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Abstract:

Cervical cancer (CC) is the second most common cancer in females worldwide, As yet, the metabolic alterations that
are specific for the development of CC have not been fully determined, which also precludes the early diagnosis and
prognosis of this pathology. In this pilot study, we determine the metabolic fingerprint of urine samples of CC women
and normal people using LC (Agilent 1290 Infinity LC System) coupled with Q-TOF/MS (Agilent, 6550 iFunnel) and
independent variable analysis. Urine fingerprints allowed for the discrimination of CC women from controls. In
addition, we identified a set of metabolites with a strong discriminative power, such as 3-methylhistidine, citric acid,
cytosine, indoleacetic acid, salicyluric acid, L-Methionine, aminomalonic acid, glutaric acid, ursodeoxycholic acid
and N-Acetylornithine, involve the key metabolic pathways such as citrate cycle, lysine degradation, tryptophan
metabolism, cysteine and methionine metabolism, etc. Finally, we provide the evidence for the implication of these
compounds in metabolic routes that may be associated with the early genesis of CC, which highlights their potential
use as prognostic markers for the identification of women at risk to develop CC. Urine fingerprints reveal
disease-specific metabolic imbalances in CC women.
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INTRODUCTION

Cervical carcinoma (CC) is the second most common cancer among women worldwide [1]. CC is a highly malignant
neoplasm that generally is diagnosed at advanced stage and is associated with a fatal outcome. Generally, imaging
technique is of limited sensitivity for the detection of CC [2,3]. However, the sensitivity of diagnostic markers of CC
is relatively low and difficult to get outcome immediately. In clinical practice, there is a need for more effective
treatments in order to improve earlier diagnosis of CC patients. Major barriers for reducing morbidity, mortality, and
costs of care include limited studies on noninvasive early diagnosis of CC and inadequate prognostic indicators as
well as few studies on mechanisms of CC. Despite new diagnostic approaches, the definite diagnosis of this
malignancy continues to be challenging. Fortunately, high-throughput metabolomics has been used to explore the
particular metabolites, potentially diagnostic and prognostic biomarkers for deep understanding the essence of
diseases [4-6].

Metabolomics, a science of systems biology, is the global assessment of endogenous metabolites within a biologic
system and represents a "snapshot" reading of gene function, enzyme activity, and the physiological landscape [7].
Metabolite detection, either individual or grouped as a metabolomic profile, is usually performed in biofluids
followed by sophisticated multivariate data analysis. Because loss of metabolic homeostasis is common in critical
illness, the metabolome could have many applications, including biomarker and drug target identification.
Metabolomics could also significantly advance our understanding of the complex pathophysiology of illnesses [8].
Meanwhile, it constructs a unique “metabolite fingerprint” through monitoring low-molecular-weight compounds in
body fluids rather than focusing on individual metabolites, reflecting the terminal symptoms of metabolic network of
globally biological systems, and aims at gathering the maximum amount of metabolic information for a total
interpretation of biological systems [9]. The individual's metabolome is a potentially informative mirror of the impact
of disease and its dynamics has led to promising developments in disease research, strongly geared toward the
discovery of new biomarkers of understanding the disease mechanisms [10-13].

Metabolomics has been successfully applied to the study of Jaundice syndrome, hepatocellular carcinom, hepatitis b
virus in human urine [14-16]. However, to date there are few works aimed at gaining deeper insights into CC through
metabolomics. CC is characterized by the absence of reliable diagnostic biomarkers. Therefore, the aim of our study
was to devise a multiplatform metabolic fingerprinting approach by use of the LC-QTOF-MS technology with
multiple chemometric methods to obtain a comprehensive picture of the early metabolic alternations that define CC,
and may reflect on the specific pathophysiological context of the disease. Future studies at later stages of CC will
allow us to validate the identified metabolites as prognostic markers for the identification of women who are at risk to

develop severe CC.
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2. MATERIALS AND METHODS

2.1 Ethical statement and subjects

All participants agreed to participate in this study were required to sign consent forms. The study protocol was
approved by the Ethical Committee of Heilongjiang University of Chinese Medicine and was conducted according to
the Declaration of Helsinki. Finally, twenty CC women and twenty healthy women (27-37 years) were matched and
recruited in this study.

2.2 Collection and preparation of Urine Samples

The urine samples from all participants were centrifuged at 10,000 rpm for 10 min at 4 °C to remove any solid debris.
Fractions (50 mL) of the urine supernatants were stored at - 80 °C until analysis. Thawed urine samples were
collected via centrifugation at 13,000 rpm for 10 minutes at 4°C, and filtered through a 0.22 um syringe filter
(Millipore, Shanghai, China), 5 uL of the supernatant were injected into the LC/MS analysis..

