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Abnormal metabolism of fatty acids (FA) is considered to play a role in human cancers, including esophageal
cancer (EC). Nevertheless, there have been only a few studies dealing with the influence of the chemotherapy
or radiotherapy on the plasma FA profiles. In this work we compared FA in plasma phosphatidylcholine (PC) of
the patients with squamous EC and healthy subjects and investigated changes in the FA spectrum during neo-
adjuvant chemoradiotherapy (CRT).

Forty-two men with squamous EC were compared with age-matched healthy controls. The EC group was sub-
jected to concurrent neoadjuvant CRT. We analyzed FA in plasma PC before and after CRT.

The EC group was characterized by increased levels of both saturated and monounsaturated FA, associated
with an increased index of SCD1 (stearoyl-CoA desaturase-1). Moreover, decreased levels of linoleic acid and
total polyunsaturated FA (PUFA) n-6 were found in EC patients. The CRT was accompanied by increased doco-
sahexaenoic acid and total PUFA n-3 content in plasma PC, concurrently with the decrease of estimated activ-
ity of SCD1.

We found that patients with EC had altered FA profile in plasma PC, which could be related to abnormal FA me-
tabolism in cancer (e.g., altered synthesis de novo, B-oxidation, desaturation, and elongation). The described
changes in FA profiles during CRT could be involved in favorable functioning of CRT. Further studies investigat-
ing the plasma FA compositions and their changes due to CRT in EC patients are warranted.

Chemoradiotherapy ¢ Esophageal Neoplasms e Fatty Acids e Phosphatidylcholines ¢
Stearoyl-CoA Desaturase
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Background

Esophageal cancer rates have risen dramatically in recent de-
cades. Worldwide, esophageal cancer is the eighth most com-
mon malignancy and the sixth most common cause of can-
cer-related death; chance for long-term survival is only about
10% [1]. In the Czech Republic, the yearly incidence of esoph-
ageal cancer is about 550 cases [2]. Several risk factors of
esophageal carcinoma have been recognized; alcohol drink-
ing, smoking, and the temperature of ingested fluids play a
main role in squamous cell esophageal cancer (SCEC), while
reflux esophagitis in the case of esophageal adenocarcinoma
(EAC) [3]. The indices of nutritional status may influence risk
of development and prognosis of esophageal cancer [4,5]. The
role of fats in SCEC and EAC remains controversial [2,6,7-9].
Fatty acid composition in various lipid classes may serve as
an epidemiological tool to examine the association of dietary
patterns and the development of pathological states such as
esophageal cancer. FA profiles in cholesteryl esters, total phos-
pholipids, and phosphatidylcholines reflect not only FA di-
etary intake, but also synthesis of saturated FA, their desatu-
ration and elongation, and both enzymatic (B-oxidation) and
non-enzymatic (lipoperoxidation) degradation [10]. In malig-
nant states, the metabolism of FA is significantly changed (for
review see [11]) towards increased de novo synthesis, elon-
gation, and desaturation processes. Higher turnover of fat-
ty acid chains also has a profound effect on levels of dietary
long-chain polyunsaturated fatty acids (PUFA), which are im-
portant precursors of many compounds with anti-cancer ef-
fects. Interestingly, exogenous PUFA may be associated with
prevention of some cancers [12]. Data on serum FA compo-
sition in esophageal cancer are very scarce. A small study in
22 patients with esophageal cancer found decreased levels
of linoleic acid (LA) and increased of levels of palmitic acid
(PA) in plasma phospholipids in comparison with healthy sub-
jects [13]. In a metabolomic study using high-performance lig-
uid chromatography-mass spectrometry (LC-MS) methods, plas-
ma myristic, linolenic acid, and linoleic acid were lower in EAC
patients compared to healthy controls [14]. A recent work by
Guo et al. (2014) found activation of de novo lipogenesis in 6
different types of cancer (breast, lung, colorectal, esophageal,
gastric, and thyroid cancer) [15]. Increased lipogenesis de novo
is accompanied by increased activity of stearoyl-CoA desatu-
rase-1 (SCD-1), which catalyzes desaturation of palmitic acid
(16: 0) to palmitoleic acid (16: 1 n-7) and stearic acid (18: 0) to
oleic acid (18: 1 n-9). Higher content of monounsaturated fat-
ty acid (FA) in membranes of cancer cells significantly affects
membrane dynamics and modulates the uptake and efficacy
of chemotherapeutics [16]. Only a few studies have investigat-
ed the influence of cancer chemotherapy or radiotherapy on
the plasma FA profiles, with inconsistent results [17-19]. The
aim of the present study was to compare the spectrum of FA
in plasma PC (which accounts for most plasma phospholipids)
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in esophageal cancer patients with that of healthy subjects.
Recent studies have shown that adverse metabolism of phos-
phatidylcholines can play a role in pathogenesis of different
cancers [20,21]. The secondary aim was to investigate the
changes in FA spectrum during neoadjuvant CRT.

