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Abstract Pancreatic cancer is one of the leading causes

of cancer-related death, and there is currently little hope of

a cure because there are no effective biomarkers for its

early detection. Therefore, the search for novel biomarkers

that would allow the early detection of pancreatic cancer is

ongoing. In this study, the differences between the meta-

bolomes of pancreatic cancer patients with Stage III, Stage

IVa, or Stage IVb disease (n = 20) and healthy volunteers

(n = 9) were evaluated by metabolomics, which is the

endpoint of the Omics cascade and therefore the last step in

the cascade before the phenotype. In our experimental

conditions using gas chromatography mass spectrometry

(GC/MS), a total of 60 metabolites were detected in serum,

and the levels of 18 of the 60 metabolites were significantly

changed in pancreatic cancer patients compared with those

in healthy volunteers. Then, Principal Component Analysis

(PCA), which is a basic form of Multiple Classification

Analysis, was performed, and the PCA scores plots based

on the 60 metabolites highlighted the metabolomic differ-

ences between the pancreatic cancer patients and healthy

volunteers. The differences between different stages of

pancreatic cancer were also assessed by Partial Least

Squares Discriminant Analysis (PLS-DA), which is one of

Multiple Classification Analysis, and we found that it was

possible to discriminate among the Stage III, Stage IVa,

and Stage IVb groups. In addition, values of the 9 metab-

olites in 1 Stage I pancreatic cancer patient were similar to

those obtained from the Stage III, Stage IVa, and Stage IVb

pancreatic cancer patients. Our findings will aid the dis-

covery of novel biomarkers that allow the early detection

of pancreatic cancer by metabolomic approaches.

Keywords Pancreatic cancer � Metabolomics �
GC/MS � PCA � PLS-DA

1 Introduction

Pancreatic cancer is one of the leading causes of cancer-

related death, and its 5-year survival rate is the lowest

among all cancers (less than 5%) (Jemal et al. 2009).

Pancreatic cancer also has a median survival of less than

1 year with over 96% of cases being incurable at the time

of diagnosis (Parkin et al. 2001). One of reasons for its high

mortality is the lack of effective biomarkers for the early

detection of pancreatic cancer. The commonly used
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biomarkers for pancreatic cancer are carbohydrate antigen

19-9 (CA19-9) and carcinoembryonic antigen (CEA), but

they are unsuitable for the early detection of pancreatic

cancer (Rosty and Goggins 2002). Although peanut

agglutinin (PNA)-binding glycoproteins (Ching and

Rhodes 1989), hTert (telomerase catalytic subunit) (Uehara

et al. 1999), and matrix metalloproteinase-2 (MMP-2)

(Yokoyama et al. 2002) were also reported as potential

biomarkers, they were subsequently found to lack clinical

efficacy. Therefore, many studies have attempted to find

novel biomarkers for the early detection of pancreatic

cancer.

Metabolomics (metabolome analysis) may be a useful

tool for the identification of novel biomarkers capable of

acting as an early diagnostic tool. Metabolomics, which is

the endpoint of the Omics cascade and therefore the last

step in the cascade before the phenotype, is the compre-

hensive study of low molecular weight metabolites, and the

metabolome represents the metabolite profiles of the cel-

lular processes in a cell, tissue, organ, or organism. Met-

abolomic technologies have recently developed rapidly.

These technologies, which are typically based on nuclear

magnetic resonance analysis (NMR), gas chromatography

mass spectrometry (GC/MS), liquid chromatography mass

spectrometry (LC/MS), and capillary electrophoresis mass

spectrometry (CE/MS), have been well-documented in the

literature and have been applied to various research fields

including the medical field. For example, in the medical

research field, CE/MS-based metabolomics were used to

evaluate the metabolic states of colon and stomach cancer

tissues and compare them with those of normal tissue from

the same organs, and it was revealed that the nutritional

conditions in the cancer microenvironment were quite

different from the normal microenvironment during energy

metabolism (Hirayama et al. 2009). The potential roles of

sarcosine in prostate cancer progression were also dem-

onstrated by metabolomics using GC/MS and LC/MS

(Sreekumar et al. 2009).

