The digests from 
sample preparation were further fractionated using high pH 
reversed phase chromatography. A reverse chromatography 
column (XBridge® peptide BEH C18; Waters Corp) combined 
with the RIGOL L‑3000 system (Rigol Technologies, Inc.) 
were used to separate the mixed peptides in the sample. The 
peptide mixtures were dissolved in 100 µl mobile phase A [2% 
(v/v) acetonitrile, 98% (v/v) ddH2O; pH 10] and centrifuged at 
14,000 x g at 4˚C for 20 min. The supernatant loaded onto the 
column and eluted stepwise by injecting mobile B [98% (v/v) 
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acetonitrile, 2% (v/v) ddH2O; pH 10]. The flow rate was set 
at 700 µl/min. The fractions were eluted (1.5 min each) and 
collected using step gradients of mobile phase B (5.0, 5.0, 8.5, 
20.5, 31.0, 90.0, 95.0, 5.0 and 5.0%).

Mass spectrometric data analysis. Date from data‑indepen-
dent acquisition were analyzed using the Spectronaut Pulsar X 
software (Biognosys AG). Data‑dependent acquisition (DDA) 
spectra were analyzed using the Proteome Discoverer analysis 
software (version 2.1; Thermo Fisher Scientific, Inc.) with 
the default settings ‘trypsin/P’ and ‘two missed cleavages’. 
The DDA files were searched against the human Swiss‑Prot 
FASTA database (www.uniprot.org/uniprot/?query=proteome: 
UP000005640%20reviewed:yes; state 15.03.2018; 20,240 
entries) and the Biognosys iRT peptides FASTA database 
(biognosys.com/shop/irt‑kit#SupportMaterials; uploaded to 
the public repository).

Laboratory measurements for the validation study. The CHO, 
TG, HDL‑C, LDL‑C, ApoA1, ApoB, lipoprotein (a) and free 
fatty acid (FFA) levels were measured using a Beckman AU 
Series Automatic Biochemical Analyzer (Beckman Coulter, 
Inc.) and reagents from Sekisui Medical Co. Ltd. Biochemical 
laboratories that participated in this survey followed a common 
internal quality control program that had been standardized by 
the PUMCH.

Statistical analysis. The Kolmogorov‑Smirnov test 
was used to estimate the distribution of data. Normally 
distributed continuous variables were presented as the 
means ± standard deviations. A one‑way ANOVA followed 
by the Student‑Newman‑Keuls post hoc test was used for 
statistical analysis. Variables with a skewed distribution were 
presented as medians (interquartile ranges). The Student's 
t‑test was used to determine the significance between two 
groups, the Mann‑Whitney U test was used to compare differ-
ences between groups and the Kruskal‑Wallis test was used 
to compare differences among groups. The quoted P‑values 
were two‑sided, and a P‑value <0.05 was considered statisti-
cally significant. All statistical analyses were performed using 
SPSS 20.0 (IBM Corp.).

Results

Clinical characteristics of study participants. The demo-
graphic data of the participants are provided in Table  I. A 
total of 61 samples were included in the five groups. Among 
the 15 patients with HC, 15 patients with TN and 15 patients 
with PTC, the male‑to‑female ratio was 1:3. No significant 
differences in age were observed among these three groups. 
However, age comparisons of participants with FTC and MTC 
vs. patients with TN, HC and PTC were all significant (P<0.05).

