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Abstract: Previous experimental reports have demonstrated that lipoxygenase (LOX) derivatives of arachidonic acid 
(AA), such as hydroxyeicosatetraenoic acids (HETEs), may be of significance in the pathogenesis of pancreatic can-
cer. However, these observations have not been confirmed in clinical studies. In the current study, we comprehen-
sively evaluated the systemic levels of selected LOX-derived HETEs such as 5-, 12- and 15-HETE in patients with 
pancreatic adenocarcinoma (n=36), chronic pancreatitis (n=39), and in healthy individuals (n=35). Compared to 
healthy individuals, patients with pancreatic adenocarcinoma showed 3-8-fold higher levels of 5-, 12- and 15-HETE 
(at least P<0.003). Similar results were observed in patients with chronic pancreatitis, who had elevated concen-
trations of all examined HETE acids compared to healthy volunteers (in all cases at least P<0.03). Interestingly, 
the levels of the examined HETEs were not significantly associated with the TNM stage of pancreatic cancer in our 
patients. Finally, analyses of receiver operating characteristic curves demonstrated that all HETEs examined had 
relatively low area under the curve values for discriminating pancreatic adenocarcinoma from non-cancerous condi-
tions (0.49-0.61; P>0.05 in each case). Our study provides first preliminary clinical evidence for the significance of 
the examined HETEs in the clinical pathogenesis of pancreatic cancer and other pancreatic diseases in humans. 
Moreover, our data demonstrate that the HETEs examined here do not show sufficient clinical potential to be used 
as independent (bio)markers for differentiating pancreatic adenocarcinoma from other non-cancerous conditions 
in humans.
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Introduction

Pancreatic adenocarcinoma remains one of the 
most fatal cancers in humans. Despite sub-
stantial progress that has been made in under-
standing the molecular pathology of this malig-
nancy, the overall prognosis of patients affected 
by this disease remains very poor and has not 
improved within the last 40 years. Fortunately, 
due to multiple multi-center studies, it became 
possible to assess the significance of certain 
risk factors for this malignancy, which include 
an elderly age, male gender, smoking, obesity, 
and various pancreatic disorders. Unfortunate- 
ly, however, this has not translated into any 
effective therapeutics or preventive approach-
es, which is due to several factors. For exam-
ple, the molecular pathology of pancreatic ade-

nocarcinoma is very complex and despite in- 
tensive studies performed in the last 40 years, 
it is still is not fully understood, with multiple 
unknown pathways being responsible for the 
development, systemic spread, and survival of 
pancreatic cancer cells [1-9].

During the last few years, it became apparent 
that metabolic reprogramming and altered  
signaling of (bio)active lipids are hallmarks of  
cancer [10-13]. Arachidonic acid (AA), a polyun-
saturated fatty acid that is a major component 
of phospholipids forming cellular membranes, 
is a precursor of multiple (bio)active lipids. Its 
active metabolites, termed eicosanoids, have 
been implicated in the pathogenesis of multi- 
ple human diseases including various cancers 
[14-18]. From a biochemical standpoint, upon 
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liberation from membrane phospholipids AA  
may be metabolized via three major pathways 
to various eicosanoids-either via cytochrome 
P450, cyclooxygenase, or lipoxygenase (LOX). 
Data from multiple experimental studies indi-
cate that mainly LOX-derived AA metabolites 
(lipoxins, leukotrienes and/or various hydroxye-
icosatetraenoic acids [HETEs]) appear to be of 
major importance in carcinogenesis [18-20]. 
Over the years, several investigators have 
shown that in patients with prostate, ovarian, 
blood, cervical, renal, and lung cancers, the 
systemic and/or tissue-expression levels of 
LOX and LOX-derived HETEs may be increased 
by up to 10-fold [21-26]. Furthermore, abnor-
mal levels of 5-, 12- and 15-HETE were also 
found in malignant peritoneal and pleural effu-
sions derived from patients with cancers [22, 
27]. Unfortunately, the exact impact of these 
alterations of systemic HETE levels on carcino-
genesis in humans is not fully characterized. 
However, various investigators have demon-
strated that inhibiting 5-LOX activity significant-
ly reduced the number of (prostate) tumors in 
experimental animals, which strongly indicates 
that LOX and LOX-derived HETEs may be impor-
tant in the formation of solid tumors [28].