Metabolomics, or metabolome analysis, involves two

approaches, metabolite profiling and metabolic finger-

printing (Dettmer et al. 2007). In metabolite profiling, the

selected metabolites in a particular environment are iden-

tified, and then, a quantitative or semi-quantitative assess-

ment is performed. This approach is useful for

understanding known metabolic pathways and biological

alterations. On the other hand, metabolic fingerprinting is

used to initially examine how metabolite patterns change in

response to various stimuli, for example, diseases, toxic

exposure, or environmental changes. This approach is

carried out using statistical tools such as Multiple Classi-

fication Analysis, and aims to clarify which metabolites are

important in particular environments. In this study, the

differences in metabolomes between pancreatic cancer

patients and healthy volunteers were evaluated by metab-

olite profiling based on a commercially available GC/MS

Metabolite Mass Spectral Database, and then we investi-

gated whether it is possible to discriminate among pan-

creatic cancer stages using metabolomic variations.

2 Materials and methods

2.1 Subjects

This study was approved by the ethics committee at Kobe

University Graduate School of Medicine. The human

samples were used in accordance with the guidelines of

Kobe University Hospital, and written informed consent

was obtained from all subjects. Our study included 21

patients with pancreatic cancer and 9 healthy volunteers,

and information about the participants is summarized in

Tables 1 and 3. The blood of the pancreatic cancer patients

and healthy volunteers was collected at Kobe University

Hospital and its affiliated hospital.

2.2 Serum collection and preparation

The collected blood was immediately centrifuged at

3,0009g for 10 min at 4�C, and the serum was transferred to

a clean tube and stored at -80�C until use. To extract low

molecular weight metabolites, 50 ll of serum were mixed

with 250 ll of a solvent mixture (MeOH:H2O:CHCl3 =

2.5:1:1) containing 6 ll of 1.0 mg/ml 2-isopropylmalic acid

(Sigma–Aldrich, Tokyo, Japan) dissolved in distilled water,

and then the solution was shaken at 1,200 rpm for 30 min at

37�C before being centrifuged at 16,0009g for 5 min at 4�C.

Two hundred and twenty-five micro liter of the supernatant

obtained were transferred to a clean tube, and 200 ll of

distilled water were added to the tube. After being mixed, the

solution was centrifuged at 16,0009g for 5 min at 4�C, and

Table 1 Characteristics of pancreatic cancer patients and healthy

volunteers

Pancreatic cancer patients

Age (range) 64.9 ± 2.13 (48–79)

n (male/female) 20(10/10)

Stage (III/IVa/IVb (male/female)) 3(2/1)/7(3/4)/10(5/5)

Location (head/body/tail/body

and tail/uncinate process)

11/2/5/1/1

Healthy volunteers

Age (range) 61.6 ± 3.74 (34–72)

n (male/female) 9(3/6)

Staging of pancreatic cancer was based on TNM classification. The

ages of the pancreatic cancer patients and healthy volunteers are

shown as mean ± SE
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Fig. 1 Representative TIC chromatograms from the pancreatic cancer

patients and healthy volunteers. a Pancreatic cancer patients (black).

b Healthy volunteers (red). c The overlapped TIC chromatograms

of pancreatic cancer patients (black) and healthy volunteers (red).

(Color figure online)
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Table 2 Comparison of the serum metabolites between pancreatic cancer patients and healthy volunteers

Fold induction P value Similarity Retention

time (min)

Quantified

ion (m/z)

Confirmed

ion (m/z)

