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Abstract: Objective: Analysis of the metabolic differences among the papillary thyroid carcinoma (group T) patients, 
benign thyroid tumor patients (group B) and healthy controls (group H) by nuclear magnetic resonance hydrogen 
spectrum. Methods: collect twenty serum specimens each from group T, group B and group H. Collect image archive. 
Use Topspin software, AMIX software and SIMCA-P+ software to calibrate, integrate with PCA and PLS-DA, research 
the three groups’ serum for endogenous metabolic differences. Results: The data of group T and group H estab-
lished a discrimination model, and the model is correct (P<0.05). The content of metabolites in the serum of team 
T increased including valine, leucine, isoleucine, lactic acid, alanine, glutamic acid, lysine, glycine, while the lipids, 
choline, tyrosine decreased. The data of group B and group H established a discrimination model and the model is 
correct (P<0.05). The content of metabolites in the serum of team B increased including Trimethyl glycine, tyrosine, 
phenylalanine, valine, leucine, isoleucine, lactic acid, alanine, glutamic acid, while the Lipids and lysine reduced. 
Conclusion: Compared with team H, there is an obvious metabolic difference in team T and team B. It not only in-
volves glucose metabolism but also the metabolism of lipids, amino acids and nucleic acid.
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Introduction

Thyroid carcinoma accounts for 2 percent of 
total malignant tumors, is the most common 
malignant tumor of the endocrine-system [1] 
and ranks 5th among female cancers [2]. 
Correlated documents show that there is an 
upward trend in the incidence of thyroid cancer 
in recent years. Between 1950 and 2004, 
Thyroid cancer incidence increased by 310% 
[3]. Among them there were 65% to 75% with 
well-differentiated papillary thyroid carcinoma, 
withl a ten-year survival rate of above 90% [4]. 
But from the clinical experience, we know that 
the diversion rate of cervical lymph node in 
early papillary thyroid carcinoma can reach 
50%-70%�������������������������������������� �������������������������������������[5-7], and thus can influence progno-
sis of patients and increase the risk of tumor 
recurrence after surgery, so the early diagnosis 
and treatment of thyroid carcinoma are very 
important. At present, the traditional diagonsis 

methods of thyroid cancer include medical 
imaging diagnosis, cytological examination and 
blood biochemistry, but these diagnosis means 
lack high sensitivity and perfect accuracy. For 
the past  few years, th yroid fine needle aspira-
tion has become the best method for distin-
guishing malignant and benign nodules preop-
eratively [8-10], this is a diagnosis method with 
excellent security, high accuracy and reason-
able cost. But, this diagnostic method has a 
high false negative rate and it cannot accurate-
ly distinguish papillary thyroid carcinoma from 
follicular thyroid carcinoma [11]. In conclusion, 
we are in dire need of a test with high sensitivity 
and perfect accuracy which can be used in pre-
operative diagnosis of thyroid carcinoma.

The notion of “metabolomics” was first put for-
ward by the British Nicholson study group in 
1999. This is a science aimed at discussing the 
gene regulatory mechanism by measuring the 



Analysis on the metabolite composition using magnetic resonance

18014	 Int J Clin Exp Med 2015;8(10):18013-18022

systemic metabolic profile of the whole organ-
ism and detecting metabolic changes at differ-
ent times and from different positions [12].

To summarize, the metabolic abnormalities of a 
tumor-burdened body are largely thanks to the 
existence of the tumor, and the unusual metab-
olism of the tumor results in abnormal meta-
bolic substances appearing within the organ-
ism. Hence, this topic takes the NMR spectros-
copy technique as the platform to analyze the 
metabolic differences among the papillary thy-
roid carcinoma patients (group T), benign thy-
roid tumor patients (group B) and healthy con-
trols (group H), so that it can build a Meta- 
bolomics method which can perform differen-
tial diagnoses among the three kind of patients.