LOX-derived HETEs may also contribute to the 
development, progression, and/or survival of 
pancreatic adenocarcinoma [28], although this 
possibility is not yet supported by experimental 
or clinical studies. Thus, we compared the 
peripheral levels of HETEs in healthy individu-
als and patients with either pancreatic cancer 
or other pancreatic diseases (chronic pancre-
atitis). We hypothesized that LOX-derived 5-, 

12- and 15-HETE are involved in the pathogen-
esis of pancreatic cancer in humans and that 
their systemic levels are associated with the 
clinical stage of this disease. Moreover, we 
wanted to (at least preliminarily) verify whether 
systemic HETE levels could potentially be used 
as novel (bio)markers for pancreatic cancer in 
humans.

Materials and methods

Participants and clinical evaluation

For this study, 110 individuals in generally good 
and stable health were included. All patients 
recruited for this study were hospitalized in  
the Department of Gastroenterology of the 
Pomeranian Medical University in Szczecin, 
Poland. These individuals were assigned to  
the following groups: 1) the “cancer” group, 
comprised of 36 patients with newly diagnosed 
pancreatic adenocarcinoma; 2) the “other” 
group, consisting of 39 patients diagnosed with 
chronic pancreatitis; 3) the “control” group of 
35 generally healthy volunteers.

As in our previous studies [29-32], the defini-
tive diagnosis of pancreatic adenocarcinoma 
was based on biopsy specimen analysis. To 
perform disease staging, all patients under-
went abdominal ultrasonography, computed 
tomography, and/or endoscopic ultrasonogra-
phy, as well as chest x-ray examinations. Among 
patients with pancreatic adenocarcinoma, 11 
patients qualified for surgical removal of the 
pancreatic tumor (stage I or II according to the 
tumor-node metastasis [TNM] classification), 8 
patients presented with inoperable, locally 

Table 1. General characteristics of analyzed patients and healthy individuals enrolled in the study 
(data presented as means ± SD or median [interquartile range])
Parameters Control Cancer Other
Age (years) 61 ± 7 63 ± 11 60 ± 5
Gender (M-men/W-women) 13-M/22-W 15-M/21-W 18-M/21-F
BMI (kg/m2) 24.38 ± 3.89 22.27 ± 7.16 24.81 ± 3.11
RBC (×1012 cells/L) 4.72 ± 0.56 4.26 ± 0.68 4.37 ± 0.64
Hb (g/dL) 13.47 ± 1.68 12.50 ± 1.97 13.11 ± 2.20
Platelets count (×109 cells/L) 227 ± 60 269 ± 130 291 ± 137
WBC count (×109 cells/L) 6.82 ± 1.65 8.60 ± 3.26 8.77 ± 3.94
CRP (mg/L) 3.12 ± 1.64 28.31 [4.80; 76.40]*,# 3.00 [1.85; 7.00]
CA19.9 (U/mL) 11.33 ± 5.77 487.36 [94.78; 1591.22]*,# 11.48 [3.73; 21.44]*

BMI-body mass index, RBC-red blood cells, Hb-hemoglobin, WBC-white blood cells, CRP-C-reactive protein. *P<0.05 (vs “con-
trol” group), #P<0.05 (vs “other” group).
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advanced disease (stage III), and 17 patients 
had distal metastases to other solid organs 
(stage IV). Patients with chronic pancreatitis 
also underwent a comprehensive clinical ev- 
aluation that included biochemical blood te- 
sts, together with endoscopic ultrasonography. 
At the time of their inclusion in the study, no- 
ne of the patients was being treated with che-
motherapy, had received any cytotoxic agents 
or drugs within the previous 12 months, or  
presented any clinical signs of an active infec-
tious disease. The general characteristics of 
the individuals enrolled in the study, together 
with a statistical comparison of these features 
between the examined groups, are presented 
in Table 1.

From all recruited individuals peripheral blood 
samples (8-10 mL) were collected. These were 
processed immediately according to standard 
laboratory protocols, and plasma was separat-
ed, frozen, and stored at -80°C until further 
assessment. 