1. Lactic acid 1.48 0.00011a 87 8.849 219 191

2. Glycolic acid 0.89 0.45 94 9.246 205 177

3. L-Alanine 1.02 0.83 97 10.262 190 147

4. L-Glycine 0.76 0.033a 95 10.768 204 176

5. Glyoxylic acid 1.16 0.53 86 11.004 233 218

6. Oxalic acid 1.01 0.87 86 11.037 190 219

7. 2-Hydroxybutyric acid 0.83 0.20 90 11.037 219 205

8. 3-Hydroxypropionic acid 1.28 0.32 81 11.576 219 177

9. Pyruvic acid 0.97 0.70 87 11.812 247 232

10. 4-Cresol 1.08 0.88 90 12.115 180 165

11. 3-Hydroxybutyric acid 2.49 0.21 96 12.149 233 191

12. 3-Hydroxyisobutyric acid 1.00 0.99 84 12.216 177 233

13. 2-Hydroxyisovaleric acid 1.36 0.24 95 12.418 247 219

14. Malonic acid 1.05 0.68 91 13.667 233 133

15. L-Valine 0.88 0.27 97 14.215 218 144

16. Urea 0.80 0.0028a 96 14.798 189 171

17. Octanoic acid 0.73 0.00055a 91 15.654 201 117

18. L-Leucine 0.94 0.60 92 16.168 232 218

19. Glycerol 0.73 0.069 90 16.203 218 205

20. Phosphoric acid 0.97 0.76 96 16.237 314 299

21. L-Isoleucine 1.05 0.71 95 16.956 232 218

22. L-Proline 1.26 0.23 98 17.157 216 147

23. Glyceric acid 0.53 0.00063a 87 18.261 292 189

24. Fumaric acid 1.34 0.071 85 18.462 245 217

25. Citraconic acid 1.40 0.45 93 18.796 259 184

26. L-Serine 0.99 0.92 96 19.198 306 278

27. L-Threonine 0.89 0.19 96 20.168 291 218

28. Decanoic acid 0.76 0.016a 81 22.129 229 117

29. Aspartic acid 1.30 0.075 96 24.393 334 306

30. L-Methionine 0.97 0.78 85 24.424 293 250

31. 5-Oxoproline 1.00 0.99 95 24.546 258 230

32. Thiodiglycolic acid 6.27 \0.0001a 82 24.637 294 251

33. 4-Hydroxyproline 1.29 0.12 82 24.668 332 304

34. 7-Hydroxyoctanoic acid 1.38 0.00025a 81 25.065 289 273

35. 2-Hydroxyglutaric acid 1.00 0.55 81 26.043 349 247

36. 3-Hydroxyphenylacetic acid 1.23 0.15 81 27.056 296 281

37. L-Glutamic acid 2.21 0.055 86 27.375 363 348

38. L-Phenylalanine 0.95 0.61 96 27.782 218 192

39. 4-Hydroxyphenylacetic acid 1.89 0.21 82 27.927 296 281

40. Lauric acid 0.76 0.047a 93 28.101 257 145

41. Tartaric acid 1.47 0.36 81 28.130 292 219

42. Asparagine 1.35 0.013a 84 28.942 348 333

43. cis-Glutaconic acid 1.11 0.60 80 30.953 346 331

44. Aconitic acid 1.54 0.030a 84 30.953 375 285

45. L-Glutamine 1.00 0.97 92 31.807 362 347

46. Isocitric acid 0.95 0.52 92 33.244 465 375

47. Citric acid 0.97 0.71 97 33.244 363 347
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250 ll of the resultant supernatant were transferred to a clean

tube, before being lyophilized using a freeze dryer. For

oximation, 40 ll of 20 mg/ml methoxyamine hydrochloride

(Sigma–Aldrich) dissolved in pyridine were mixed with a

lyophilized sample, before being shaken at 1,200 rpm for

90 min at 30�C. Next, 20 ll of N-methyl-N-trimethylsilyl-

trifluoroacetamide (MSTFA) (GL Science, Tokyo, Japan)

were added for derivatization, and the mixture was incubated

at 1,200 rpm for 30 min at 37�C. The mixture was then

centrifuged at 16,0009g for 5 min at 20�C, and the resultant

supernatant was subjected to GC/MS measurement.

2.3 GC/MS analysis

GC/MS analysis was performed using a GCMS-QP2010

(Shimadzu Co., Kyoto, Japan), and a DB-5 column

(30 m 9 0.25 mm i.d.; film thickness 1.00 lm) (J&W

Scientific, Folsom, CA) was included in the gas chro-

matograph system. The GC column temperature was pro-

grammed to rise from 100 to 320�C at a rate of 4�C per

minute, and the total GC run time was 60 min. The inlet

temperature was kept at 280�C, and helium was used as a

carrier gas at a constant flow rate of 39.0 cm per second. A

sample of 1.0 ll was injected at a splitless mode, and the

mass conditions were as follows: ionization voltage:

70 eV; ion source temperature: 200�C; full scan mode in

the m/z range 35–600 with a 0.20 s/scan velocity.