Material and Methods

Subjects

Forty-two men (mean age of 58.0+7.4 years; mean +SD) with
squamous cell esophageal cancer (EC group) were investi-
gated and compared with a control group consisting of 42
age-matched healthy control subjects. After signing informed
consent, the cancer patients were subjected to a multimodal
regimen of concurrent neoadjuvant CRT followed by surgery.
Patients had histologically-proven squamous cell carcinoma
of the esophagus, with resectable tumors in the stage Il or Il
of the disease as defined by the TNM classification of malig-
nant tumors, Fifth Edition, of the International Union against
Cancer [22]. The control group consisted of apparently healthy
volunteers from medical staff of the 1 Faculty of Medicine. The
study protocol was approved by the Joint Ethics Committee of
the General University Hospital and the 1%t Faculty of Medicine,
Charles University in Prague.

No subjects had been treated with hypolipidemic medica-
tions or supplemented by polyunsaturated fatty acids and/
or antioxidants.

Treatment protocol

The neoadjuvant chemoradiotherapy (CRT) protocol has been
described in detail elsewhere [23]. Briefly, CRT consisted of 2
cycles of chemotherapy with carboplatin at AUC 6 or cisplat-
in at 80 mg/m? on days 1 and 22 from the start of treatment.
Continuous infusion of 5-fluorouracil was administered on
days 1-42 at 200 mg/m?/day. Paclitaxel 200 mg/m? by 3-h
infusion on day 1 and 22 was a part of the combination in
some patients. Radiotherapy was delivered from day 1 con-
currently, 1.8 Gy per fraction, 5 fractions per week, total dose
45 Gy in 25 fractions. RT dose was increased to 50.4-56.8 Gy
if a contraindication to surgery occurred during the treatment
course. Surgery was performed 4-6 weeks after CRT unless it
was contraindicated or refused by the patient. After surgery
or definitive CRT, patients were followed up without further
adjuvant therapy.

Laboratory analyses

Blood collection was performed before the start of CRT
(Baseline) and after ending the treatment. Blood samples
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Table 1. Relevant fatty acids in the patients with esophageal cancer and controls.

Healthy subjects (n=42)
0.26+0.07°

Esophageal cancer (n=42) P values

0.22+0.07" NS

3.986+0.777

3.941+1.267 NS

3 Shorthand notation of fatty acids — number of carbon atoms: number of double bonds; n — number of carbon atoms from methyl
end to the nearest double bond; ® the data are presented as a mean +SD (mol%); £ — sum; SFA — saturated fatty acids; MUFA —
monounsaturated fatty acids; PUFA n-6 — polyunsaturated fatty acids of n-6 family; PUFA n-3 — polyunsaturated fatty acids of n-3
family. Only relevant fatty acids are presented. ¢ 16: 1n-7/16: 0 — A9 desaturase; ¢ 18: 1n-9/18: 0 — A9 desaturase; ¢ 20: 3n-6/18: 2n-6
— A6 desaturase+elongase; f 20: 4n-6/20: 3n-6 — A5 desaturase; 8 statistical analysis — ANCOVA (with BMI as covariate); " data in this

column are baseline values before treatment; D9D=SCD1.

were collected after overnight fasting. The routine biochemi-
cal tests were performed on automatic analyzers according to
standard methods. The FA composition of plasma PC was de-
termined by gas chromatography [24]. Desaturase activities
were estimated using product/precursor ratios of respective
FA (see Tables 1 and 2 for details).

Statistical analyses

For statistical analysis, STATISTICA® statistical software for
Windows (StatSoft, Tulsa, U.S.A.) was used. We used the t test
and Wilcoxon test, as appropriate, for comparison of contin-
uous variables, while the chi-square test was used for com-
parison of categorical variables. The tests for comparison of

the EC vs. the control group were adjusted for body mass in-
dex (BMI) (applying ANCOVA test). The statistical significance
was defined as P<0.05.

