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Abstract Antigen tumor markers employed in monitor-

ing therapeutical approaches are limited by their specificity

(Sp) and sensitivity (Se). The aim of this study was to

investigate the suitability of a lipid tumor marker derived

from ether-linked phospholipids and to compare it with

others usually assayed in clinical practice. Complex lipids

from normal and pathological breast, lung, and prostate

tissue were isolated and analyzed by TLC and c-GLC

methods. Results were compared as pooled samples, or by

means of the averaged percent changes with respect to the

composition observed in the normal tissue of the same

patient. Sp, Se, negative-predictive (NPV) and positive-

predictive values (PPV) were established for conventional

markers and for the proposed lipid-derived marker. Results

demonstrated that the content of monoenoic fatty acyl

chains was significantly increased in total lipids, phos-

phatidylethanolamine, and especially in ethanolamine-

containing ether lipids of neoplastic tissues with respect to

their corresponding normal ones. Major changes were

observed in the plasmalogen sub-fraction where the ratio

monoenoic/saturated fatty acids can distinguish with high

Se normal tissues from either benign or neoplastic tissues

from breast, lung, or prostate lesions. Analyses of fatty acyl

chains from ethanolamine-containing plasmalogens pro-

vided a reliable tumor marker that correlated with high Se

and linearity with metastases spreading. This fact may be

useful in prognosis of the most frequently observed human

cancers.
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List of abbreviations

ADAG Alkyldiacylglycerols

BL Benign (lesions or tissues)

C Normal

CEA Carcinoembryonic antigen

ChoGpl Choline glycerophospholipids

EtnGpl Ethanolamine glycerophospholipids

FAs Fatty acids

FAMEs Fatty acid methyl esters

GEDE-A 1-O-alkyl-2,3-diacyl-sn-glycerol

GEDE-E 1-O-alkenyl-2,3-diacyl-sn-glycerol

NEO Neoplastic (lesions or tissues)

NPV Negative-predictive value
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PakCho Plasmanylcholine (1-O-alkyl-2-acyl-sn-

glycero-3-phosphocholine)

PakEtn 1-O-alkyl-2-acyl-sn-glycero-3-

phosphoethanolamine

(plasmanylethanolamine)

PlsCho Plasmenylcholine (1-O-alk-10-enyl-2-acyl-

sn-glycero-3-phosphocholine)

PlsEtn 1-O-alk-10-enyl-2-acyl-sn-glycero-3-

phosphoethanolamine

(plasmenylethanolamine)

PtdEtn Diacyl-sn-glycero-3-phosphoethanolamine

PtdCho Diacyl-sn-glycero-3-phosphocholine

PPV Positive-predictive value

PSA Prostatic specific antigen

PUFAs Polyunsaturated fatty acids

Se Sensitivity

Sp Specificity

Introduction

Plasmalogens make up approximately 18% of the total

phospholipid mass in humans; however, their content varies

widely among tissues. The bulk of the 1-O-alk-10-enyl-2-

acyl-sn-glycero-3-phosphoethanolamine (plasmenyletha-

nolamine or PlsEtn) pool may represent up to 70% of

the ethanolamine phospholipids depending on the tissue

analyzed [1]. 1-O-alkyl-2-acyl-sn-glycero-3-phosphoetha-

nolamine (plasmanylethanolamine or PakEtn) and diacyl-

sn-glycero-3-phosphoethanolamine (PtdEtn) represent the

other species present in the ethanolamine glycerophospho-

lipids (EtnGpl) [1]. Concerning neutral lipids, several

authors proposed alkyldiacylglycerols (ADAG) as a lipid

class marker for malignant tissues. Important contributions

in this field were made by Snyder et al. [2, 3], Mangold and

Paltauf [4], and Nagan and Zoeller [1] among others. Tra-

ditionally, an excess of 1% ADAG in neutral lipids may

indicate malignant degeneration, and values observed may

be as high as 6% [4]. As a general rule, amounts of

PakEtn + PlsEtn over 4% of total phospholipids correlated

with neoplastic transformation [4]. However, this reference

parameter was obtained comparing lipid compositions from

neoplastic and normal tissue samples (of the same type)

