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Abstract 23 

 24 

Background 25 

Due to lack of effective early diagnostic methods, ovarian cancer (OC) remains a disease with 26 

a very unfavorable prognosis and correct differentiation between benign and malignant ovarian 27 

tumors is often difficult. Metabolomic profiling has recently been widely used in the search for 28 

non-invasive cancer diagnostic methods. In this research the serum free amino acid profiles 29 

were investigated to identify potential novel biomarkers of OC and assess their performance in 30 

ovarian tumor differential diagnosis.  31 

Results  32 

Serum samples from patients diagnosed with ovarian tumors were divided based on the 33 

histopathological result: epithelial OC (n=38), borderline ovarian tumors (n=6) and benign 34 

ovarian tumors (BOTs) (n=62). Serum free amino acid profiles were evaluated using aTRAQ 35 

methodology based on high-performance liquid chromatography electrospray ionization 36 

tandem mass spectrometry. In the performed analyses, the levels of eleven amino acids 37 

significantly differed between OC + borderline and BOTs. The highest AUC (0.787) was 38 

obtained for histidine. Cystine and histidine were identified as best single markers for early 39 

stage OC/BOT and type I OC. For advanced stage OC, seven amino acids differed significantly 40 

between the groups and citrulline obtained the best AUC of 0.807. Between type II OC and 41 

BOTs eight amino acids differed significantly and  the highest AUC of 0.798 was achieved by 42 

histidine and citrulline (AUC of 0.778).  43 

 44 

Conclusions 45 
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Serum free amino acid profiles are significantly altered in OC patients as compared to those 46 

with BOTs. Histidine emerges as a potential new biomarker in differential diagnosis of ovarian 47 

tumors. Adding histidine to a multimarker panel together with CA125 and HE4 improved the 48 

differential diagnosis between OC and BOTs. 49 

 50 
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Ovarian cancer, ovarian neoplasm, biomarker, amino acids, metabolomics, metabolic profiling 52 

 53 

  54 



4 
 

Background 55 

 56 

The research for elaborating efficient ovarian cancer (OC) diagnostic tools has been ongoing 57 

for decades. Until now, no screening method is available and the disease has a very unfavorable 58 

prognosis, mainly due to the fact that over 70% of the patients are diagnosed in late stages, i.e. 59 

stage III and IV according to the International Federation of Gynaecology and Obstetrics 60 

(FIGO). Early and specific diagnosis is essential to improve the treatment outcome, as five-year 61 

survival rates for FIGO stage I reach 90% as compared to about 30% for advanced disease 62 

(FIGO stage III–IV) (1).  63 

 64 

One of the challenges in OC diagnosis is the correct differentiation of ovarian tumors noticed 65 

on routine transvaginal ultrasound examination. So far, histological examination of the resected 66 

tissue still remains the golden standard. This approach results in unnecessary surgical 67 

procedures that, if a reliable non-invasive diagnostic method existed, could be avoided as over 68 

90% of ovarian masses detected in pre-menopausal women and up to 60% of those in post-69 

menopausal women are benign (2). Moreover, correct pre-operative diagnosis of OC enables 70 

adequate referral of the patient to specialized gynecologic oncology centers where evaluation 71 

by an interdisciplinary tumor board and optimal debulking surgery is possible. Treating women 72 

with OC in specialized centers is crucial to ensure proper management and was proved to 73 

significantly improve the prognosis (3). 74 

Some clinical multivariate diagnostic models used in ovarian tumor differential diagnosis were 75 

reported to be quite efficient, for example ADNEX model, based on ultrasound features and 76 

clinical data, was reported to reach an area under the receiver operating characteristic (AUC of 77 

ROC) curves as high as 0.954 (4). However, despite the excellent performance, its clinical 78 
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application is highly limited due to the need for highly-trained medical staff and modern 79 

equipment to perform high-quality ultrasound assessment of ovarian tumors and record the 80 

required features for the model. For this reason, biomarker research is more likely to provide 81 

accessible and ready-to-use diagnostic methods.  82 

 83 

Metabolomic profiling has recently become a very promising target in the search for non-84 

invasive cancer diagnostic methods. Metabolome is defined as a complete set of small-85 

molecules within a biological sample. Therefore, it is a direct reflection of the current processes 86 

in the organism and is altered by pathological conditions such as carcinogenesis. Free amino 87 

acids profiling is one of the metabolomic approaches because many proteinogenic (used to build 88 

proteins) and non-proteinogenic amino acids play critical roles within the body, e.g. act as 89 

neurotransmitters (glutamic acid), form connective tissue (hydroxyproline), are used to 90 

synthesize porphyrins in erythrocytes (glycine) or help in lipid transport (carnitine). Several 91 

studies revealed an alteration of plasma/serum free amino acid (PFAA/SFAA) profile in 92 

patients with cancer, e.g. lung, gastric, colorectal, renal, breast or prostate (5–7).  93 