Systemic levels of LOX-derived HETEs

The systemic concentrations of LOX-derived 
HETEs (5-HETE, 12-HETE and 15-HETE) were 
measured using commercially available, high-

tween parametric and non-parametric vari-
ables we used Pearson’s or Spearman’s corre-
lation rank tests (respectively). In addition, we 
performed a multivariate regression analyses 
with use of a stepwise selection method. In 
order to exclude eventual presence of any 
residual confounding we entered individually 
the variables that initially were excluded from 
the constructed model. Finally, we constructed 
the ROC curves and calculated the AUCs values 
for all HETEs examined here as eventual diag-
nostic substances for pancreatic cancer in 
humans. These statistical analyses were exe-
cuted with use of SPSS software and P<0.05 
values were considered as significant.

The Ethics Committee of the Pomeranian 
Medical University approved this study. Writ- 
ten informed consent was obtained from all 
participants.

Results

Analysis of recruited participants

Comparison of the evaluated groups of includ-
ed individuals revealed significantly higher 
CA19-9 levels in patients with pancreatic ade-
nocarcinoma than in all other groups of patients 

Figure 1. Levels of the examined hydroxyeicosatetraenoic acids in patients 
with pancreatic cancer, other pancreatic diseases and healthy individuals 
together with their statistical comparison (values presented as means ± 
standard deviation in ng/mL). HETE-hydroxyeicosatetraenoic acid, p-level of 
significance. *P<0.03 and **P<0.001 (vs “control” group), #P<0.00001 (vs 
“cancer” group).

sensitivity ELISA kits (Wuhan 
EIAab Science Co, Ltd., China) 
according to the manufactur-
er instructions. 

Statistical methods

Analogically as in our previo- 
us studies [33-36] received 
results were subjected to 
comprehensive statistical an- 
alysis. The distribution of the 
variables was verified using 
the Shapiro-Wilk test. Con- 
tinuous variables that were 
not normally distributed were 
subjected to log transforma-
tion. After verification of the 
normality of the distribution, 
mean values of examined 
parameters between appro-
priate groups were compared 
using Student’s t-test (para-
metric variables) or Mann-
Whitney U-test (non-para- 
metric variables). In order to 
calculate the correlations be- 
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(Table 1). Furthermore, cancer patients had 
significantly higher C-reactive protein levels 
than control individuals and subjects diag-
nosed with other types of pancreatic diseases 
(Table 1). 

Comparison of systemic levels of examined 
LOX-derived HETEs in patients with pancre-
atic cancer, chronic pancreatitis, and control 
volunteers

The mean systemic concentrations of exam-
ined 5-, 12- and 15-HETEs in patients with pan-
creatic adenocarcinoma, chronic pancreatitis 
and healthy volunteers are depicted in Figure 
1. We found that levels of all of the examined 
HETEs are significantly higher in patients with 
pancreatic cancer than in healthy individuals. 
Similar results were received when we per-

LOX-derived HETEs and the clinical staging of 
pancreatic adenocarcinoma in our patients. 
Using analyses of correlations we found that 
levels of the examined eicosanoids were not 
significantly associated with staging of the  
pancreatic cancer established according to  
the international TNM classification (r=-0.8  
for 5-HETE; r=0.6 for 12-HETE; and r=-0.5  
for 15-HETE, in all cases P>0.65). Similar 
results were received in multivariate regres- 
sion analyses (Table 2). Moreover, we divided 
the pancreatic “cancer” group into two sub-
groups depending on the TNM staging and 
found that the systemic levels of all examined 
HETEs were statistically comparable between 
patients with TNM I-II stage of pancreatic can-
cer and those diagnosed with more advanced 
disease evaluated as TNM III-IV (depicted on 
Figure 2).

Table 2. Analysis of associations between levels of examined HETEs and clinical presentation of pan-
creatic cancer in patients (modelling using multivariate regression analysis)
Dependent variable Independent variable β P of the variable R2 P of the model
TNM Staging* 5-HETE 0.01 0.96 0.01 0.96

12-HETE 0.04 0.82 0.02 0.82
15-HETE -0.02 0.89 0.02 0.89

Β-standardized coefficient in the regression equation, p-level of significance, HETE-hydroxyeicosatetraenoic acid, *variable was 
created by assigning 1, 2, 3 or 4 value to appropriate TNM stage detected in patients with pancreatic cancer.