2.4 Data processing

The chromatogram acquisition, detection of mass spectral

peaks, and their waveform processing were performed

using Shimadzu GCMSsolution software Version 2.53

(Shimadzu Co.), and the retention time correction of peaks

was carried out based on the retention time of a standard

alkane series mixture (C-10 to C-40) using the Automatic

Adjustment of Retention Time (AART) function of the

Shimadzu GCMSsolution software. The identification of

low molecular weight metabolites was performed using a

commercially available GC/MS Metabolite Mass Spectral

Database (Shimadzu Co.), which contained a mass spectral

library; method files that specified the above-described

analytical conditions; and the data analysis parameters for

178 compounds, such as amino acids, fatty acids, and

organic acids. A similarity index was calculated on the

basis of retention time, confirmed ion and fragmentation

pattern observed in the mass spectrum of the low molecular

weight metabolites. These peaks were assigned on the

condition of possessing a similarity index of more than 80,

and peaks with a similarity index of less than 80 were

processed as unknown molecules. In addition to automatic

assessment, the identified metabolites, of which a similarity

index was more than 80, were manually checked. To per-

form the semi-quantitative assessment, the peak height of

each quantified ion was calculated and normalized using

Table 2 continued

Fold induction P value Similarity Retention

time (min)

Quantified

ion (m/z)

Confirmed

ion (m/z)

48. Glucuronic lactone 0.94 0.44 86 33.297 287 259

49. Homogentisic acid 1.26 0.031a 81 33.533 384 341

50. Myristic acid 0.77 0.0073a 95 33.533 285 129

51. Glucuronic lactone 1.14 0.45 86 33.638 230 147

52. L-Tyrosine 0.99 0.92 85 36.297 382 354

53. Palmitoleic acid 1.31 0.36 97 38.017 311 145

54. Palmitic acid 0.79 0.032a 97 38.447 313 145

55. N-Acetyltyrosine 1.57 0.026a 80 40.171 260 218

56. Uric acid 0.61 0.0029a 95 40.354 456 441

57. Margaric acid 0.80 0.018a 92 40.788 327 342

58. Indolelactic acid 1.22 0.54 93 42.198 421 292

59. Stearic acid 0.74 0.0034a 95 42.986 341 145

60. L-Tryptophan 0.98 0.82 95 43.139 405 377

2-Isopropylmalic acid (Internal standard) 27.620 275 147

Values are represented as the fold-induction of the peak intensity of the pancreatic cancer patients (n = 20) compared with that of the healthy

volunteers (n = 9). P values were calculated according to the Student’s t-test, and superscript letters (a) indicate lower P values than 0.05. The

similarity index was calculated on the basis of retention time, confirmed ion and fragmentation pattern observed in the mass spectrum of the low

molecular weight metabolites. The peak intensity was quantified for each quantified ion and normalized to that of 2-isopropylmalic acid as an

internal standard
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the peak height of 2-isopropylmalic acid as an internal

standard.

2.5 Multiple classification analysis

The dataset for the Multiple Classification Analysis was

compiled from the metabolite profiling results, and we

constructed a three-dimensional matrix using the data

regarding sample names (observations), metabolite num-

bers (variable indices), and normalized peak intensities

(variables). Principal Component Analysis (PCA) and

Partial Least Squares Discriminant Analysis (PLS-DA)

were performed using commercially available SIMCA-P?

Software Version 12.0.1 (Umetrics, Umeå, Sweden). In

chemometric analysis, pareto scaling was applied to the

data processing. The scores plots of the first two or three

principal components were used to assess the similarities

and differences among various groups, and the corre-

sponding loadings plots were used to determine the

metabolites responsible for the separation seen in the PCA

and PLS-DA scores plots.

2.6 Statistics

Data are expressed as the mean ± standard error (SE).

Statistical significance was analyzed using the Student’s

t-test, and a level of probability of 0.05 was used as the

criterion of significance.

3 Results and discussion

The discovery of novel biomarkers for pancreatic cancer is

required for its early detection. In this study, metabolome

analysis of serum was performed as a novel diagnostic

approach for pancreatic cancer. The sera from 20 pancre-

atic cancer patients with Stage III, Stage IVa, or Stage IVb

disease, and 9 healthy volunteers were subjected to mea-

surement by GC/MS. The clinical characteristics of 20

pancreatic cancer patients are summarized in Table 1. As

listed in Table 1, the pancreatic cancer patients had Stage

III, IVa, or IVb disease, and their pancreatic tumors were

located in various sites, such as the pancreatic head, body,

tail, and uncinate process. Only four of all pancreatic

cancer patients used in this study was treated with a ther-

apeutic agent, Gemzar.