 94 

The purpose of this study was to investigate the differences in the SFAA profile in patients with 95 

OC and BOT and assess the diagnostic utility of relevant amino acids in pre-surgical differential 96 

diagnosis of ovarian tumors. To the best of our knowledge, this is the first study in ovarian 97 

cancer that analyzes such a wide spectrum of the SFAA profile in differential diagnosis of 98 

ovarian tumors. 99 

 100 

Results 101 

 102 
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Out of 42 analyzed amino acids, 33 were included in the final analysis due to the fact that the 103 

concentrations of 9 amino acids did not exceed the limit of quantitation (LOQ).  104 

 105 

There were no statistically significant differences in body mass index (BMI) between  the 106 

studied groups. As some conditions, such as hepatitis, cirrhosis, diabetes or malnutrition 107 

(defined as weight loss >10% in the past 3 months), were reported to alter PFAA profiles (8), 108 

they were among the exclusion criteria. Cachectic patients were excluded from the analysis 109 

therefore malnutrition was not expected to influence the results. Significant differences in age 110 

as well as menopausal status  were observed among the groups, as expected in a real-life 111 

population taking into account the disease incidence. Detailed study group characteristics are 112 

presented in Table 1. 113 

 114 

All borderline tumors and OC patients underwent complete surgical staging according to the 115 

classification by FIGO. Approximately one-third of OC patients had early stage disease (FIGO 116 

I-II) (Table 2). 117 

 118 

Table 1. Study group characteristics. 119 

 120 

 Ovarian cancer 
Borderline 

tumors 
BOTs 

 Total Type I Type II   

Number of samples 

(%) 

38 (24.4) 7 (4.5) 31 (19.9) 6 (3.9) 62 (39.7) 

Age (years) median 

(range) 

60 (32-78) 54 (32-70) 63 (36-78) 48 (37-52) 40.5 (17-72) 

BMI median  

(range) 

25.1 

(18.6–38.4) 

26.0 (18.6-

36.9) 

25.0 (20.7-

38.4) 

27.3  

(17.3–31.6) 

24.3  

(17.9–39.9) 
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% of 

postmenopausal 

79 57 84 33 26 

FIGO stage, n (%)      

I 10 (26.3) 4 (57.1) 6 (19.4) 6 (100) N/A 

II 2 (5.3) 0 2 (6.5) 0 N/A 

III 25 (65.8) 3 (43.9) 22 (71.0) 0 N/A 

IV 1 (2.6) 0 1 (3.2) 0 N/A 

Histopathological 

type, n (%) 

 

     

Serous 16 (42.1) 3 (7.9) 13 (34.2) 4 (66.7) 14 (22.6) 

Endometrioid 4 (10.5) 0 4 (10.5) 1 (16.7) 18 (29.0) 

Mucinous 1 (2.6) 1 (2.6) 0 1 (16.7) 2 (3.2) 

Clear cell 3 (7.9) 3 (7.9) 0 0 N/A 

Undifferentiated 10 (26.3) 0 10 (26.3) 0 N/A 

Non identified 4 (10.5) 0 4 (10.5) 0 N/A 

Teratoma N/A N/A N/A N/A 11 (17.7) 

Other N/A N/A N/A N/A 17 (27.4) 

 121 

 122 

The results of the statistical analyses are presented in Tables 2-3 and S1. 123 

 124 

A. Usefulness of amino acid profiling in differential diagnosis of ovarian tumors (OC 125 

vs BOTs) and (OC+borderline tumors vs BOTs) 126 

 127 

In the performed analyses, the levels of ten amino acids significantly differed between OC and 128 