Detection and identification of total proteins and differentially 
expressed proteins. Total proteins were analyzed by Student's 
t‑tests to determine the significance between two groups 
(FTC_HC, PTC_HC, MTC_HC, FTC_TN, PTC_TN, MTC_
TN) with the Perseus software (version 1.5.0.31; Max‑Planck 
Institute of Biochemistry). The q‑values were calculated on the 
basis of permutation‑based false‑discovery rate (FDR) default 

setting in Perseus. The significance threshold of P‑values was 
0.05. Ratio cut‑off values were set as 2 or 0.5. Differentially 
expressed proteins were designated when meeting the two 
following requirements simultaneously: i)  P<0.05; and 
ii) ratios ≥2 (upregulated) or ≤0.5 (downregulated). The FDR 
values of the differentially expressed proteins are shown in 
Data S1. A total of 29 proteins expressed in patients with PTC, 
FC, MC and HC were identified. Furthermore, 39 proteins 
were expressed in patients with PTC, FC, MC and TN. In 
addition, the intersections between these two sets of proteins 
were assessed. After considering the P‑values and ratio, 17 
differentially expressed proteins were identified. The results 
are presented in Figs. 1 and 2. Eight and nine proteins were 
upregulated (ratio >2) and downregulated (ratio <0.5), respec-
tively, in the TC group compared with the non‑TC groups 
(Table II). These 17 proteins included ApoA1, ApoA2 and 
ApoA4, which are involved in lipid metabolism.

Ingenuity pathway analysis (IPA) network and pathway anal-
ysis. IPA software (Winter 2018 release; Qiagen, Inc.) was used 
to conduct network analyses of the 17 differentially expressed 
proteins in the serum samples of individuals with and without 
TC. The IPA software calculated the P‑values using Fisher's 
exact test and the p score (p score=‑lgP‑value) in order to assess 
the probability that the submitted proteins in a protein‑protein 

Table I. Summary of the serum samples collected from the 
patients in the training study.

	 Number	 Age		  Sex 
Group	 (n)	 (mean ± SD)	 P‑value	 (male: female)

HC	 15	 43.8±9.13	 0.102a	 4:11
TN	 15	 49.6±10.38		  4:11
PTC	 15	 43±7.37		  4:11
FTC	   6	 60.2±17.66	 <0.05b	 1:5
MTC	 10	 54.1±13.2	 <0.05c	 2:3 

aComparison of age among the three groups. bAge of individuals 
with FTC compared with those with TN, HC and PTC. cAge of indi-
viduals with MTC compared with those with TN, HC and PTC. FTC, 
follicular thyroid carcinoma; HC, healthy controls; MTC, medullary 
thyroid cancer; PTC, papillary thyroid carcinoma; SD, standard 
deviation; TN, thyroid nodules.

Figure 1. Venn diagrams used to identify 17 differentially expressed 
proteins. (A) Proteins expressed in the PTC, FTC, MTC and HC groups 
(n=29). (B) Proteins expressed in the PTC, FTC, MTC and TN groups (n=6). 
(C) Differentially expressed proteins (n=17). P<0.05 and ratio ≥2 or ≤0.5. 
FTC, follicular thyroid carcinoma; HC, healthy controls; MTC, medullary 
thyroid cancer; PTC, papillary thyroid carcinoma; TN, thyroid nodules.
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interaction would be matched by random chance. To do so, the 
17 differentially expressed proteins were imported into IPA 
software, and the top six generated pathways are presented in 

Table III. The LXR/RXR activation networks are described in 
Fig. 3. The results demonstrated that the lipid profile of HDL, 
LDL, ApoA1 and ApoA4 existed in the LXR/RXR activation 

Table II. Expression of the 17 differential proteins.

Protein groups	 Protein description	 Up or downregulation	 Fold change_(cancer/control)