First, serum metabolite profiling was performed by GC/

MS, and representative TIC chromatograms from the

pancreatic cancer patients (black) and healthy volunteers

(red) were shown in Fig. 1a and b, respectively. The

overlapped TIC chromatograms of pancreatic cancer

patients (black) and healthy volunteers (red) were also

illustrated (Fig. 1c), and it was observed that the intensity

of some peaks was different between the pancreatic cancer

patients (black) and healthy volunteers (red). In our

experimental conditions (and using the GC/MS Metabolite

Mass Spectral Database developed by Shimadzu Co.), a

total of 60 metabolites (59 individual metabolites), of

which a similarity index was more than 80, were detected

in serum (Table 2). The intensity of each peak was mea-

sured and normalized, and then the fold induction of peak

intensity was calculated as the ratio of the peak intensity of

the pancreatic cancer patients to that of the healthy vol-

unteers. As shown in Table 2, the levels of 18 of 60

metabolites were significantly changed in the pancreatic

cancer patients compared with the healthy volunteers

(P \ 0.05). The significantly changed metabolites were as

follows (Fold induction): the levels of lactic acid (91.48),

thiodiglycolic acid (96.27), 7-hydroxoctanoic acid

(91.38), asparagine (91.35), aconitic acid (91.54),

homogentisic acid (91.26), and N-acetyltyrosine (91.57)

were significantly increased in the pancreatic cancer

patients, and those of L-glycine (90.76), urea (90.80),

octanoic acid (90.73), glyceric acid (90.53), decanoic acid

(90.76), lauric acid (90.76), myristic acid (90.77), pal-

mitic acid (90.79), uric acid (90.61), margaric acid

(90.80), and stearic acid (90.74) were significantly

decreased. In previous studies, it was reported that the

serum levels of these metabolites were changed by other

diseases. For example, a previous study suggested that

lactate is a marker of energy failure in critically ill patients

(Valenza et al. 2005), whereas the serum level of homo-

gentisic acid in alkaptonuria patients was significantly

increased (Bory et al. 1990). The serum urea level was

significantly decreased in cirrhotic patients compared with

that in healthy volunteers (Marescau et al. 1995). In addi-

tion, variations in the levels of other low molecular weight

metabolites were observed in hepatocellular carcinoma

patients (Xue et al. 2008) and prostate cancer patients

(Lokhov et al. 2010). Thus, the levels of multiple low

molecular weight metabolites are changed in various

Fig. 2 PCA based on the metabolite profile data of pancreatic cancer

patients and healthy volunteers. a 3D-PCA scores plots discriminating

between the pancreatic cancer patients and healthy volunteers. The

circles (black and red ) indicate the results of the pancreatic cancer

patients (n = 20) and healthy volunteers (n = 9), respectively. The

principal components PC1 (t[1]), PC2 (t[2]), and PC3 (t[3]) described

20.4, 16.3, and 12.6% of the variation, respectively (A = 3,

R2X = 0.493). The sphere indicates Hotelling T2 (0.95) for this

model. b 2D-PCA scores plots discriminating between the pancreatic

cancer patients and healthy volunteers. 2D-PCA scores plots consist-

ing of the principal components PC1 (t[1]), PC2 (t[2]), or PC3 (t[3])

were shown. The circles (black and red) indicate the results of the

pancreatic cancer patients (n = 20) and healthy volunteers (n = 9),

respectively. (c) 2D-PCA loadings plots discriminating between the

pancreatic cancer patients and healthy volunteers. The 2D-PCA

loadings plots were calculated on the basis of (b). Each metabolite is

indicated by the corresponding number shown in Table 2. (Color

figure online)

c
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diseases, and different types of diseases seem to cause