BOT (elevated in OC: Aad, Cys, Ile, Leu; decreased in OC: Asn, Cit, Gln, His, Thr, Trp). When 129 

borderline tumors were added to the OC group, the level of one additional amino acid (Phe) 130 

was significantly increased in the OC/borderline tumors group. The highest AUC in both 131 

analyses (0.820 and 0.787, respectively) was obtained by histidine which level was significantly 132 

reduced in the OC/borderline tumors patients. However, none of the analyzed amino acids 133 

obtained an AUC superior to those of CA125 and HE4 (Table 2).  134 

 135 
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In order to further evaluate the performance of histidine, multivariate models based on two 136 

variables (CA125+HE4) and three variables (CA125+HE4+histidine) were created. The 137 

analysis revealed that adding histidine to a multi-marker panel improved the diagnostic 138 

performance of the test in both analyses (Table 3).  139 

 140 

B. Usefulness of amino acid profiling in detecting early stages of ovarian cancer 141 

(FIGO I-II (incl. borderline tumors) vs benign and FIGO III-IV vs benign) 142 

 143 

In order to assess the ability of the analyzed markers to detect early stage disease, two subgroups 144 

of OC patients (FIGO stage I-II and FIGO stage III-IV) were independently compared against 145 

benign ovarian tumor group. This analysis included borderline tumors and all of them were 146 

staged FIGO I. In the first analysis, the levels of two amino acids (Cys and His) differed 147 

significantly between early stage OC and BOT, whereas in advanced stage OC the levels of 148 

seven amino acids were significantly different than in BOT (Aad, Cut, Gln, His, Ile, Thr, Trp). 149 

These results confirm that the SFAA profiles become increasingly altered when the malignancy 150 

progresses. The highest AUC in early stage OC was achieved by histidine (0.786) and in 151 

advanced stage OC by citrulline (0.807), although histidine also obtained a high AUC of 0.788. 152 

Again, none of the analyzed amino acids obtained an AUC superior to those of CA125 and HE4 153 

(Table 2). As expected, the discriminatory ability of CA125 and HE4 was higher in advanced 154 

stage OC.  155 

 156 

The addition of histidine improved the diagnostic accuracy of a multivariate model for early 157 

stage disease (FIGO I-II vs BOT) and the addition of citrulline improved the diagnostic 158 
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accuracy of a multivariate model for advanced stage disease (FIGO III-IV vs BOT), however 159 

the raise in the AUC value was negligible (Table 3). 160 

 161 

C. Usefulness of amino acid profiling in distinguishing ovarian cancer types (type I 162 

OC vs type II OC , type I OC vs benign, type II OC vs benign) 163 

 164 

Having in mind the heterogeneity of OC, this set of analyses was performed to investigate if 165 

two clinically and molecularly distinct subtypes of OC (according to Kurman et al. (9)) could 166 

possibly have their own specific markers. Borderline tumors were included in this analysis as 167 

type I OC. Interestingly, only citrulline was expressed differently in type I OC than in type II 168 

OC (AUC of 0.730). The levels of histidine, which obtained the highest AUC in almost all other 169 

analyses, did not differ significantly between type I and type II OC which may be suggestive 170 

of its universal role in OC diagnosis. In the comparison between type I OC and BOT two amino 171 

acids were expressed differently (Cys and His) and these were the same ones that were useful 172 

in detecting early stage OC. The fact that type I OC is generally characterized by less aggressive 173 

clinical course and thus is more likely to be diagnosed in early stages, corresponds well with 174 

these results. When comparing type II OC with BOT, eight amino acids significantly 175 

differentiated the groups (Aad, Cit, Gln, His, Ile, Leu, Phe, Trp). The highest discriminatory 176 

ability was again achieved by histidine (AUC of 0.798), closely followed by citrulline (AUC of 177 

0.778) which may suggest citrulline as a type II OC marker (particularly as it did not reach 178 

statistical significance in type I OC vs BOT analysis). Additionally, cystine could be 179 

distinguished as a potential type I OC marker as it was one of the few amino acids that did reach 180 

statistical significance in the type I vs BOT analysis.  181 

 182 
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Both, CA125 and HE4, obtained high AUC in all analyses, however their discriminatory ability 183 

was significantly higher for type II OC (AUC of 0.965 and 0.972, respectively) than for type I 184 

OC (AUC of 0.810 and 0.828, respectively).  185 

 186 

In multivariate model analyses the addition of histidine to a two-marker panel consisting of 187 