2.3 Chemicals and reagents

HPLC grade acetonitrile was obtained from Merck (Darmstadt, Germany); methanol (HPLC grade) was purchased
from Fisher Scientific Corporation (Loughborough, UK); formic acid was obtained from Honeywell Company
(Morristown, New Jersey, USA); water was produced by a Milli-Q Ultra-pure water system (Millipore, Billerica,
USA); leucine enkephalin was purchased from Sigma-Aldrich (St. Louis, MO, USA).

2.4 Fingerprinting of urine with LC/MS

A LC system (Agilent 1290 Infinity LC System), equipped with a degasser, two binary pumps, and a thermostated
autosampler coupled with Q-TOF/MS (6550 iFunnel) system (Agilent), was used in the ESI" mode to increase the
number of detected metabolite ions. Exact MS data from redundant m/z peaks were first used to help confirm the
metabolite molecular mass. The column used was an HSS T3 column (50 mmx2.Ilmm i.d., 1.8um, Waters
Corporation, Milford, USA) at 35 °C for all analyses. The mobile phase consisted of a linear gradient system of (A)
0.1% formic acid and (B) 0.1% formic acid in water in acetonitrile. The gradient conditions of the mobile phase were
as follows: 0-1 min, 2% A; 1-3 min, 2-15% A; 3-7 min, 15-35% A; 9-10.0 min, 35-90% A; 10.0-11 min, 90-99% A;
11-12 min, 99 A. The flow rate was 0.5 mL/min. Injection volume was Sul. The source temperature of mass
spectrometry was set at 100 °C, desolvation gas temperature was 400 °C, cone gas flow was 60h, desolvation gas
flow was 400L/h. In positive ion mode, the capillary voltage was 2.5.0kV, the sampling and cone voltage was 35V.

All analyses were acquired using the lock mass spray to ensure accuracy and reproducibility.

2.5. Data Processing.
To provide quality assurance of results, LC-MS data treatment was performed and normalized to the total ion
intensity per chromatogram. Briefly, LC-MS raw data were cleaned of background noises and unrelated ions by the

Molecular Feature Extraction tool (MassHunter Qualitative Analysis Software; Agilent). AMDIS software from NIST
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(U.S. National Institute of Standards and Technology) was used for mass spectral deconvolution to identify coeluted
compounds according to their retention indexes and retention times. The Independent variable analysis (ICA) and
PLS were performed by the R software. The combined VIP- plot was carried out to select variables as potential
markers for distinguishing CC patients from controls. Accurate mass information of metabolites were matched with
those of metabolites obtained from HMDB (www.hmdb.ca), and METLIN (metlin.scripps.edu/) databases. Pathway
analysis using the KEGG pathway database was carried out using Metaboanalyst. Statistically significant differences
in mean values were tested by using 2-tailed, 2-sample Student’s t-test, and p<0.05 was considered statistically

significant.

3. RESULTS and DISCUSSION

3.1. Metabolic fingerprinting

Metabolic fingerprinting allowed for the simultaneous detection of potential compounds in urine. ICA analysis was
used as an unsupervised method to get an overview and to detect trends within these data. For LC-MS data, a clear
separation can be observed between CC and control groups, indicating metabolic changes inherent to CC (Fig. 1). As
shown in Fig 1 in positive ion mode, the ICA plot showed that the different groups tended to cluster and the CC group
was separated from controls. ICA is used in order to get a first glance of the properties of the MS data. As a result of
this analysis applied to the totality of the samples, a clustering of some samples becomes apparent by eye (see Fig 1),
which suggests that biochemical perturbation significantly happened in CC groups. ICA can really reflect a clear
separation between the CC group and controls. In order to enhance the differences between the groups and isolate the
masses that discriminate them, supervised statistical methods were used. From the supervised PLS loading plots, the
ions furthest away from the origin may be therefore regarded as the differentiating metabolites (Fig. 2).

3.2 Discovery of metabolic markers

The detailed method for the compound identification was described in the previous work [18]. In brief, the molecular
ion was found from the mass spectrometry and subsequently, accurate molecular weight was calculated. Databases of
ChemSpider database, Mass Bank, PubChem, and MetFrag were used to identify the metabolite markers by
comparing molecular weights. The molecular and structural formulas of the candidate compounds were retrieved by
the comparison and then confirmed by MS/MS scans for the characteristic ions and fragmentation patterns of the
metabolites. For further analysis of feature ions, the S-plot combined VIP- plot from the PLS were to select variables
as potential markers for distinguishing CC patients from controls (Fig.3). Ten differentially expressed metabolites
from CC patients were distinguished from those of the controls (p < 0.05, VIP>6). It was found that, among them, 10
compounds were 5 upregulated and 5 were downregulated (Supplementary table 1). The postulated elemental
compositions for the ions of ursodeoxycholic acid are given in Fig.4. The metabolite, which gave an elemental