Figure 2. Levels of examined hydroxyeicosatetraenoic acids in patients with 
pancreatic cancer subdivided according to the TNM staging and healthy 
individuals together with their statistical comparison (values presented as 
means ± standard deviation in ng/mL). HETE-hydroxyeicosatetraenoic acid, 
p-level of significance. *P<0.005 and **P<0.001 (vs “control” group).

formed comparison of mean 
5-, 12- and 15-HETE levels 
between healthy controls and 
patients with other than car- 
cinoma types of pancreatic 
diseases (Figure 1). We obse- 
rved no significant differenc-
es in 5- and 12-HETEs levels 
between cancer patients and 
individuals with chronic pan-
creatitis (P=0.45 and P=0.11, 
respectively). However, mean 
concentrations of 15-HETE 
were significantly higher in the 
“other” group than in patients 
with pancreatic cancer (Figure 
1).

Analysis of associations 
between examined HETEs 
values and clinical staging of 
pancreatic cancer

Furthermore, we verified po- 
tential associations between 
systemic levels of examined 
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HETEs as eventual (bio)markers of pancreatic 
adenocarcinoma

Finally, after noting such differences in the lev-
els of LOX-derived HETEs between the exam-
ined groups of patients and healthy individu- 
als, we decided to (at least preliminarily) verify 
the potential diagnostic value of these eico-
sanoids for the detection/differentiation of 
pancreatic adenocarcinoma in humans. To 
determine whether systemic levels of examined 
HETEs could serve as novel makers of pancre-
atic cancer, we constructed ROC curves, and 
calculated the approximate AUC values to 
assess the suitability of these eicosanoids as 
diagnostic markers for pancreatic adenocarci-
noma. This analysis demonstrated that 12- 
HETE levels were almost reaching statistical 
significance to be potentially considered a 
promising (bio)marker of pancreatic adenocar-
cinoma in our patients (Figure 3). However, 5- 
and 15-HETE did not possess any potential to 
be considered as markers of pancreatic malig-
nancy in humans.

Discussion

Active metabolites of AA generated via the LOX 
pathway are well known as vital players in  
the pathogenesis of multiple diseases, ranging 
from cardiovascular diseases through endo-
crine or metabolic abnormalities. Additionally, 
growing evidence demonstrates that the activi-
ties of various LOX derivatives, such as HETEs, 
may also be of great significance in the devel-
opment, progression, and systemic spread of 
both hematological and solid organ cancers. 
However, little is known regarding this matter in 
the context of pancreatic cancer, as studies 
focusing on AA metabolites in patients with this 
disease are scarce. Thus, we examined a broad 
panel of HETEs in patients with pancreatic ade-
nocarcinoma and other pancreatic diseases.

In our study, we found that systemic levels of  
all examined HETEs were significantly higher 
(approximately 3-8-fold) in patients with pan-
creatic adenocarcinoma than in healthy indi-
viduals. Therefore, our results are in agreement 