CA125 and HE4 only slightly raised respective AUC values (Table 3). 188 

 189 

Table 2. Serum free amino acids and OC markers (CA125 and HE4) showing significant p-190 

values (p<0.05) and corresponding AUC of ROC in differential diagnosis between the analyzed 191 

groups. The highest obtained AUC in each group are bolded. 192 

[Table 2 provided in a separate file.] 193 

 194 

Table 3. Areas under the receiver operating characteristic (AUC of ROC) curves for 195 

multivariate models comparing their diagnostic utility in differential diagnosis between the 196 

analyzed groups. 197 

 198 

Result

s 

sectio

n 

Analyzed groups 2-marker 

model 

AUC (CI 

95%) 

3-marker model 

AUC (CI 95%) 

  CA125+HE4 

 

CA125+HE4

+histidine 

CA125+HE4+

citrulline 

A ovarian cancer (OC) vs BOT 0.988  

(0.965-) 

 

0.995  

(0.981) 

 

x 

A OC+borderline ovarian tumors 

vs BOT 

0.938  

(0.863-) 

0.955  

(0.893-) 

x 

B FIGO stage I-II OC vs BOT 0.839  

(0.682-0.995) 

0.873 

(0.710-0.987) 

x 



11 
 

B FIGO stage III-IV OC vs BOT 0.996 

(0.978-) 

x 0.999 

(0.996-) 

C Type I OC vs BOT 0.802 

(0.523-) 

0.822 

(0.575-0.998) 

x 

C Type II OC vs BOT 0.988 

(0.961-) 

0.993 

(0.974-)) 

x 

 199 

 200 

Discussion 201 

 202 

For many years, inefficient attempts have been made to find a method for early detection of 203 

OC. As ovaries are relatively inaccessible organs and as most ovarian masses are benign, ideally 204 

the diagnosis of OC should be obtained from an accessible body fluid, such as blood, urine or 205 

saliva. Moreover, due to rarity of this cancer, potential markers should have high sensitivity 206 

and specificity to ensure cost-effectiveness. In recent years, thanks to technological advances, 207 

metabolomics has emerged as a promising method of search for new OC biomarkers. 208 

A strength of our research is the adoption of state-of-the-art aTRAQ methodology based on 209 

high-performance liquid chromatography electrospray ionization tandem mass spectrometry 210 

(HPLC-ESI-MS/MS) that decreased the required sample volume, enhanced specificity and 211 

significantly reduced time of chromatographic separation compared to conventional amino 212 

acids quantitation basing on ion exchange chromatography (IEC) followed by post-column 213 

ninhydrin derivatization and UV detection. Moreover, quantitation based on labeled internal 214 

standard for each analyte ensured high accuracy and reliability of the metabolomic data (10). 215 

Owing to the small sample volume required (40 µL) and short time of analysis per sample 216 

needed (18 minutes), this high-throughput method emerges as promising approach in the 217 

contemporary biomarker research. 218 

 219 
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Amino acids are the key components of peptides and proteins and are essential for cancer 220 

growth. Changes in their availability have profound effects on many aspects of cellular 221 

functions such as cell signaling, gene expression and transportation of amino acids themselves 222 

(11). PFAA/SFAA profiles reflect the physiological or pathological conditions of an organism. 223 

Alterations in the PFAA/SFAA profiles can be attributed to malnutrition in cancer patients 224 

(therefore most studies, including ours, exclude cachectic patients from the analysis) and to the 225 

hypermetabolic changes such as increased lipolysis, fatty acid oxidation and whole-body 226 

protein catabolism (12). Several studies confirmed that PFAA/SFAA profile is significantly  227 

altered in cancer patients, e.g. lung, gastric, colorectal, breast, renal, prostate and endometrial 228 

cancers (5–7,13,14). However, studies on PFAA/SFAA profiling in ovarian cancer are very 229 

scarce.  230 

 231 

Our results identified histidine as the most effective OC marker in almost all analyzed 232 

subgroups. What is especially valuable, its performance did not drop for detection of early-233 

stage cancer (AUC of 0.786 and 0.788 for early and late-stage OC, respectively). Moreover, it 234 

obtained similar results in the comparison between type I or type II OC with BOT and did not 235 

differ significantly between the two OC types. Therefore, it could be considered as a universal 236 

OC biomarker and should undergo further research. Histidine was closely followed by 237 

tryptophan which obtained high AUC values, especially in advanced stage and high-grade (type 238 

II) OC. The depletion of those two amino acids in OC patients are in line with the recent studies 239 

– see Table 4. 240 

 241 

The results of our study also point at citrulline that could be considered as a type II OC marker 242 