A4_HUMAN	 Amyloid beta A4 protein	 Down	 0.0433
APOA4_HUMAN	 Apolipoprotein A‑IV	 Down	 0.134
APOA1_HUMAN	 Apolipoprotein A‑I	 Down	 0.258
FINC_HUMAN	 Fibronectin	 Down	 0.259
VTNC_HUMAN	 Vitronectin	 Down	 0.298
APOA2_HUMAN	 Apolipoprotein A‑II	 Down	 0.337
GELS_HUMAN	 Gelsolin	 Down	 0.356
C4BPB_HUMAN	 C4b‑binding protein beta chain	 Down	 0.403
FA10_HUMAN	 Coagulation factor X	 Down	 0.435
CNTN1_HUMAN	 Contactin‑1	 Up	 2.373
AMPN_HUMAN	 Aminopeptidase N	 Up	 2.566
AACT_HUMAN	 Alpha‑1‑antichymotrypsin	 Up	 3.188
FCG3A_HUMAN	 Low affinity immunoglobulin gamma	 Up	 3.194
	 Fc region receptor III‑A
CD166_HUMAN	 CD166 antigen	 Up	 3.62
CFAI_HUMAN	 Complement factor I	 Up	 3.814
GGH_HUMAN	 Gamma‑glutamyl hydrolase	 Up	 4.66
FHR1_HUMAN	 Complement factor H‑related protein 1	 Up	 7.799

Figure 2. Heatmap of the expression of these 17 differentially expressed proteins. FTC, follicular thyroid carcinoma; HC, healthy controls; MTC, medullary 
thyroid cancer; PTC, papillary thyroid carcinoma; TN, thyroid nodules.
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pathway, which suggested that these lipids may serve impor-
tant roles in lipid metabolism.

Large data validation of the lipid profiles in the cancer and 
control groups. The lipid profiles in the cancer (PTC, FTC and 
MTC) and control (TN and HC) groups are presented in Table IV. 
The present study enrolled 462 male patients with cancer and 
889 male controls, and 1255 female patients with cancer and 
1269 female controls. Significant differences in the CHO level 
were observed between men and women in both groups. Among 
women, the TG, HDL‑C, Apo A1 and LDL‑C/HDL‑C levels 
differed significantly between the cancer and control groups 

(all P<0.05). In particular, TG and LDL‑C/HDL‑C levels were 
higher in women from the cancer group compared with women 
from the control group. Conversely, Apo A1 and HDL‑C levels 
were lower in women from the cancer group compared with 
women from the control group. Results from analysis of the 
impact of lymph node metastasis on lipid profile in patients 
with TC are presented in Table V. Among patients with FTC 
and MTC, no significant differences were observed between 
the metastasis and non‑metastasis groups. However, among 
patients with PTC, the CHO, HDL‑C, LDLC, Apo A1, Apo 
B and lipoprotein (a) levels were higher in the non‑metastasis 
group compared with the metastasis group.

Figure 3. Top canonical pathways assigned by the ingenuity pathway analysis for the 17 differentially expressed proteins expressed in individuals with and 
without TC. The canonical pathway of LXR/RXR activation is presented. Each line and arrow indicates a known functional or physical interaction. Green 
colored shapes indicate the downregulated expression of a pathway‑associated protein. Solid lines indicate direct interactions and dashed lines indicate 
indirect interactions. LXR/RXR, liver X receptor/retinoid X receptor.

Table III. Top six canonical pathways enriched by IPA.

Ingenuity canonical pathways	 Log (P‑value)	 Ratio	 Molecules

LXR/RXR activation	 5.70	 0.0331	 APOA1, APOA4, APOA2, VTN
FXR/RXR activation	 5.63	 0.0317	 APOA1, APOA4, APOA2, VTN
Atherosclerosis signaling	 3.92	 0.0236	 APOA1, APOA4, APOA2
Phagosome formation	 3.88	 0.0229	 FN1, VTN, FCGR3A/FCGR3B
IL‑12 signaling and production in macrophages	 3.74	 0.0205	 APOA1, APOA4, APOA2
Glutathione‑mediated detoxification	 3.59	 0.0645	 GGH, ANPEP

FXR/RXR, farnesoid X receptor/retinoid X receptor; IL, interleukin; LXR/RXR, liver X receptor/retinoid X receptor.
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Discussion

Recent studies revealed that lipid metabolism disorders are 
important in carcinogenesis and cancer development, as they 
induce abnormalities in the expression of various genes and 
proteins, and in the regulation of cytokines and signaling 
pathways (17,18). The present study demonstrated that lipid 
metabolism disorders occurred in patients with TC. To the 
best of our knowledge, this study was the first to validate 
the differential lipid profile in a large population of patients 
with TC.