Figure 3. Receiver operating characteristics (ROC) 
curves of hydroxyeicosatetraenoic acids as indica-
tors of pancreatic cancer. Calculated sensitivity (y-
axis) is plotted against 1-specificity formula (x-axis) 
for examined hydroxyeicosatetraenoic acids, that is 
(A) 5-HETE and (B) 12-HETE as indicators of pancre-
atic cancer, as well as (C) 15-HETE as an exclusion 
marker of cancerous lesions. HETE-hydroxyeicosa-
tetraenoic acid, AUC-area under ROC curve, p-level 
of significance.
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with and support the results of previous ex- 
perimental studies demonstrating that higher 
expression of various LOX forms occurs in the 
in vitro and in vivo settings of pancreatic adeno-
carcinoma [37-39]. This phenomenon was 
observed at both the systemic and tissue levels 
(i.e., within circulating pancreatic cancer cells 
and in the pancreatic cancer micro-environ-
ment). The results of this study “translate” 
these previously reported results as here we 
demonstrated that, in a clinical setting, pati- 
ents with pancreatic adenocarcinoma showed 
an imbalance in circulating LOX-derived 5-, 12- 
and 15-HETE levels. From molecular and bio-
chemical standpoints, such elevated levels of 
HETEs may be crucial factors enabling develop-
ing tumors to survive, progress, and spread 
systemically. For example, findings by Ding and 
colleagues [40] demonstrated that 5-HETE 
alone stimulates the proliferation of pancrea- 
tic cancer cells via several independent molec-
ular mechanisms, including the MEK/ERK and 
PI3 kinase/AKT pathways. Furthermore, 12- 
HETE is also a very “powerful” mitogen that 
strongly influences the proliferation of pancre-
atic cancer cells via intracellular kinases and 
promotes metastasis by supporting tumor cell 
interactions with the extracellular matrix, pro-
moting their adhesion, spreading, and motility 
[41]. Experimental applications of various LOX 
inhibitors markedly inhibit pancreatic cancer 
cell proliferation in concentration- and time-
dependent manners [42, 43]. Although these 
results have not been tested and/or confirmed 
in a clinical setting, when combined with the 
results of our study, these observations collec-
tively suggest the importance of continuing this 
line of research and verifying the impact of LOX 
inhibitors in the (experimental) treatment of 
patients with pancreatic adenocarcinoma, 
especially given that various medications that 
inhibit LOX activity are commonly available and 
used to treat other medical conditions.

Importantly, elevated systemic HETE levels 
were not significantly associated with the clini-
cal TNM stage of pancreatic malignancies. In 
some reports, however, certain investigators 
were positioning that HETEs levels were tightly 
linked to various classifications used for 
description of clinical/pathological presenta-
tion (such as tumor grading or proliferation) 
[44]. Our study is the first to be performed in 
patients with pancreatic cancer and the results 
presented here demonstrated that significantly 

increased HETE levels are present in patients 
with pancreatic cancer diagnosed at both early 
(TNM I-II) and more advanced stages (TNM III-
IV). These data suggest that the activities of 
HETEs and/or LOX seem(s) to be of significance 
during all stages of pancreatic cancer develop-
ment/progression in humans.

Finally, our results revealed that the systemic 
levels of HETEs are not specific enough for use 
in independent and definitive diagnosis of pan-
creatic adenocarcinoma, since increased 5-, 
12- and 15-HETE levels were also observed  
in patients with chronic pancreatitis. These 
results agree with the study by Stevens and col-
leagues [45], who demonstrated that patients 
with chronic pancreatitis had increased levels 
of certain HETEs and other oxidized fatty acids 
in both serum and pancreatic fluid. In their 
study, the levels of test substances correlated 
with the severity of pancreatitis, and the au- 
thors suggested them as potential (bio)mark-
ers for chronic pancreatitis. Our present results 
revealed that in fact HETE levels cannot be 
regarded as (bio)markers of either chronic pan-
creatitis or pancreatic cancer because in both 
conditions, the systemic concentrations of the 
examined HETEs increased in humans. Our 
observations indirectly support the results of 
previous studies, which demonstrated the lim-
ited diagnostic potential of HETEs in detecting 
or differentiating cancers of other solid organs 
(i.e., lung or prostate cancer) from non-cancer-
ous tissues. While some data suggest that 
HETEs may be considered (bio)markers of cer-
tain types of neoplasms, we contend that such 
a conclusion depends on the profile of the ref-
erence group recruited for the analysis. In our 
study, we applied a much stricter clinical proto-
col to test the diagnostic potential of HETEs as 
markers of pancreatic adenocarcinoma than 
did other groups of researchers who examined 
this matter in the context of other tumors. For 
example, in our protocol, the reference group 
(which should be negative for the markers of 
interest) contained both healthy individuals 
and patients with other pancreatic diseases. 
Such a mix of patients represents an important 
and oftentimes challenging clinical dilemma 
that needs a precise answer and requires bio-
chemical marker(s) to be very specific and sen-
sitive. According to our results, in the context of 
pancreatic adenocarcinoma, the HETEs exam-
ined here do not possess sufficient differen- 
tiating potential to be considered as such (bio)
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markers of this malignancy in humans. Ne- 
vertheless, our results are based on a single-
center study and need to be confirmed in fur-
ther (preferably multi-center) studies.