(particularly as it did not reach statistical significance in type I OC vs BOT analysis). 243 
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Additionally, cystine could be distinguished as a potential type I OC marker as it was one the 244 

few amino acids that did reach statistical significance in the type II vs BOT analysis. However, 245 

the performance of these two amino acids may not be sufficient for clinical use.  246 

 247 

Table 4. Overview of metabolomic studies on OC and their results: concentrations of several 248 

amino acids were significantly different in OC as compared to BOT and/or healthy controls.  249 

[Table 4 provided in a separate file.]250 

 251 

Our findings correspond with the results of a paper on high-grade serous OC (equivalent to type 252 

II OC in our study) using targeted metabolomics which reports a decreased serum 253 

concentrations of five amino acids (histidine, lysine, threonine, tryptophan, citrulline) 254 

compared with healthy controls that also correlated with shorter overall survival of cancer 255 

patients (18). The levels of four of these amino acids (histidine, threonine, tryptophan, 256 

citrulline) were decreased in OC patients in our analysis and three (histidine, tryptophan, 257 

citrulline) were decreased in type II OC, although it has to be noted that the comparison was 258 

between OC and BOT (not healthy controls). Other important findings of the above-mentioned 259 

study are that the levels of amino acids identified as significant were similar in serum, ascites 260 

fluid and tumor tissue and that they were positively correlated with the tumor load (i.e. 261 

recovered to concentrations typical for healthy patients after initiation of anti-cancer treatment). 262 

The authors conclude that this suggests that the depletion of certain amino acids in serum is a 263 

direct effect of tumor metabolism (18).  264 

 265 

Other studies that analysed serum samples identified altered levels of several amino acids in 266 

OC patients. These results are summarized in Table 4. There are a lot of discrepancies in the 267 
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amino acids identified as differential and some studies even reveal an opposite trend of a 268 

specific metabolite (e.g. alanine, threonine). This might be due to the adoption of different mass 269 

spectrometry-based analytic methods to identify those metabolites and different study design, 270 

especially control groups. Moreover, all cited studies were based on global rather than targeted 271 

metabolomic profiling techniques in which amino acids were only a small proportion of the 272 

investigated substances whereas our study is unique in that it focused purely on SFAA profile. 273 

Notwithstanding different study methods, the results are coherent for histidine and tryptophan 274 

which suggests that their levels are strongly affected by OC development . 275 

 276 

A study by Hilvo et al. (16) additionally compared the results obtained from serum samples 277 

with matching tumor tissue samples and confirmed a linear correlation of diagnostically 278 

relevant biomarkers between serum and tumor tissue. These findings support the hypothesis 279 

that relevant metabolites originate  from the tumor rather than depend on other metabolic 280 

processes in the body. 281 

 282 

The study by Miyagi et al. (21) investigated the ability of amino acid profile-based index to 283 

discriminate OC/borderline tumors from BOT in comparison to CA125 and revealed their 284 

equivalent performance (AUC of ROC of 0.77 for both tests) and better performance of the 285 

amino acid test for discrimination between malignant/borderline malignant lesions and 286 

endometriotic cysts (0.75 vs.0.59). However, the study does not reveal on which amino acids 287 

the index was based and only mentions the detection of increased concentrations of isoleucine 288 

and proline and decreased of histidine and tryptophan in OC reported in earlier phase of the 289 

research (those results were published in Japanese). A decreased level of tryptophan was also 290 

reported in a study based on metabolomic profiling that analyzed a broad spectrum of 535 291 

metabolites (22) – this amino acid was selected as one of the best six biomarkers and was 292 
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suspected to participate in cancer progression (5,22). Another study based on mass 293 

spectrometry performed metabolic profiling of 448 plasma samples comparing patients with 294 

OC with BOT or uterine fibromas patients and identified fifty-three differential metabolites, 295 

among them decreased levels of several amino acids: tryptophan, histidine, phenylalanine and 296 

lysine. Diagnostic models composed of newly selected metabolites were superior in ovarian 297 

tumor differential diagnosis (OC vs BOT) to CA125 (AUC  0.910 vs 0.848) (20) In our study 298 

we also observed an increase in the level of isoleucine (but not proline) and a decrease in 299 

histidine and tryptophan in OC patients.  300 

It is not clear, however, to which extent the studies based on plasma analysis can be compared 301 

with our research in which serum samples were collected. Serum is the liquid fraction of whole 302 

blood obtained after the blood is allowed to clot and centrifuged. Plasma is obtained when 303 

whole blood is collected in tubes treated with an anticoagulant and then centrifuged to remove 304 

blood cells. What may seem surprising, a study comparing amino acid profiles in both types of 305 

blood samples revealed remarkable differences in the PFAA and SFAA profiles (7). In general, 306 

the amino acid concentrations were averagely 40% lower in plasma than in serum, although the 307 

level of variation and the direction of changes varied for each individual amino acid. 308 