Materials and methods

Main reagents, equipment and software

Adamas Company in Switzerland: KH2PO4, 
waterless Na2HPO4. Beijing SBS gene technol-
ogy Ltd: NMR spectrometer (AVANCE III 500 
Hz). Bruker Company in Switzerland: The type 
725 ultra-cryogenic refrigerator, SIMCA-P (11.0) 
software. Thermo Forma Company in America: 
high speed refrigerated centrifuge (5810R). 
Eppendorf Company in Germany: Topspin (2.1) 
software, AMIX software (V3.9.11). Umetrics 
Company in Sweden.

Group of experiments

There are the healthy controls group and the 
tumor group (the papillary thyroid carcinoma 
and benign thyroid tumor patients).

Included samples and eliminated samples in 
the tumor group: 1) inclusive criteria: ① 
patients who have been confirmed to be papil-
lary thyroid carcinoma patients or benign thy-
roid tumor patients through pathology; ② the 
tumor diameter of papillary thyroid carcinoma 
patients is less than 2 cm, the tumor diameter 
of benign thyroid tumor patients is less than 4 
cm; ③ patients are between age 18 and 65. 2) 
elimination criteria: ① patients who have 
accepted anti-tumor therapy four weeks prior to 
the progressive group; ② chronic lymphocytic 
thyroiditis accompanied by thyroid cancer or 
abnormal thyroid function; ③ distant metasta-
sis of papillary thyroid carcinoma patients with 
a tumor diameter more than 2 cm, a tumor 
diameter of benign thyroid tumor patients more 

than 4 cm; ④ has hypertension, diabetes mel-
litus or other metabolic diseases, or has other 
nervous system diseases which affect metabo-
lism; ⑤ patient whose liver and kidney function 
was abnormal; ⑥ patient who has other malig-
nant tumors at the same time; ⑦ patient who 
has a long-term use of a drug which affects 
metabolism; ⑧ vegetarian; ⑨ pregnant women 
or breast-feeding women.

Inclusive criteria and eliminated criteria of the 
healthy controls: 1) inclusive criteria: ① without 
a tumor and to be healthy; ② patients are 
between age 18 and 65. 2) elimination criteria: 
① pregnant women or breast-feeding women; 
② patient who has nervous system diseases 
which affect metabolism; ③ has hypertension, 
diabetes mellitus or other metabolic diseases, 
or has other nervous system diseases which 
affect metabolism; ④ patient whose liver and 
kidney function was abnormal; ⑤ patient who 
has a long-term use of a drug which affects 
metabolism; ⑥ vegetarian.

General information of patients

We have collected the preoperative serum 
specimen of preoperative thyroid tumors from 
May 2012 to January 2013 in Union Hospital 
affiliated to   Fujian Medical University, accord -
ing to the following inclusive criteria of the 
tumor group, collecting the serum specimen of 
preoperative thyroid tumors including twenty 
cases of papillary thyroid carcinoma (group T) 
and twenty cases of benign thyroid lesions 
(group B). At the same time, we collected the 
serum specimens of 20 case volunteers from 
the medical examination center according to 
the inclusive criteria of the control group (group 
H). This study was conducted in accordance 
with the declaration of Helsinki.

This study was conducted with approval from 
the  Ethics  Committee o f the  Affiliated  Union 
Hospital of Fujian Medical University.

There is no statistica  l signi ficance of age -and 
sex-related differences between group T, group 
B and group H. And there is also no statistical 
significance of nodule numbers between group 
T and group B (P>0.05). See the Table 1.

Methods

Collection of blood and specimen handling of 
serum: Collect blood samples, check centrifu-
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gal (alert parameters: rotation rate: 8000; time: 
ten minute; T: 4°C) plasma 1.5 ml, partial ship-
ments of 0.5 ml/group. All the serum speci-
mens were stored at eighty degrees below zero.

Liquid allocation of nuclear magnetic detec-
tion: Get advance 400 μl serum + 100 μl PBS +  
100 μl heavy water, then mix them; run serum 
through high-speed refrigerated centrifuge (pa- 
rameter settings: rotation rate: 12000; time: 
ten minute; T: 4°C); collect 500 μl supernatant 
and use it to test pipe.