variations in the same metabolites. This may be due to

inflammation, which occurs in various diseases. However,

the metabolome is dynamic, and it is highly possible that

certain pathological conditions lead to dynamic variations

in the metabolome; i.e., variations in the levels of multiple

low molecular weight metabolites. These facts raise the

necessity for a multi-biomarker approach to the assessment

of various pathological conditions using the levels of

multiple low molecular weight metabolites. Therefore, we

investigated whether the variation patterns of the levels of

the 60 metabolites detected in this study, of which a sim-

ilarity index was more than 80, were different between the

pancreatic cancer patients and healthy volunteers. In this

study, PCA, which is a basic form of Multiple Classifica-

tion Analysis, was performed. The 3D- and 2D-PCA scores

plots based on the 60 metabolites exhibited differences

between the pancreatic cancer patients (black) and healthy

volunteers (red) (Fig. 2a and b), although no influence on

the serum metabolome by therapeutic agents was observed

in the 3D and 2D-PCA scores plots (data not shown). In

addition, the corresponding 2D-PCA loadings plots

revealed that the variations in the levels of lactic acid,

aconitic acid, thiodiglycolic acid, urea, octanoic acid,

glyceric acid, uric acid, and stearic acid largely contributed

to the observed separation of the pancreatic cancer patients

and healthy volunteers (Fig. 2c). These results indicate the

statistical difference between the pancreatic cancer patients

and healthy volunteers with regards to the variation pat-

terns of the 60 metabolites detected in this study.

Next, the differences among the various pancreatic

cancer stages were assessed using PLS-DA scores plots,

and we found that it was possible to discriminate among

the Stage III, Stage IVa, and Stage IVb groups (Fig. 3a). In

the corresponding PLS-DA loadings plots (Fig. 3b), except

the 8 metabolites (lactic acid, aconitic acid, thiodiglycolic

acid, urea, octanoic acid, glyceric acid, uric acid, and

stearic acid) obtained from Fig. 2c, the variations in the

levels of L-glycine, 3-hydroxybutyric acid, decanoic acid,

4-hydroxyproline, 7-hydroxyoctanoic acid, L-glutamic

acid, 4-hydroxyphenylacetic acid, tartaric acid, asparagine,

homogentisic acid, palmitoleic acid, palmitic acid, and

N-acetyltyrosine were found to have contributed to the

result of the PLS-DA scores plots (Fig. 3a).

The metabolites characterizing the pancreatic cancer

patients and furthermore each stage were selected from the

results of PCA (Fig. 2) and PLS-DA (Fig. 3) loadings

plots, and their serum levels were compared among the

Stage III, Stage IVa, and Stage IVb pancreatic cancer

patients and healthy volunteers (Fig. 4). In Stage III pan-

creatic cancer, the tumor has infiltrated the surrounding

pancreas regardless of its size and may have spread to

nearby lymph nodes. It may also have spread to other body

organs through the lymph system. On the other hand,

pancreatic cancer Stage IV can be divided into two groups,

i.e., Stage IVa and Stage IVb. Stage IVa involves adjacent

organs or blood vessels, although the location is restricted.

On the other hand, Stage IVb disease has spread to distant

organs, such as the liver and lung; i.e., metastasis. There-

fore, not only pancreatic tumors but also other factors are

supposed to affect the serum metabolome. For example, the

transfer of pancreatic tumors to other organs via the blood

may have influenced the observed separation among the

Stage III, Stage IVa, and Stage IVb groups. Besides their

transfer via the blood, multiple differences in the patho-

logical conditions of pancreatic cancer would be involved

in the results in this study. Actually, characteristic varia-

tions of metabolites among the Stage IVb, Stage IVa, Stage

III, and healthy volunteer groups were observed. The serum

levels of 3-hydroxybutyric acid and tartaric acid tended to

be increased in the Stage IVb group compared with the

healthy volunteer group, while no variations in the Stage

IVa and Stage III groups were observed (Fig. 4). Regarding

4-hydroxyproline and palmitoleic acid, the significant

increases were observed in the Stage IVa and Stage III

groups, respectively (Fig. 4). The serum level of L-glu-

tamic acid was changed according to the following order:

Stage IVb [ Stage IVa [ Stage III [ healthy volunteers

(Fig. 4). The 4-hydroxyphenylacetic acid level was

increased in the Stage IVb and Stage III groups, although

no variations in the Stage IVa group were observed

(Fig. 4). These results suggest that metabolomics is capa-

ble of representing the pathological conditions of pancre-

atic cancer in more detail, although the relationship

between alterations of metabolites and locations of tumor

in pancreatic tissue was not confirmed from results of

metabolite profiling in this study (data not shown).