Nevertheless, significant differences were observed in both profiles (SFAA and PFAA) 309 

between cancer patients (clear cell renal cancer) and healthy controls and in serum a decreased 310 

level of histidine – the same as in our study –  was identified as the most effective cancer marker 311 

(7).  312 

 313 

Apart from the SFAA profile, in our research two clinically used OC biomarkers, CA125 and 314 

HE4, were additionally analyzed. Their generally high performance in differential diagnosis of 315 

ovarian tumors was also confirmed by our analyses. As expected, their diagnostic accuracy was 316 

lower in detecting early-stage and type I OC. Although all of the analyzed amino acids failed 317 
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to reach a higher AUC than CA125 and HE4, the diagnostic performance of histidine was not 318 

subject to OC stage and type. Moreover, the addition of histidine improved the diagnostic 319 

performance of all presented multivariate models based on CA125 and HE4.  320 

 321 

 322 

Most of the amino acids identified in our research as statistically significant were proved to be 323 

involved in metabolic pathways altered during cancer growth and progression. Tryptophan 324 

depletion triggers apoptosis of effector T cells contributing to the suppression of antitumor 325 

immune responses (23). Considerable evidence indicates that histamine, a derivative of amino 326 

acid histidine, may be a crucial mediator in cancer growth and progression by regulating 327 

processes such as angiogenesis, cell invasion, migration, differentiation, apoptosis and 328 

modulation of immune responses (24). Histidine decarboxylase that converts histidine to 329 

histamine was found to be overexpressed in several cancers, including OC tissue (25). 330 

Glutamine is used by tumors for nucleotide biosynthesis whereas glutamate, its derivative, 331 

serves as a donor of nitrogen for the production of other amino acids. Glutaminase, an enzyme 332 

which converts glutamine to glutamate, was found to be frequently upregulated in cancer cells 333 

(23).  334 

 335 

Among the limitations of this study are the number of patients and the fact that they were all 336 

from a single institute. On the other hand, this ensured the consistency in gathering and 337 

processing the samples. The distribution of histological types of OC consisted of serous (42%), 338 

endometrioid (11%), clear cell (8%), mucinous (3%) and undifferentiated carcinomas (26%), 339 

and the frequency of the last type is much higher than reported in other European countries. 340 

This is probably due to an individual bias of the pathology department and some of these 341 
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cancers could probably have been classified as high-grade serous. In 4 cases (10%) the type 342 

was not identified because the patients were qualified to neoadjuvant chemotherapy and the 343 

diagnosis was obtained after a paracentesis of ascites. The study also excluded other than 344 

epithelial OC (i.e. germ-cell and stromal cancers). However, taking into account their extremely 345 

low incidence (less than 2% of cancers) this factor has very limited clinical impact. Another 346 

potential weakness of the presented research is the possibility of relation between  behavioral 347 

and/or dietary patterns of the patients and alterations in the amino acid profiles (26). To reduce 348 

this potential bias, cachectic patients were excluded from the analysis and the blood samples 349 

were collected after overnight fasting. 350 

 351 

The number of patients in the subgroup analyses (early vs late stage; type I vs type II)  was 352 

especially limited therefore much larger cohorts are needed to verify the utility of the amino 353 

acids indicated in these subgroups as relevant. Nevertheless, since only diagnosis at an early, 354 

asymptomatic stage is likely to have a significantly impact on the clinical outcomes of OC 355 

patients, the subgroup analyses provide important input. The presented study examined the role 356 

of SFAA profiles in differential diagnosis of ovarian tumors and assessed the performance of 357 

several multimarker models for pre-surgical evaluation of ovarian masses. A possible direction 358 

of future research could be the assessment of SFAA profiles in OC screening, before the actual 359 

ovarian tumor is observed in ultrasound examination. 360 

 361 

Conclusions 362 

 363 

This is, to the best of our knowledge, the first study analyzing SFAA profiles in differential 364 