Detection of dioscorea nipponica rhizoma: 
Collect NMR spectra by using nuclear magnetic 
resonance spectrometer, conduct the experi-
ment by using D2O lock, three 5 mm HCN reso-
nance probes with temperature (300 K) and 
spectral width (5 kHz), then gather data sam-
pling by using the impulse sequence named 
NOEPR-CPMG (NOEPR, Nuclear overhauser 
effect spectroscopy with PResaturation; CPMG, 
Carr-Pure-Meiboom-Gill sequence), and among 
them pre-saturated modules are used to 
restrain the water peak signal (2 s), auto-convo-
luted wave modules are used to restrain broad 
peak caused by protein and lipoprotein. Number 
of times of accumulating signals should be 
128. Obtain the spectra of the samples by 
using D2O as internal standard.

Data conversion and statistical analysis of the 
NMR spectrum: After phase and baseline cor-
rection of all one dimensional 1H NMR spec-
trum in the Topspin software (2.1, Germany), 
use lactic acid in the bimodal scaling at high 
field (1.33 ppm). Make adaptive binning on the 
scaled spectrum in the region of 0.50-9.0 ppm 
by AMIX Software (V3.9.11, Germany). Integra- 
tion interval width is 0.005 ppm. In order to 
eliminate the effect of residual water peaks, for 
each peak period remove 4.315-6.65 ppm 
including residual water peak and containing 
urea peak signal. After that, the NMR spectrum 
is treated by thetotal area normalization meth-

od. Input the normalized data into the SIMCA-P 
+ package (11.0, Umetrics, Sweden) carrying 
out by multivariate analysis. PCA, PLS-DA and 
OPLS-DA are ta  ken  first and then the second    
principal component.PCA results are expressed 
by a Scores diagram, mainly observing the over-
all situation of the sample as well as the exis-
tence of outliers. PLS-DA uses the UV method 
to carry on the standardization processing, the 
result uses the Scores chart to display and the 
reliability o f the  model was  verified  by cross 
validation and permutation tests. For the model 
(<0.05 P) a fter passing the    verification, the 
OPLS-DA analysis is conducted further, and the 
results are expressed by Scores diagram. The 
correlation coe fficient  loading p lot is used to   
express the contribution of the material and its 
contribution (r). This picture uses color to 
express the correlation coefficient, the warmer 
the color is, the more contribution there is. 
Through Pearson’s product-moment correlation 
coefficient, determine the metabolites with sig-
nificant changes and carr   y out a   biological 
explanation for these substances.

Result

Serum samples NMR spectrum from tumor 
group and healthy group, As shown in Figure 1. 

Analysis results of data from the serum sam-
ples NMR spectrum

Principal component analysis of the data. In 
order to analyze the relationship among the 
samples, a PCA analysis of the corrected data 
will be made. PCA is a statistical analysis meth-
od that disperses n   -variable metabolic  finger-
print information concentrated into a small 
comprehensive index (principal components). 
Principal component analysis results are repre-
sented by Scores diagrams, mainly to observe 
the overall situation of the sample as well as 
the existence of outliers. Using SIMCA-P+ soft-
ware to analyze the data of the normalized pat-
tern recognition, PCA uses unit variance scaling 
UV to scale the conversion method. As shown in 
Figure 2. 

There was a significant difference in PCA score 
between groups B and H. Group H is mainly 
focused on the 1, 2 quadrant, while the serum 
of group B is mainly focused on the 3, 4 quad-
rant, group B presents a good reunion. There 

Table 1. General information of patients

Groups Age Gender
(male/female)

Nodule 
number

T 45.3±9.7 4/16 1.4±0.3
B 44.7±12.2 5/15 1.6±0.7
H 44.5±10.9 4/16 -
P value >0.05 >0.05 >0.05
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was a signi  ficant di fference in   PCA score 
between groups T and H. Group T is mainly 
focused on the 2, 3 quadrant, while group H is 

mainly focused on the 1, 4 quadrant. Group T 
presents a good reunion. There was no signifi-
cant difference in PCA score between groups B 

Figure 1. Is Serum 1-dimensional hydrogen spectrum (δ 0.5-4.5 and δ 6.0-8.0 500 MHz); A is group T, B is group T, 
C is group H.