As the incidence of TC varies by sex  (6), the present 
study screened the differential lipid profiles in age‑ and 
sex‑matching samples. A total of 17 proteins were designated 
as differentially expressed proteins. These proteins were 
therefore subjected to bioinformatics analyses. The IPA output 
identified the LXR/RXR activation pathway as the significant 
canonical pathway. In addition, significantly lower expression 
levels of ApoA1, ApoA2 and ApoA4 were observed in patients 
with TC, compared with healthy controls. Furthermore, after 
observing the significant modulation of expression in TC 
pathogenesis and etiology, this differential lipid profile was 
validated in a larger population.

A previous cohort study reported that the serum TG 
concentration is negatively and positively correlated with 
the risk of prostate and renal cancer, respectively, in men. 
Furthermore, serum TG level is positively correlated with the 
risk of gynecological cancer in women (19). Consistent with 
that study, the present study demonstrated that TG concentra-
tions were higher in women with TC compared with women 
in the control group. In men however, no significant difference 
was observed in the TG level between cancer and control 
groups. A previous study demonstrated that TG levels are not 
associated with the risk of cancer‑associated mortality (20). 
Further investigation is therefore needed to validate the impor-
tance of TG in tumor development.

ApoA‑I (28 kDa), which is the major protein constituent 
of high‑density lipoprotein, serves a crucial role in reverse 
cholesterol transport. This protein can transfer cholesterol 
and phospholipids from peripheral cells to the liver for excre-
tion (21). A previous study identified HPX, POTEE and ApoA1 
as the most significant genes associated with the proteomic 
profile. In addition, these genes are significantly correlated 
with the risk of breast cancer and could be used for the detec-
tion of disease progression (22). In the present study, women in 
the cancer group expressed lower levels of Apo A1 compared 
with women in the control group.

Numerous studies have validated the prognostic values of 
lipid molecules and their derivative indexes in various types of 
carcinoma (23,24). In the present study, a new derivative index 
was developed for the ApoB/ApoA1 and LDL‑C/HDL‑C ratios. 
Furthermore, the LDL‑C/HDL‑C and ApoB/ApoA1 ratios 
have significant diagnostic values in several diseases (25,26). 
Ma et al (14) reported that, among the various lipid molecules 
and derivative indexes, the ApoB/ApoA1 ratio could serve 
as an independent prognostic marker of gastric cancer. In 
the present study, the LDL‑C/HDL‑C level was significantly 
higher in women with TC compared with women in the control 
group, mainly because the former group had a decreased level 
of HDL‑C.

Hong  et  al  (23) reported that the preoperative serum 
lipid profile is correlated with the outcome of patients with 
non‑metastatic colorectal cancer. In the present study, no 
significant differences between the metastasis and non‑metas-
tasis groups were observed in patients with FTC and MTC. 
The effect of lymph node metastasis on lipid metabolism 
requires therefore further investigation.

Preliminary exploration of lipid metabolism in patients with 
TC revealed the existence of lipid metabolism disorders (27). 
The present study demonstrated that ApoA1 and HDL‑C 
levels, which have positive effects in human metabolism, were 
decreased Conversely, TG level and LDL‑C/HDL‑C ratio, which 

Table IV. Level of lipid profile between the cancer and control groups.