Results

Basic clinical and biochemical parameters of the patients with
esophageal cancer and control group are presented in Table 3.
As expected, the patients significantly differed from controls in
BMI (23.5+4.2 vs. 26.9+3.9 kg/m?, p<0.001), albumin (40.4+4.6
vs. 46.5+2.5 g/, p<0.001), and C-reactive protein (CRP) [6.75
vs. 3.2 (median), p=0.014]. There were no significant differ-
ences between groups in the concentrations of total plasma
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Table 2. Changes of plasma phosphatidylcholine fatty acids of esophageal cancer patients during chemoradiotherapy.

Before CRT
0.22+0.07°

After CRT P value®

0.21+0.08 NS

D5Ds 3.941+1.267

3.827+1.350 NS

2 Shorthand notation of fatty acids — number of carbon atoms: number of double bonds; n — number of carbon atoms from methyl end
to the nearest double bond; ° the data are presented as a mean +SD (mol%); £ — sum; SFA — saturated fatty acids;

MUFA - monounsaturated fatty acids; PUFA n-6 — polyunsaturated fatty acids of n-6 family; PUFA n-3 — polyunsaturated fatty acids

of n-3 family. Only relevant fatty acids are presented. © 16: 1n-7/16: 0 — A9 desaturase; ¢ 18: 1n-9/18: 0 — A9 desaturase; ¢ 18: 3n-
6/18: 2n-6 — A6 desaturase; f 20: 3n-6/18: 2n-6 — A6 desaturase+elongase; 20: 4n-6/20: 3n-6 — A5 desaturase; " Wilcoxon paired test;

D9D=SCD1; CRT — chemoradiotherapy.

cholesterol, triacylglycerols (TAG), and glucose. The plasma
FA profile in PC is demonstrated in Table 1. The patients with
EC were characterized by lower levels of linoleic acid (18: 2n-
6, LA) (-17%, p<0.001) and sum (X) of n-6 PUFA in PC (-12%,
p<0.001). This decrease was accompanied by an increase in
levels of palmitic acid (16: 0, PA) (+7%, p <0.001), palmitoleic
acid (16: 1n-7, POA) (+29%, p<0.001), oleic acid (18: 1 n-9, OA)
(+19%, p<0.01), and both sum of saturated FA (XSFA) (+4.6%,
p<0.001) and sum of monoenoic FA (EMFA) (+20%, p<0.01).
When we observed estimated activities of desaturases, we found
that patients had EC elevated index of SCD1 (e.g., A-9 desatu-
rase, D9D) for both stearic (18: 0) (+19%, p<0.05) and palmitic
(16: 0) (+64%, p<0.001) acids and we have also observed the
significant increase in activity index for A-6 desaturase (D6D)

This work is licensed under Creative Common Attribution-
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(+16%, p<0.01). Index of activity for A-5 desaturase (D5D) did
not differ significantly between groups.

Table 4, shows changes in basic clinical and laboratory pa-
rameters of EC patients during the CRT. We observed signifi-
cant trends to lower BMI (-5%, p<0.001), and albumin (-16%,
p<0.02). On the contrary, we did not see any changes in con-
centrations of glucose and plasma lipids. Table 2 shows the
changes in plasma PC fatty acids during the CRT. We observed
a significant decrease of the proportion of POA (-14%, p<0.02),
an increase in arachidonic acid (AA) (+5%, p<0.05) and doc-
osahexaenoic acid (DHA) (+18%, p<0.001), X n-3 PUFA (+9%,
p<0.05), and a significant decrease in the index of SCD1 ac-
tivity (16: 1/16: 0) (-12%, p<0.01)
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Table 3. Basic demographic and clinical data of the patients and control group.

Healthy subjects (n=42) Esophageal cancer (n=42) P value
Age (years)? 58.3+8.1 58.0+7.3 NS
""""" Smokers (ratio) 1442 s oo
""""" BMIGgm®  269s39  235:2 <00
""""" Abumin(g/) 465225 40446 <001
""""" Cholesterol (mmol/)  514s082  4%tol NS
""""" Tracylglycerols (nmol/) 1162047 136068 NS
""""" Glucose (mmoll)  537:089  s4s097 NS
""""" cRP(mg) 3202459  67502781358]  oo4

3 Data are presented as mean +S.D; ® x? test; © Wilcoxon test; ¢ median [interquartile range-Q1;Q3]; BMI — body mass index
= weight(kg)/[(height(m)]%; CRP — C-reactive protein.

Table 4. Changes of clinical and laboratory parameters of esophageal cancer patients during chemoradiotherapy.