Figure 2. Three sets of data 
PCA score plot, A is group B 
and H, B is group T and H, C is 
group B and H.
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and T. The two sets of data were distributed 
randomly. It means the differences between 
the two groups cannot be distinguished by PCA. 
Further analysis is needed.

Data of PLS-DA analysis: Use SIMCA-P+ soft-
ware (V11.0) to do the partial least squares 
(PLS) method to the data that is normalized to 
find correlation between the NMR data (X) and 

Figure 3. PLS-DA score plot (left), Permutation test (right). A: PLS-DA score plots and Permutation test of group B and 
H; B: Group T and H; C: PLS-DA score plots and Permutation test of group B and T.
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other variables (Y). PLS-PLA-DA uses the adap-
tive conversion method for data scaling. PLS-
DA uses cross validation to verify the quality of 
the model. R2X and Q2 (Representing the vari-
ables and predictability of the model respec-
tively) obtained by cross validation is used to 
evaluate the validity of the model. After that, Q2 
will be obtained through changing the categori-

cal variablesy by arranging random experi-
ments many times, which does further testing 
on the effectiveness of the model.

The model of solvable explanation index R2X 
and prediction index Q2, combined with the 
results of permutation tests to verify that, the 
model of B group and T group, T group and H 
group were set up to explain the significant dif-
ferences between the two groups. The model 
established by B and T groups is still not estab-
lished, indicating that the metabolism differ-
ence between the two groups cannot be distin-
guished by PLS-DA, maybe due to a lack of sig-
nificant di fferences  between the   metabolism 
groups, or because of the small sample size. 
Further analysis is needed. As shown in Figure 
3.

Data OPLS-DA analysis: Through the   verified 
model (P<0.05), perform OPLS-DA analysis as 
a further step by SIMCA-P+ software. The 
results are shown by Scores diagram, and 
Loading Plot is used to show the contribution of 
the material and its contribution size (r value); 
the cold and warm color of the map implies the 
correlation coe fficient. The contri bution is 
greater due to the warmer color, as shown in 
Figure 4. 

Through the analysis of OPLS-DA, by analyzing 
the corresponding corre  lation coe fficient o f 
each metabolite, make further induction of 
metabolites with statistica l signi ficance. Then 

Figure 4. OPLS-DA score picture (left), loading picture of correlation coefficient (right).

Table 2. Metabolites among the differences 
between the groups

Metabolites
ra

T vs. H B vs. H
Val 0.72↑ 0.79↑
Leu 0.76↑ 0.69↑
Ile 0.83↑ 0.81↑
Lactate 0.70↑ 0.60↑
Ala 0.84↑ 0.76↑
Lipid -0.84↓ -0.64↓
Glu 0.73↑ 0.76↑
Betaine - 0.87↑
Choline -0.70↓ -
Tyr -0.85↓ 0.74↑
Phe - 0.86↑
Gly 0.83↑ -
Lys 0.78↑ -0.60↓
aCorrelation coefficients, positive and negative signs 
indicate positive and negative correlation in the con-
centrations, respectively. The correlation coefficient of 
│r│>0.456 was used as the cutoff value for the statisti-
cal significance based on the discrimination significance 
at the level of p=0.05 and df (degree of freedom) =17.
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compare with the corresponding critical values 
of the corre  lation coe fficient, to o  btain the 
metabolite among the differences between the 
groups, as shown in Table 2. Correlation coeffi-
cients, positive and negative signs indicate 
positive and negative correlation in the concen-
trations, respecti vely. The corre lation coe ffi-
cient o f │r│>0.456 was used as the cuto    ff 
value  for the statistica l signi ficance based on 
the discri mination signi ficance at the    level o f 
p=0.05 and df (degree of freedom) =17.

As shown in the Table 2: compare group T and 
group H, the content of valine, leucine, isoleu-
cine, lactate, alanine, glutamic acid, lysine argi-
nine, glycine are increased; the content of lip-
ids, choline and tyrosine are decreased.

Compare group B with group T, valine, leucine, 
isoleucine, leucine, lactic acid, alanine, glutam-
ic acid, trimethyl glycine, tyrosine and phenyl-
alanine are increased, lipid and amino acid are 
decreased. Compared with the B group, the dif-
ferences in the metabolism of group T were 
more obvious.