Finally, the potential of metabolomics as an early diag-

nostic tool for pancreatic cancer was investigated using the

serum from 1 Stage I pancreatic cancer patient. The clinical

characteristics of the Stage I pancreatic cancer patient are

summarized in Table 3. As listed in Table 3, the serum

concentrations of CEA and CA19-9, which are classic tumor

markers, were normal levels. Regarding the 21 metabolites

shown in Fig. 4, their serum levels in the Stage I pancreatic

cancer patient were compared with the healthy volunteers

(n = 9), and the fold-induction was calculated. The

obtained results were as follows: Lactic acid, 91.89; aco-

nitic acid, 91.09; thiodiglycolic acid, 98.52; urea, 90.82;

octanoic acid, 90.33; glyceric acid, 90.70; uric acid, 90.95;

stearic acid 91.37; L-glycine, 91.07; 3-hydroxybutyric

acid, 91.02; decanoic acid, 90.55; 4-hydroxyproline,

90.76; 7-hydroxyoctanoic acid, 91.38; L-glutamic acid,

92.17; 4-hydroxyphenylacetic acid, 91.10; tartaric

acid, 0.81; asparagine, 91.60; homogentisic acid, 91.35;

palmitoleic acid, 94.36; palmitic acid, 92.28; and

Serum metabolomics for pancreatic cancer 525

123



N-acetyltyrosine, 91.52. Values of lactic acid, urea, deca-

noic acid, thiodiglycolic acid, 7-hydroxyoctanoic acid, L-

glutamic acid, asparagine, homogentisic acid, and N-acety-

ltyrosine were similar to those obtained from the Stage III,

Stage IVa, and Stage IVb pancreatic cancer patients

(Table 2). Regarding palmitic acid, the opposite variation

was observed (Table 2), suggesting the possibility of effects

on the serum metabolome by cancer invasion and metastasis.

These results indicate that serum metabolomics may be

useful for the early detection of pancreatic cancer, although

larger studies are needed in the future.

Thus far, many researchers have attempted to find novel

biomarkers for pancreatic cancer using proteomic and

transcriptomic approaches (Hibi et al. 2009; Sitek et al.

2009; Yu et al. 2009), but their research findings have not

demonstrated a practical use. Based on the findings of our

current study, it was indicated that the pathogenesis of

pancreatic cancer leads to variations in the serum levels of

low molecular weight metabolites, and our study supports

the potential of metabolomics as an early diagnostic tool

for pancreatic cancer, although larger studies are needed to

verify its practical utility.
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Fig. 3 PLS-DA based on the metabolite profile data of pancreatic

cancer patients and healthy volunteers. a PLS-DA scores plots

discriminating between the various stages of pancreatic cancer. The

triangles (blue), squares (red), circles (black), and diamonds (green)
indicate Stage III (n = 3), Stage IVa (n = 7), Stage IVb (n = 10),

and healthy volunteers (n = 9), respectively. The principal compo-

nents PC1 (t[1]), PC2 (t[2]), and PC3 (t[3]) described 17.5, 12.9, and

5.8% of the variation, respectively (A = 3, R2X = 0.362). The

ellipse indicates Hotelling T2 (0.95) for this model. b PLS-DA

loadings plots discriminating between the various stages of pancreatic

cancer. The PLS-DA loadings plots were calculated on the basis of

(a). Each metabolite is indicated by the corresponding number shown

in Table 2. (Color figure online)
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4 Concluding remarks

In serum metabolome analysis using GC/MS, it was con-

firmed that the levels of various metabolites were changed

in pancreatic cancer patients compared with those in

healthy volunteers. In addition, our results suggested that

metabolomics is capable of representing the differences

between the various stages of pancreatic cancer. Our

findings will hopefully lead to the discovery of novel

biomarkers that allow the early detection of pancreatic

cancer by metabolomic approaches. The variations in the

serum levels of metabolites may also provide promising

markers not only for the early diagnosis of pancreatic

cancer but also its prognosis.
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Table 3 Characteristics of Stage I pancreatic cancer patient

Age (year) 53
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Location Pancreatic body

CEA (ng/ml) 2.1

CA19-9 (U/ml) 8

Staging of pancreatic cancer was based on TNM classification
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Fig. 4 The serum levels of 21

targeted metabolites obtained

from Figs. 2 and 3. Values are

shown as the fold-induction of

the peak intensity of the

pancreatic cancer patients

(n = 20: Stage IVb, n = 10;

Stage IVa, n = 7; Stage III,

n = 3) compared with that of

the healthy volunteers (n = 9).

The pancreatic cancer Stage IVb

patients, Stage IVa patients,

Stage III patients, and healthy

volunteers are illustrated as

black, crossed, dotted, and
white bars, respectively. Data

are shown as the mean ± SE,

and asterisks indicate a

significant difference according

to the Student’s t-test

(*, P \ 0.05; **, P \ 0.01)

Serum metabolomics for pancreatic cancer 527

123



Education from the Ministry of Education, Culture, Sports, Science

and Technology of Japan [A.I.].