In summary, our study provides the first preli- 
minary translational evidence for the signifi-
cance of LOX-derived HETEs in the pathoge- 
nesis of pancreatic adenocarcinoma in hu- 
mans. We also demonstrated that the HETEs 
examined here do not possess sufficient diag-
nostic potential to serve as independent (bio)
markers of human pancreatic cancer, as such 
abnormal levels are also present in patients 
with other pancreatic diseases.

Acknowledgements

The authors declare that they have any compet-
ing financial, personal nor any other private 
interests that might be perceived to influence 
the content reported in this paper.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Wojciech Blogo- 
wski, Department of Internal Medicine, University of 
Zielona Gora, Energetyków 2, 65-729 Zielona Gora, 
Poland. Tel: (+48) 68 328 73 01; Fax: (+48) 68 328 
73 01; E-mail: drannab@wp.pl

References

[1] Yadav D, Lowenfels AB. The epidemiology of 
pancreatitis and pancreatic cancer. Gastroen-
terology 2013; 144: 1252-1261.

[2] Ilic M, Ilic I. Epidemiology of pancreatic cancer. 
World J Gastroenterol 2016; 22: 9694-9705.

[3] Iadeluca L, Mardekian J, Chander P, Hopps M, 
Makinson GT. The burden of selected cancers 
in the US: health behaviors and health care re-
source utilization. Cancer Manag Res 2017; 9: 
721-730.

[4] Kirkegard J, Mortensen FV, Cronin-Fenton D. 
Chronic pancreatitis and pancreatic cancer 
risk: a systematic review and meta-analysis. 
Am J Gastroenterol 2017; 112: 1366-1372.

[5] Sohal DPS, Willingham FF, Falconi M, Raphael 
KL, Crippa S. Pancreatic adenocarcinoma: im-
proving prevention and survivorship. Am Soc 
Clin Oncol Educ Book 2017; 37: 301-310.

[6] Zhou B, Xu JW, Cheng YG, Gao JY, Hu SY, Wang 
L, Zhan HX. Early detection of pancreatic can-
cer: where are we now and where are we go-
ing? Int J Cancer 2017; 141: 231-241.

[7] Khan MA, Azim S, Zubair H, Bhardwaj A, Patel 
GK, Khushman M, Singh S, Singh AP. Molecu-

lar drivers of pancreatic cancer pathogenesis: 
looking inward to move forward. Int J Mol Sci 
2017; 18: E779.

[8] Blogowski W, Bodnarczuk T, Starzynska T. Pan-
creatic cancer and bone marrow-derived stem 
cells. Stem Cells Transl Med 2016; 5: 938-
945.

[9] Ma Y, Wu Q, Li X, Gu X, Xu J, Yang J. Pancreatic 
cancer: from bench to bedside. Ann Transl 
Med 2016; 4: 458.

[10] Hannun YA, Obeid LM. Sphingolipids and their 
metabolism in physiology and disease. Nat 
Rev Mol Cell Biol 2018; 19: 175-191.

[11] Ogretmen B. Sphingolipid metabolism in can-
cer signalling and therapy. Nat Rev Cancer 
2018; 18: 33-50.

[12] Huang C, Freter C. Lipid metabolism, apoptosis 
and cancer therapy. Int J Mol Sci 2015; 16: 
924-949.

[13] Garcia-Ruiz C, Morales A, Fernandez-Checa JC. 
Glycosphingolipids and cell death: one aim, 
many ways. Apoptosis 2015; 20: 607-620.

[14] Elshenawy OH, Shoieb SM, Mohamed A, El-
Kadi AO. Clinical Implications of 20-Hydroxye-
icosatetraenoic acid in the kidney, liver, lung 
and brain: an emerging therapeutic target. 
Pharmaceutics 2017; 9: E9.

[15] Richard C, Lewis ED, Field CJ. Evidence for the 
essentiality of arachidonic and docosahexae-
noic acid in the postnatal maternal and infant 
diet for the development of the infant’s im-
mune system early in life. Appl Physiol Nutr 
Metab 2016; 41: 461-475.