Discussion 

The occurrence and development of malignant 
tumors has multi-factors, multi-genes and 
multi-stages with complex and gradual pro-
cesses. The exact pathogenesis has still not 
become clear. The environment, nutrition, phys-
iological state and pathological state of the 
organism are the result of the interaction 
between the substance and the key enzyme 
inside the body. From the molecular mecha-
nism, these effects are generated in the gene, 
transcription, protein or metabolic levels of the 
body. Because of the existence of genes and 
proteins, the material guarantee for the occur-
rence of biological events can be provided, and 
the changes of metabolites reflects the resu lt 
of the biological processes that have occurred. 
Therefore, the function within the body can be 
reflected and detected at the level of metabo-
lites. While the changes of metabolites within 
living organisms contain abundant information, 
such as gene expression and protein function 
changes, by detecting the changes of endoge-
nous metabolites, we can effectively carry out 
the overall understanding of the pathophysiol-
ogy of the organism. By studying the biological 
molecules, the upstream event can be traced 
to combine the information of each level for 

integration. As an important branch of the bio-
logical system, metabolic genomics is a global 
analysis of the metabolic end products and/or 
metabolites within the body, focusing on analy-
sis and detection of the end result of a series of 
biological abnormal reaction events. Therefore, 
the technology of the metabolic group has 
become a new diagnostic method for malig-
nant tumors. Meanwhile, it can be effective to 
provide understanding and analysis of the over-
all pathophysiology of the organism.

The research shows that the most basic biologi-
cal characteristics of malignant tumors is the 
differentiation and proliferation of malignant 
tumor cells, with the capability for invasion and 
metastasis. The main manifestations of the 
relative metabolism of substances are: sub-
stance synthesis metabolism is increased 
greatly, material decomposition metabolism is 
decreased obviously, and abnormal glucose 
metabolism, invasion and metastasis of relat-
ed protein are metabolically abnormal.

The rapid proliferation of malignant tumor cells 
requires a large amount of lipids as precursors, 
to synthesis the phospholipids, which consti-
tute a phospholipid bilayer of the cell mem-
brane. Therefore, in the body of patients with 
malignant tumors, lipid material synthesis is 
increased, but the synthesis process is affect-
ed by the key enzymes, and the synthesis rate 
is much lower than the adoption speed, so the 
total effect is still lower. In this experiment, the 
serum lipids in patients with papillary thyroid 
carcinoma were decreased, which shows that 
the synthesis of membrane and membrane 
structures in patients with papillary thyroid car-
cinoma were enhanced.

The occurrence of malignant tumors is a cas-
cade of multiple genes. Activation of proto 
oncogene and inactivation of tumor suppressor 
genes are important mechanisms. Methylation 
plays an important role in the regulation of 
eukaryotic gene expression. Currently, a series 
of tumor related genes were related to DNA 
methylation to different degrees [13, 14]. The 
important biological function of DNA methyla-
tion is to control the gene expression, maintain 
the integrity of chromosomes and adjust some 
of the DNA recombination. Many studies have 
found that promoter methylation can inhibit 
gene expression at transcriptional level, and it 
is one of the most important reasons for tumors 
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to inhibit gene promoter region methylation to 
gene inactivation [15]. In the study of thyroid 
cancer, methylation was found in TIMP3, MLH1, 
CDH1, RASSFIA and ESR [16-21], related to 
gene transcription and inactivation. Methylation 
may influence the development of thyroid can-
cer by the transcriptional regulation of many 
genes. Glycine is the most simple amino acid 
sequence of amino acids in the human body, as 
the main supplier of the methyl group. In this 
experiment, glycine content in papillary thyroid 
carcinoma was increased, which is related to 
high methylation of the promoter region. In 
addition, the rapid proliferation of malignant 
tumor cells requires the synthesis of a large 
number of nucleotides and proteins, leading to 
the increase of glycine as the synthesis of 
purine nucleotides. Chen JL [22] found that gly-
cine content is increased in the body of stom-
ach cancer patients with lymph node metasta-
sis. Therefore, the elevation of glycine having 
any relationship with lymph node metastasis of 
papillary thyroid carcinoma in early stage needs 
further study. Furthermore, as the carnitine of 
the carrier of the internal and external material 
exchange of the mitochondrial membrane was 
synthesized to raw lysine, and participated in 
the folded leucine of protein space, so that pap-
illary thyroid carcinoma was increased.