diagnosis of ovarian tumors. SFAA profiles were proved to be significantly altered in OC 365 
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cancer patients as compared to patients with BOT. The results of this study pointed at histidine 366 

that emerges as a possible new OC biomarker. Adding histidine to a multimarker panel together 367 

with CA125 and HE4 may improve the differential diagnosis of ovarian tumors. The results of 368 

subgroup analyses indicate that citrulline may be a potential advanced stage and/or type II OC 369 

biomarker and cystine a potential early stage and/or type I OC biomarker. The findings of this 370 

research may give grounds to the development of more effective novel OC diagnostic methods 371 

that are needed to ensure proper qualification for surgical treatment and to avoid overtreatment 372 

of women with ovarian tumors. Further studies are needed to determine the role of SFAA 373 

alterations in OC and select valuable biomarkers for practical use in the future. 374 

 375 

Methods 376 

The purpose of this case control study was to compare the SFAA profiles between ovarian 377 

cancer patients and patients with benign ovarian tumours, select differentiating amino acids 378 

between the groups and assess their performance in differential diagnosis of ovarian tumours 379 

. Blood samples were collected from 122 patients diagnosed with ovarian tumors and qualified 380 

for surgical treatment in Gynecologic Oncology Department between August 2014 and 381 

December 2015. A written consent to participate in the study was obtained from all patients 382 

prior to sample collection. All blood samples (7.5 mL) were collected using the same type of 383 

vials on the day of the operation after overnight fasting in order to reduce the diet induced 384 

differences. After collection, the samples were incubated for 30 minutes in room temperature 385 

for clotting, then centrifuged for 15 minutes at 4000 rpm at 4˚C. Serum was isolated and stored 386 

at -80°C until analysis. The exclusion criteria were: any other malignancy currently or in 387 

anamnesis, ovarian malignancy other than epithelial OC, previous OC treatment, chronic liver 388 

diseases, diabetes, chronic renal failure and cachexia and were met by 16 patients. Samples 389 
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from 106 patients were included in the final analysis and divided based on the histopathological 390 

result: OC (n=38), borderline ovarian tumors (n=6) and BOT (n=62). In addition, OC group 391 

was divided into type I OC (n=13; borderline tumors were included in this group) and type II 392 

OC (n=31) according to the clinicopathological classification proposed by Kurman (9). 393 

As our study focused on differential diagnosis of ovarian tumors, borderline tumors were 394 

included in all analyses to better reflect the real population and avoid study selection bias. 395 

Taking into account the increasing evidence that low-grade serous carcinomas (type I OC) 396 

develop from borderline tumors and that the pathways and genes involved in their pathogenesis 397 

are distinct from those of high-grade serous carcinomas (type II OC) (9,27), borderline tumors 398 

were added to type I OC group in for statistical analyses.  399 

 400 

Amino acid profiling 401 

In order to measure the SFAA concentrations, the aTRAQ kit for Amino Acid Analysis of 402 

Physiological Fluids (Sciex, Framingham, MA, USA) was used. The kit included all reagents 403 

to perform complete amino acids assay. LC-MS grade methanol was supplied by J.T. Baker 404 

(Griesheim, Germany). Deionized water (18.2 MΩ/cm) was obtained by us using Direct-Q 405 

Merck Millipore (Darmstadt, Germany) water purifying system. 406 

A panel composed of 42 amino acids and biogenic amines (Table 5) was quantitatively 407 

measured in all 106 samples. Out of those, 20 amino acids are encoded in the standard genetic 408 

code and are proteinogenic which means they are used to biosynthesize 409 

proteins during translation; all of these amino acids were included into the final analysis. 410 

Determination of SFAA was carried out on the 4000 QTRAP mass spectrometer (Sciex, 411 

Framingham, MA, USA) coupled with 1260 Infinity high performance liquid chromatograph 412 

(HPLC) (Agilent Technologies, Santa Clara, CA, USA)  system. The analyses were performed 413 

https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Translation_(biology)


20 
 

according to Sciex protocol using the aTRAQ methodology. The method was validated and 414 

described in detail by us earlier (28). The compounds of interest were separated on Sciex C18 415 

(5 µm, 4.6 mm × 150 mm) column maintained at 50°C. The mobile phase consisted of solvent 416 

A – water, and solvent B – methanol, both with addition of 0.1% formic acid and 0.01% 417 

heptafluorobutyric acid. The gradient elution was the following: 0 to 6 min – linear from 2 to 418 