References

Bory, C., Boulieu, R., Chantin, C., & Mathieu, M. (1990). Diagnosis

of alcaptonuria: rapid analysis of homogentisic acid by HPLC.

Clinica Chimica Acta, 189, 7–11.

Ching, C. K., & Rhodes, J. M. (1989). Enzyme-linked PNA lectin

binding assay compared with CA19–9 and CEA radioimmuno-

assay as a diagnostic blood test for pancreatic cancer. British
Journal of Cancer, 59, 949–953.

Dettmer, K., Aronov, P. A., & Hammock, B. D. (2007). Mass

spectrometry-based metabolomics. Mass Spectrometry Reviews,
26, 51–78.

Hibi, T., Mori, T., Fukuma, M., et al. (2009). Synuclein-c is closely

involved in perineural invasion and distant metastasis in mouse

models and is a novel prognostic factor in pancreatic cancer.

Clinical Cancer Research, 15, 2864–2871.

Hirayama, A., Kami, K., Sugimoto, M., et al. (2009). Quantitative

metabolome profiling of colon and stomach cancer microenvi-

ronment by capillary electrophoresis time-of-flight mass spec-

trometry. Cancer Research, 69, 4918–4925.

Jemal, A., Siegel, R., Ward, E., et al. (2009). Cancer statistics, 2009.

CA: A Cancer Journal for Clinicians, 59, 225–249.

Lokhov, P. G., Dashtiev, M. I., Moshkovskii, S. A., & Archakov, A. I.

(2010). Metabolite profiling of blood plasma of patients with

prostate cancer. Metabolomics, 6, 156–163.

Marescau, B., De Deyn, P. P., & Holvoet, J. (1995). Guanidino

compounds in serum and urine of cirrhotic patients. Metabolism,
44, 584–588.

Parkin, D. M., Bray, F., Ferlay, J., & Pisani, P. (2001). Estimating the

world cancer burden: Globocan 2000. International Journal of
Cancer, 94, 153–156.

Rosty, C., & Goggins, M. (2002). Early detection of pancreatic

carcinoma. Hematology/Oncology Clinics of North America, 16,

37–52.

Sitek, B., Sipos, B., Alkatout, I., et al. (2009). Analysis of the

pancreatic tumor progression by a quantitative proteomic

approach and immunhistochemical validation. Journal of Pro-
teome Research, 8, 1647–1656.

Sreekumar, A., Poisson, L. M., Rajendiran, T. M., et al. (2009).

Metabolomic profiles delineate potential role for sarcosine in

prostate cancer progression. Nature, 457, 910–914.

Uehara, H., Nakaizumi, A., Tatsuta, M., et al. (1999). Diagnosis of

pancreatic cancer by detecting telomerase activity in pancreatic

juice: Comparison with K-ras mutations. American Journal of
Gastroenterology, 94, 2513–2518.

Valenza, F., Aletti, G., Fossali, T., et al. (2005). Lactate as a marker

of energy failure in critically ill patients: hypothesis. Critical
Care, 9, 588–593.

Xue, R., Lin, Z., Deng, C., et al. (2008). A serum metabolomic

investigation on hepatocellular carcinoma patients by chemical

derivatization followed by gas chromatography/mass spectrom-

etry. Rapid Communications in Mass Spectrometry, 22, 3061–

3068.

Yokoyama, M., Ochi, K., Ichimura, M., et al. (2002). Matrix

metalloproteinase-2 in pancreatic juice for diagnosis of pancre-

atic cancer. Pancreas, 24, 344–347.

Yu, K. H., Barry, C. G., Austin, D., et al. (2009). Stable isotope

dilution multidimensional liquid chromatography-tandem mass

spectrometry for pancreatic cancer serum biomarker discovery.

Journal of Proteome Research, 8, 1565–1576.

528 S. Nishiumi et al.

123


	Serum metabolomics as a novel diagnostic approach for pancreatic cancer
	Abstract
	Introduction
	Materials and methods
	Subjects
	Serum collection and preparation
	GC/MS analysis
	Data processing
	Multiple classification analysis
	Statistics

	Results and discussion
	Concluding remarks
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