Before CRT After CRT P value

BMI (kg-m~) 23.5+4.22 22.4+3.9 <0.001°
""""" Albumin /)  404#25 3893 o014
""""" Cholesterol (mmol) ~ 494s101  48ss115  Ns
""""" Triacylglycerols (mmol/) 136068 1482051 NS
""""" Glucose (mmol/)  542:097 548090 NS
""""" CRP(mg/)  675[2781358F  1090[30;280) Ns*

2 Data are presented as mean +S.D.; ® paired t-test; © median [interquartile range-Q1;Q3]; ¢ Wilcoxon paired test; BMI — body mass

index = weight(kg)/[(height(m)]?; CRP — C-reactive protein.

Discussion

In the presented observational pilot study, we found significant
differences between the FA profile in plasma PC in the group of
men with squamous cell esophageal cancer and age-matched
healthy men. Moreover, we also observed significant changes
in plasma PC fatty acid concentrations after ending the CRT.

Fatty acids in plasma phosphatidylcholine in esophageal
cancer

In the patients with EC, we found increased content of ZMFA in
plasma PC due to higher contents of both POA (16: 1n-7) and
OA (18: 1n-9). The increased proportion of PA (16: 0) and that
of XSFA was observed in the EC group as well. Concurrently,
we found decreased proportions of LA (18: 2n-6) in plasma
PC in EC patients. The patients with EC were characterized by
increased indexes of D9D for both palmitate (16: 0) and stea-
rate (18: 0). Increased synthesis of FA de novo and accelerat-
ed formation of monogenic FA (MFA) from saturated FA (SFA)
is a common feature of growing tumors. The activities of both
fatty acid synthase (FAS), which catalyzes synthesis of palmitic

acid from acetyl-CoA, and malonyl-CoA and SCD1, catalyzing
conversion palmitic acid to palmitoleic and stearic acid (18: 0)
to oleic acid, take part in these processes. Both FAS and SCD1
activities support cancer cell growth and survival, as it was
found in breast and endometrial cancer [25]. It was suggest-
ed that the FAS expression is of functional importance in hu-
man esophageal tumorigenesis, and that inhibiting FAS might
be applied to treat esophageal cancer [26].

In our EC group, both 16: 1 n-7/16: 0 and 18: 1 n-9/18: 0 ra-
tios were higher, thus suggesting higher activity of SCD1. This
is consistent with the finding of Li et al. in 1994 [27], who re-
ported increased desaturase mRNA SCD1 levels in human co-
lonic and esophageal carcinomas. In an earlier study we found
higher estimated D9D activity for both palmitate and stearate
in patients with pancreatic cancer [28], suggesting a therapeu-
tic role for SCD1 inhibitors. In an experimental study, the down-
regulation of SCD1 in lung carcinoma cells delayed and limited
tumor growth; the activity of SCD1 was correlated with the rate
of cell proliferation and invasiveness of tumor cells [29]. In our
patients with squamous carcinoma of the esophagus, we found
lower levels of LA and £ n-6 PUFA in plasma PC in comparison
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with controls. In 2002, Zuijdgeest-van Leeuwen et al. [13] found
lower levels of n-6 and n-3 FA in plasma phospholipids in pa-
tients with newly diagnosed pancreatic non-small cell lung can-
cer and stomach/esophageal cancer compared to normal healthy
controls. The causes of the lower level of PUFA in plasma lip-
ids in patients with cancer are not clear. It is known that the
level of FA in plasma lipid is influenced by dietary lipid content
in randomly selected middle-aged adults, including those with
chronic illnesses [30] and in healthy volunteers [31]. However,
in patients with advanced cancer, Pratt et al. (2002) [17] found
significantly decreased total plasma phospholipids concentra-
tion and linoleic and alpha-linolenic acid proportion, which were
not dependent on intake of total fat and calories.

A lower level of PUFA n-6 can be caused by cigarette smok-
ing or excessive alcohol intake [32], which are established risk
factors for esophageal cancer [33]. Moreover, plasma profile of
PUFAs is influenced by both genetic factors and sex [34,35].
Decreased levels of LA (18: 2n-6) and total n-6 PUFAs in plas-
ma PC of EC patients could also be caused by increased oxi-
dative stress [36]. Oxidative stress plays an important role in
the pathogenesis of various cancer types, including esopha-
geal cancer [37]. We did not analyze the parameters of oxida-
tive stress in this study. The decreased level of PUFA in can-
cer patients can be connected with the stage of the disease
and the applied treatment. Recently, Murphy et al. (2012) [38]
found that patients with advanced lung cancer compared to
those with early-stage lung cancer had significantly lower lev-
els of total phospholipid FA. Interestingly, patients who did not
complete chemotherapy due to toxicity or disease progression
had progressive loss of total phospholipid FA, stearic acid, lin-
oleic acid, and sum of n-6 fatty acids; in contrast, those who
completed chemotherapy maintained stable FA levels for at
least 1 month following completion of chemotherapy [38].