composition of C24H4104 and molecular mass of [M+H]393.5717, were identified when subjecting to MS/MS
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analysis after searching in the database. The following 10 metabolites were identified: 3-methylhistidine, citric acid,
cytosine, indoleacetic acid, salicyluric acid, L-Methionine, aminomalonic acid, glutaric acid, ursodeoxycholic acid
and N-Acetylornithine. Based on these findings, individual metabolites were compared, yielding statistical
differences between control and CC women in metabolites in urine. Bar plots of Fig 4 show relative signal intensities
for 10 metabolites in control and CC groups. Fig 5 shows metabolites that exhibited the highest significant
differences between case and control groups.

3.3 Metabolic pathway and function analysis

The detailed analysis of the significantly changed pathways of CC was performed by MetaboAnalyst’s tool. A total of
10 pathways which were identified together are important for the host response to CC (Fig 6 and supplementary
Table S2). The predominant hits were citrate cycle, lysine degradation, tryptophan metabolism, cysteine and
methionine metabolism, etc. These altered metabolism pathways with higher score had yield satisfactory results and
clearly help us to better understand the underlying mechanisms of CC. Among 10 molecules identified, citric acid of
interest in CC belongs to glyoxylate and dicarboxylate metabolism and TCA cycle, L-methionine, belong to cysteine
and methionine metabolism.

The ability to detect metabolic changes in the body is essential for understanding the biological roles of
low-molecular-weight compounds in body fluids [18-20]. In this study, high-throughput LC/MS and multiple data
processing method and pathway analysis could provide a powerful approach to clearly differentiate patients with CC
and identify the potential biomarkers. ICA revealed a significant separation between the CC and controls.
Interestingly, 10 metabolites were identified in CC, and suggest a disrupted the citrate cycle, lysine degradation,
tryptophan metabolism, cysteine and methionine metabolism, etc. Of note, 10 metabolism pathways were found that
the altered pathway associated with CC. Furthermore, network analysis found that the abnormally expressed
metabolites were tightly correlated with the metabolism pathway. These biochemical changes are helpful to
understand the key features of CC. The relative intensities of the most significant metabolites in the analysis of urine
were listed in Fig 5. The metabolites from citrate cycle, lysine degradation, tryptophan metabolism, cysteine and
methionine metabolism, efc. were significantly altered. This study demonstrates that metabolomics could capture the
subtle changes from CC, which may lead to an improved mechanistic understanding of CC. The metabolomic results
not only supply a systematic view of the development and progression of CC but also provide a theoretical basis for
the diagnosis, prevention or treatment of CC. These findings provided a non-invasive tool that can engender new
insights into the improved mechanistic understanding of CC. Overall, this investigation demonstrates that

metabolomics could capture the subtle metabolic changes resulting from CC.

4. CONCLUSIONS

Clinical metabolomics is the study of metabolic changes in the body and provides the small molecule metabolites
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related to the disease. To our knowledge, this study represents the first non-targeted metabolome-wide analyses in
urine of CC. We show that metabolite fingerprints in urine reveal metabolic imbalances that are specific for human
CC. In this study, a LC/MS metabolomics has been successfully established for biomarker and mechanism
exploration studies in CC. The selected variables were annotated and placed on pathway by using KEGG. Ten altered
metabolic biomarkers indicated that CC could cause more severe disturbances in citrate cycle, lysine degradation,
tryptophan metabolism, cysteine and methionine metabolism, etc. It showed that metabolomics has the potential as a
promising screening tool for exploring essence of CC disease, and could provide the biological background to
pharmacological interventions in the future. As this is a pilot study, future projects at later stages of CC will allow us
to validate the identified biomarkers as prognostic tools to predict the onset of CC. Overall, it demonstrated that
clinical metabolomics may highlight biomarkers and pathways and can capture subtle metabolic changes from CC,

which may lead to an improved diagnosis and mechanistic understanding of CC.
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Fig. 1. Score plots of urine metabolic profiles obtained for control (®) and cervical cancer women (@®).
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Fig. 2 Loading plot of supervised PLS analysis built for the two groups (CC women versus healthy controls).
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Fig. 3 VIP-score plots constructed from the supervised PLS analysis of urine metabolic profiles obtained for control
and cervical cancer women. lons with the highest abundance and correlation in the CC group with respect to the
controls are present on the upper far right hand quadrant, whereas ions with the lowest abundance and correlation in

the CC group with respect to the control group are residing in the lower far left hand quadrant.
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