[16] Stitham J, Hwa J. Prostacyclin, atherothrombo-
sis and diabetes mellitus: physiologic and clini-
cal considerations. Curr Mol Med 2016; 16: 
328-342.

[17] Tapiero H, Ba GN, Couvreur P, Tew KD. Polyun-
saturated fatty acids (PUFA) and eicosanoids 
in human health and pathologies. Biomed 
Pharmacother 2002; 56: 215-222.

[18] Greene ER, Huang S, Serhan CN, Panigrahy D. 
Regulation of inflammation in cancer by eico-
sanoids. Prostaglandins Other Lipid Mediat 
2011; 96: 27-36.

[19] Moore GY, Pidgeon GP. Cross-talk between 
cancer cells and the tumour microenviron-
ment: the role of the 5-lipoxygenase pathway. 
Int J Mol Sci 2017; 18: E236.

[20] Tuncer S, Banerjee S. Eicosanoid pathway in 
colorectal cancer: recent updates. World J 
Gastroenterol 2015; 21: 11748-11766.

[21] Gupta S, Srivastava M, Ahmad N, Sakamoto K, 
Bostwick DG, Mukhtar H. Lipoxygenase-5 is 
overexpressed in prostate adenocarcinoma. 
Cancer 2001; 91: 737-743.

[22] Freedman RS, Wang E, Voiculescu S, Patenia 
R, Bassett RL Jr, Deavers M, Marincola FM, 
Yang P, Newman RA. Comparative analysis of 
peritoneum and tumor eicosanoids and path-

mailto:drannab@wp.pl


HETEs in pancreatic cancer

1872 Am J Cancer Res 2018;8(9):1865-1872

ways in advanced ovarian cancer. Clin Cancer 
Res 2007; 13: 5736-5744.

[23] Vincent C, Fiancette R, Donnard M, Bordes-
soule D, Turlure P, Trimoreau F, Denizot Y. 
5-LOX, 12-LOX and 15-LOX in immature forms 
of human leukemic blasts. Leuk Res 2008; 32: 
1756-1762.

[24] Nigam S, Kumar GS, Sutherland M, Schewe T, 
Ikawa H, Yamasaki Y, Ueda N, Yamamoto S. 
Metabolic suppression of platelet-type 12-li-
poxygenase in human uterine cervix with inva-
sive carcinoma. Int J Cancer 1999; 82: 827-
831.

[25] Neri Serneri GG, Abbate R, Gensini GF, Gensini 
GF, Panetta A, Casolo GC, Costantini A, Carini 
M, Selli C. Altered 1-14C arachidonic acid me-
tabolism in arterial wall from patients with re-
nal cell carcinoma. J Urol 1986; 135: 1071-
1074.

[26] Liu J, Mazzone PJ, Cata JP, Kurz A, Bauer M, 
Mascha EJ, Sessler DI. Serum free fatty acid 
biomarkers of lung cancer. Chest 2014; 146: 
670-679.

[27] Valone FH. Quantitation of arachidonic acid li-
poxygenase products in malignant and nonma-
lignant effusions. Cancer Res 1983; 43: 5695-
5698.

[28] Meng Z, Cao R, Yang Z, Liu T, Wang Y, Wang X. 
Inhibitor of 5-lipoxygenase, zileuton, suppress-
es prostate cancer metastasis by upregulating 
E-cadherin and paxillin. Urology 2013; 82: 
1452, e7-14.

[29] Starzynska T, Dąbkowski K, Błogowski W,  
Zuba-Surma E, Budkowska M, Sałata D, 
Dołęgowska B, Marlicz W, Lubikowski J, Ratajc-
zak MZ. An intensified systemic trafficking of 
bone marrow-derived stem/progenitor cells  
in patients with pancreatic cancer. J Cell Mol 
Med 2013; 17: 792-799.

[30] Blogowski W, Deskur A, Budkowska M, Sałata 
D, Madej-Michniewicz A, Dąbkowski K, Dołę- 
gowska B, Starzyńska T. Selected cytokines in 
patients with pancreatic cancer: a preliminary 
report. PLoS One 2014; 9: e97613.