Another important finding of this study was significantly in-
creased estimated activity of D6D in our patients with EC. The
potential pathogenetic role of higher activity of D6D during car-
cinogenesis has been shown in several experimental studies.
In 2012, He et al. [39] found that the activity of D6D was up-
regulated during melanoma and lung cancer growth in mice,
whereas the inhibition of D6D prevents tumor growth. Inhibition
of D6D in experimental conditions hindered the growth of hu-
man colorectal carcinoma cells [40]. The breast carcinoma tis-
sues, particularly those of the estrogen receptor-negative gen-
otype have enhanced synthesis of AA, higher activity of D6D,
and higher levels of prostaglandin E2 [41].

Changes in plasma phosphatidylcholine fatty acid
composition after chemoradiotherapy

The changes in plasma PC profile after CRT are shown in Table 2.
We have observed lower POA levels and decreased level of
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SCD1 activity index, whereas the contents of PUFA n-3 (espe-
cially DHA) and AA (20: 4n-6) were higher.

The literature on the effect of CRT on FA profiles in plasma
lipid classes is scant. One study described depletion of PUFA
during chemotherapy (5-fluorouracil, Adriamycin, and cyclo-
phosphamide) in advanced breast cancer [17]. In contrast, in
the study in which 25 breast cancer patients on anthracycline-
based chemotherapy for metastases were dietary supplement-
ed, Bougnoux et al. (2009) [42] found that this treatment did
not prevent enrichment of plasma phospholipids with a high-
ly unsaturated FA and that high levels can be sustained for at
least 4 months of treatment. Because we used platinum and
5-FU based chemotherapy and concomitant RT in this study,
it is difficult to distinguish the effect of the chemotherapy and
radiotherapy on the observed changes of FA profiles in plasma
PC. Interestingly, FA profiles in patients with squamous carci-
noma of the esophagus after CRT were similar to FA profiles
in control individuals. Moreover, the DHA level after CRT ex-
ceeded even the control values. The decreased SCD1 activity
index could be also considered as a beneficial effect of CRT.

To the best of our knowledge, this study is the first to de-
scribe increased levels of DHA and PUFA n-3 in plasma PC in
connection with cancer treatment using CRT. After CRT treat-
ment, we did not find any changes in activity indices for D5D
or D6D. The increased content of PUFA n-3 during CRT was
caused mainly by higher levels of DHA but not eicosapentae-
noic acid (EPA). Apart from the influence of CRT, other factors
have to be considered, such as the intensity of B-oxidation,
DHA retro-conversion efficiency to EPA [43], the presence of
allele 4 for APOE [44], and the total content and quality of
dietary fat [45]. It was recently found that cisplatin in adult
C57Bl/6) male mice caused a decrease in the lipogenic enzymes
FAS and SCD1 in liver, white adipose tissue (WAT), and muscle;
concurrently, cisplatin increased lipolysis in WAT and B-oxida-
tion in liver and WAT [46]. This finding supports the hypothe-
sis that the CRT used in our study can, at least partly, partici-
pate in altering the plasma PC fatty acid profile of EC patients.

These observed higher levels of PUFA n-3 in plasma PC in pa-
tients with EC could have practical consequences. It was suggest-
ed that certain PUFAs have tumoricidal action and are capable
of enhancing the cytotoxic action of anticancer drugs, specifi-
cally on drug-resistant cells, by promoting drug uptake and re-
ducing its efflux [47]. Moreover, “combination therapy” of DHA
and cytostatic drugs may reduce endogenous antioxidant tumor
cell defenses, and increase drug uptake [48]. Interestingly, DHA
and EPA do not sensitize non-tumor tissues to anticancer drugs,
which suggest that the effect of these lipids is tumor-specific [49].

The strengths of the present study are the description of FA
profile in plasma PC for the group of patients with squamous
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cell esophageal cancer This has only been reported once be-
fore, in a very small group of patients. Furthermore, the pres-
ent study is the first to describe increased levels of PUFA n-3
in plasma PC after platinum-based CRT. The major drawbacks
of this study are the lack of data for parameters of oxidative
stress and for the content of fat in the diet.

Conclusions

Patients with EC in our study were characterized by significantly
altered profile of plasma PC fatty acids — there were increased
levels of both saturated and monounsaturated FA. The index
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