	 Men (n=1351)	 Women (n=2524)	 P‑valuea	 P‑valueb

	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑  
Variable	 Cancer (n=462)	 Control (n=889)	 Cancer (n=1255)	 Control (n=1269)	 ‑	 ‑

Age (years)	 47 (41‑56)	 52 (47‑57)	 46 (39‑54)	 49 (41‑58)	 <0.001	 <0.001
CHO (mmol/l)	 4.49 (4.00‑5.11)	 4.63 (4.04‑5.22)	 4.65 (4.07‑5.36)	 4.78 (4.24‑5.37)	 0.040	 0.002
TG (mmol/l)	 1.51 (1.04‑2.23)	 1.52 (1.02‑2.18)	 1.10 (0.74‑1.65)	 0.99 (0.70‑1.47)	 0.632	 <0.001
HDL‑C (mmol/l)	 1.02 (0.88‑1.17)	 1.02 (0.89‑1.18)	 1.22 (1.06‑1.43)	 1.32 (1.11‑1.53)	 0.472	 <0.001
LDL‑C (mmol/l)	 2.66 (2.21‑3.22)	 2.74 (2.28‑3.23)	 2.67 (2.22‑3.23)	 2.75 (2.32‑3.28)	 0.119	 <0.025
ApoA1 (g/l)	 1.25 (1.13‑1.35)	 1.24 (1.13‑1.35)	 1.38 (1.26‑1.51)	 1.42 (1.28‑1.55)	 0.475	 0.01
ApoB (g/l)	 0.93 (0.80‑1.08)	 0.96 (0.83‑1.10)	 0.89 (0.75‑1.06)	 0.89 (0.77‑1.06)	 0.021	 0.527
Lipoprotein (a) (mg/l)	 77.5 (33‑162.25)	 65.5 (35‑158)	 85 (42‑179)	 97 (47‑192)	 0.416	 0.004
FFA (µmol/l)	 456.5 (340‑575.25)	 442 (337‑574)	 498 (344.5‑665.0)	 471 (351.5‑628.5)	 0.828	 0.214
LDL‑C/HDL‑C	 2.69 (2.13‑3.22)	 2.65 (2.12‑3.27)	 2.22 (1.76‑2.73)	 2.11 (1.66‑2.63)	 0.671	 0.036
ApoB/ApoA1	 0.76 (0.62‑0.88)	 0.78 (0.64‑0.90)	 0.65 (0.53‑0.78)	 0.64 (0.53‑0.77)	 0.001	 0.242

aMale patients with TC vs. male healthy controls; bFemale patients with TC vs. female healthy controls. ApoA1, apolipoprotein A1; ApoB, 
apolipoprotein B; CHO, total cholesterol; FFa, free fatty acid; HDL‑C, high‑density lipoprotein‑cholesterol; TG, triglyceride.
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have negative effects on human metabolism, were increased. 
Identification of a lipid metabolism disorder in patients may 
therefore provide additional evidences leading to the diagnosis 
of TC. Subsequently, lipid profile analysis is essential and may 
yield valuable biomarkers in the early diagnosis of TC.

The present study had some major strengths. Firstly, 
it included a variety of patients with various types of TC. 
Secondly, the screening targeted differentially expressed 
proteins. Thirdly, the differentially expressed proteins involved 
in lipid mechanism between the groups were compared and 
validated in large samples. However, this study had certain 
limitations. Firstly, the screening and validation experiments 
applied age‑ and sex‑matching to HC and patients with TN and 
PTC; however, as the incidence rates of MTC and FTC were 
extremely low, the sample sizes for these tumors were too small 
to allow appropriate matching. Secondly, the exact moment 
of tumor recurrence/progression could not be determined due 
to information bias. This study did therefore not evaluate the 
effects of lipid metabolism on the prognosis of TC. Thirdly, the 
underlying mechanism of lipid metabolism on the carcinogen-
esis and development of TC requires further investigation.

In conclusion, the present study identified lipid metabolism 
disorders in patients with TC. Notably, ApoA1, ApoA2 and 
ApoA4 levels were significantly lower in patients with TC 
compared with healthy controls. Following further validation, 
significantly lower levels of Apo A1 and HDL‑C were identified 
in women with TC compared with female controls. The under-
lying molecular mechanism of lipid metabolism and cancer 
require further investigation in order to develop potential novel 
diagnostic biomarkers and therapeutic targets for human cancers.
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