A large number of malignant tumor cells need a 
large and rapid supply of oxygen, but even when 
the supp ly o f o xygen is su  fficient, the cancer  
cells still rely on obtaining a large number to 
consume the glucose, for anaerobic fermenta-
tion, and convert it to lactic acid so that it can 
obtain the energy rapidly under the function of 
lactate dehydrogenase, known as the Warburg 
effect [23]. The enhancement of anaerobic fer-
mentation of malignant tumor cells and the for-
mation of lactic acid, leads to the accumulation 
of lactic acid, and local tumor acidosis. The 
acidic environment is not conducive to the 
growth and proliferation of malignant tumor 
cells, however, after the selection of the acid 
environment, the surviving malignant tumor 
cells have obvious advantages of proliferation. 
In addition, acid poisoning leads to an increase 
of extracellular matrix decomposition, to pro-
mote angiogenesis and the metastasis of 
malignant tumor cells [24]. There is a positive 
correlation between the concentration of lactic 
acid in malignant tumor tissues and lymph 
node or distant metastasis in patients with 

head and neck cancer. The low lactate concen-
trations in the malignant tumor tissues have a 
longer survival time, with good prognosis; high 
levels of lactic acid were easily transferred to a 
bad prognosis. This is related to radiation resis-
tance caused by hypoxia [25]. The research 
results show that, the content of lactic acid was 
increased for the person with papillary thyroid 
carcinoma compared to a healthy person. Com- 
pared with the healthy person, the increasing is 
obviously, indicating that anaerobic fermenta-
tion in papillary thyroid carcinoma is increased. 
Meanwhile, oxygen respiration in tumor tissues 
is inhi bited. Such conc lusions are   verified  by 
Yan H [26] by the experiment. Therefore, relat-
ed enzymes and metabolic abnormalities of 
raw material products to aerobic respiration, 
including the reduction of the succinate dehy-
drogenase, and the increasing content of pyru-
vate. Due to increasing internal energy con-
sumption, a lot of pyruvate is consumed and 
transformed into lactic acid to release energy. 
The large consumption of pyruvate led to an 
increasing function of sugar fermentation, and 
to lower blood glucose. Other glucose are trans-
formed into the allosteric glycolysis pathway, so 
that glycolysis raw materials are increased, and 
because the body lactic acid dehydrogenase 
activity is limited, resulting in the accumulation 
of pyruvate. The accumulation of a large amo- 
unt of pyruvate promotes the reaction shift 
between pyruvate and alanine synthesis, result-
ing in elevated alanine in the malignant tumor 
in the body.

In conclusion, using nuclear magnetic reso-
nance technique and PCA/PLS-DA method, we 
performed comparison analysis on the differ-
ences among serum in patients with papillary 
thyroid carcinoma, the benign thyroid tumor 
group and the healthy control group. We found 
that  lactic acid  was signi ficantly higher in the  
patients with papillary thyroid carcinoma, and 
lipid  was signi ficantly decreased . In addition, 
we found that the alanine, lysine, glycine, leu-
cine are also increased, with lactic acid and ala-
nine as the main components of PC1 and PC2 
in analysis. While on the PCA icon, the papillary 
thyroid carcinoma group shows a clear trend of 
aggregation. Whether or not elevated lactate 
and alanine can be used as a tumor marker for 
papillary thyroid carcinoma needs to be further 
studied. Papillary thyroid carcinoma is involved 
in metabolic abnormalities and many other 
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functions, including sugar metabolism, lipid 
metabolism, nucleotide metabolism and meth-
yl metabolism, mainly conducting anaerobic 
fermentation with malignant tumor cells, which 
is related to rapid proliferation and invasion.
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