[31] Deskur A, Sałata D, Budkowska M, Dołęgowska 
B, Starzyńska T, Błogowski W. Selected hemo-
static parameters in patients with pancreatic 
tumors. Am J Transl Res 2014; 6: 768-776.

[32] Blogowski W, Dolegowska K, Deskur A, Do-
legowska B, Starzynska T. An attempt to evalu-
ate selected aspects of “bone-fat axis” func-
tion in healthy individuals and patients with 
pancreatic cancer. Medicine (Baltimore) 2015; 
94: e1303.

[33] Madej-Michniewicz A, Budkowska M, Sałata D, 
Dołęgowska B, Starzyńska T, Błogowski W. 
Evaluation of selected interleukins in patients 
with different gastric neoplasms: a preliminary 
report. Sci Rep 2015; 5: 14382.

[34] Dolegowska B, Blogowski W, Safranow K, 
Domanski L, Jakubowska K, Olszewska M. Li-
poxygenase-derived hydroxyeicosatetraenoic 
acids--novel perioperative markers of early 
post-transplant allograft function? Nephrol 
Dial Transplant 2010; 25: 4061-4067.

[35] Blogowski W, Madej-Michniewicz A, Marczuk 
N, Dolegowska B, Starzynska T. Interleukins 17 
and 23 in patients with gastric neoplasms. Sci 
Rep 2016; 6: 37451.

[36] Dolegowska B, Blogowski W, Domanski L. Dy-
namics of thromboxane level changes during 
early phase of allograft reperfusion. Clin Trans-
plant 2009; 23: 716-722.

[37] Knab LM, Grippo PJ, Bentrem DJ. Involvement 
of eicosanoids in the pathogenesis of pancre-
atic cancer: the roles of cyclooxygenase-2 and 
5-lipoxygenase. World J Gastroenterol 2014; 
20: 10729-10739.

[38] Zhou GX, Ding XL, Wu SB, Zhang HF, Cao W, Qu 
LS, Zhang H. Inhibition of 5-lipoxygenase trig-
gers apoptosis in pancreatic cancer cells. On-
col Rep 2015; 33: 661-668.

[39] Hennig R, Ding XZ, Tong WG, Schneider MB, 
Standop J, Friess H, Büchler MW, Pour PM, 
Adrian TE. 5-Lipoxygenase and leukotriene 
B(4) receptor are expressed in human pancre-
atic cancers but not in pancreatic ducts in nor-
mal tissue. Am J Pathol 2002; 161: 421-428.

[40] Ding XZ, Tong WG, Adrian TE. Multiple signal 
pathways are involved in the mitogenic effect 
of 5(S)-HETE in human pancreatic cancer. On-
cology 2003; 65: 285-294.

[41] Ding XZ, Tong WG, Adrian TE. 12-lipoxygenase 
metabolite 12(S)-HETE stimulates human pan-
creatic cancer cell proliferation via protein tyro-
sine phosphorylation and ERK activation. Int J 
Cancer 2001; 94: 630-636.

[42] Ding XZ, Kuszynski CA, El-Metwally TH, Adrian 
TE. Lipoxygenase inhibition induced apoptosis, 
morphological changes, and carbonic anhy-
drase expression in human pancreatic cancer 
cells. Biochem Biophys Res Commun 1999; 
266: 392-399.

[43] Ding XZ, Iversen P, Cluck MW, Knezetic JA, Adri-
an TE. Lipoxygenase inhibitors abolish prolifer-
ation of human pancreatic cancer cells.  
Biochem Biophys Res Commun 1999; 261: 
218-223.

[44] Gonzalez AL, Roberts RL, Massion PP, Olson 
SJ, Shyr Y, Shappell SB. 15-Lipoxygenase-2 ex-
pression in benign and neoplastic lung: an im-
munohistochemical study and correlation with 
tumor grade and proliferation. Hum Pathol 
2004; 35: 840-849.

[45] Stevens T, Berk MP, Lopez R, Chung YM, Zhang 
R, Parsi MA, Bronner MP, Feldstein AE. Lipido-
mic profiling of serum and pancreatic fluid in 
chronic pancreatitis. Pancreas 2012; 41: 518-
522.