40% mobile phase B; 6 to 10 min – 40% B; 10 to 11 min - linear from 40% to 90% B; 12 to 13 419 

min – linear from 90 to 2% B and 13 to 18 min – 2% B, the flow rate was maintained at 0.8 420 

mL/min. The injection volume was set at 2 µL. The HPLC system was coupled with mass 421 

spectrometer equipped with electrospray ionization interface (ESI ion source). The analyses 422 

were performed in a positive ionization mode. The mass spectrometer was operating in highly 423 

selective scheduled Multiple Reaction Monitoring (sMRM) mode. Data acquisition and 424 

processing were carried out under control of Analyst 1.5.2 software (Sciex). 425 

CA125 and HE4 serum concentrations were quantitatively measured by 426 

electrochemiluminescence immunoassay (ECLIA) on Roche Cobas System (Roche 427 

Diagnostics, Indianapolis, IN, USA) in the Central Hospital Laboratory according to the 428 

manufacturer’s instructions. The standard cut-off values are 35 U/mL for CA125 and 140 429 

pmol/L for HE4, however for the purpose of this study optimal cut-off levels were identified. 430 

 431 

Table 5. List of analyzed amino acids and biogenic amines in serum. 432 

Full name Abbreviation 

1-Methyl-L-histidine   1MHis 

3-Methyl-L-histidine   3MHis 

L- α- Aminoadipic acid  Aad 

L-α-Amino-n-butyric acid  Abu 

L-Alanine  Ala* 

L-Anserine Ans** 

L-Arginine  Arg* 

Argininosuccinic acid Asa** 
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L-Asparagine  Asn* 

L-Aspartic acid  Asp* 

D, L-β-Aminoisobutyric acid  bAib 

β-Alanine  bAla 

L-Carnosine Car** 

L-Citrulline  Cit 

Cystathionine Cth** 

L-Cystine  Cys* 

Ethanolamine  EtN 

γ-Amino-n-butyric acid GABA** 

L-Glutamine  Gln* 

L-Glutamic acid  Glu* 

Glycine  Gly* 

L-Homocitrulline Hci** 

L-Homocystine Hcy** 

L-Histidine  His* 

δ-Hydroxylysine Hyl** 

Hydroxy-L-proline  Hyp 

L-Isoleucine  Ile* 

L-Leucine  Leu* 

L-Lysine  Lys* 

L-Methionine  Met* 

L-Ornithine  Orn 

O-Phosphoethanolamine  PEtN 

L-Phenylanalanine  Phe* 

L-Proline  Pro* 

O-Phospho-L-serine PSer** 

Sarcosine  Sar 

L-Serine  Ser* 

Taurine  Tau 

L-Threonine  Thr* 

L-Tryptophan  Trp* 

L-Tyrosine  Tyr* 

L-Valine  Val* 

*20 basic proteogenic amino acids 

**9 amino acids excluded from final analysis 

 433 

Data analysis 434 

The statistical assessment was carried out using STATISTICA 12.5 (StatSoft Inc., Tulsa, OK, 435 

USA) software and MetaboAnalyst web server (29). Firstly, the normality of distribution of all 436 

data sets was tested using the Shapiro-Wilk test. In case of non-normally distributed variables 437 
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the Mann-Whitney U test was applied to evaluate the differences in SFAA between the OC 438 

group and the benign ovarian tumor group. Conversely, when the data was normally distributed, 439 

Levene’s test was used to evaluate the equality of variances. When variances were equal, the t-440 

test was applied for further statistical assessment, otherwise Welch t-test was used. In all 441 

statistical tests, p-value <0.05 was regarded as significant. In the second step, the univariate 442 

ROC curves were created for each of the analyzed amino acid. Metabolites characterized by the 443 

highest AUC in univariate ROC were selected to perform multivariate ROC curve analyses. 444 

For this purpose, data normalization by sum, logarithm transformation and auto scaling were 445 

carried out. Obtained AUC of ROC curves were compared to assess the discriminatory ability 446 

of the models.  447 

 448 

List of abbreviations 449 

OC – ovarian cancer 450 

CA125 – cancer antigen 125     451 

HE4 – human epididymis protein 4  452 

ROC – receiver operating characteristic 453 

AUC – area under curve 454 

BOT – benign ovarian tumor 455 

PFAA – plasma free amino acids 456 

SFAA – serum free amino acids 457 

LOQ – limit of quantitation 458 

BMI – Body Mass Index 459 

 460 
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