obtained from donors or normal subjects free from cancer

lesions. A meaningful comparison should only be plausible

between tumorous and healthy tissue samples of the same

patient [4]. Lin et al. [5] performed a study in which hepa-

tocellular carcinomas were compared with the residual

hepatic tissue free from tumor cells. They found that ADAG

in the neutral lipid fraction exhibited an increased concen-

tration of hexadecyl-glycerol and lower proportions of

C18-glyceryl ethers in hepatocellular carcinomas with

respect to non-malignant liver tissue. In spite of the fact that

higher concentrations of neutral ADAG and cholesterol

were found in this kind of tumor, no differences between

levels of ether-linked phosphoglycerides, triacylglycerides,

and lipid phosphorous were observed [3, 5]. So far, no

similar studies have been carried out. Thus, no information

concerning PakEtn and PlsEtn content and their fatty acid

composition has been reported for normal and pathological

samples from the same patient. This may be due to problems

with surgical protocols, since the collection of cancer and

normal tissues from the same patient is not easy. We

explored in detail if there was a compositional marker

derived from the fatty acyl pattern of polar and/or neutral

lipids and if it correlated with the metastatic dissemination

of the most prevalent cancers in our country (and probably

in most industrialized nations). Several samples of lung,

breast, and prostate cancer tissues were taken and studied in

comparison with normal tissues obtained from the same

patient in order to investigate which lipid profile (if any)

correlated better with histopathological characteristics of

cancer tissues and/or predicted metastatic spreading of the

primary tumor. Tumor markers usually employed in clinical

practice were also determined and compared with the results

obtained from lipid analyses.

Experimental Procedure

Chemicals

All solvents used were HPLC grade from Carlo Erba,

Milan, Italy. Standards for thin-layer chromatography

(TLC) and capillary gas-liquid chromatography (c-GLC)

were purchased from Nu-Check-Prep., Elysian, MN. 20,70-
Dichlorofluorescein, boron trifluoride in methanol (14%),

phospholipase C from Bacillus cereus (type IV, 1,500 U/

mg protein), b-mercaptoethanol, sphingomyelin, PtdCho,

PtdEth, inorganic salts and other chemicals used in sample

preparation and processing were from Sigma Chem. Co.,

St. Louis, MO.

Patients and Tissue Samples

Lung, breast, and prostate tissues were obtained by surgical

procedures and analyzed with the written consent of the

patients. This study followed the Helsinki protocol for

handling human specimens. Patients were recruited from

five public and private health institutions and the survey

involved a total of 677 paired samples (C: normal, BL:

hyperplastic-displastic, and NEO: malignant tissues from

the same patient) collected for 6 years. In most cases

samples were obtained surgically. Other samples were
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obtained by performing a 3-mm needle disposable punch

biopsy using a ultrasound guide. This procedure provides

approx. 9 mg of tissue, enough for performing all the

analyses. Two portions of tissue from each patient were

analyzed, one from a pathological lesion and the other from

(assumed) normal tissue. Each portion was divided into

two sub-portions. One of them was processed for histopa-

thological examination (PBS with 10% formalin) and the

other for lipid analyses. Normal tissue surrounding the

lesion was checked for any infiltration of abnormal cells.

Suspicious normal samples were excluded from the study

together with the corresponding paired (pathological)

sample. Each sample was identified with an encrypted code

which did not include any information concerning the

origin and/or characteristics of the tissues examined.

Thus, pathologists, biochemists, and laboratory technicians

processed the samples under a blind protocol. At the end

of the study, histopathological classification, biochemical

determinations, and clinical stage of the samples were

revealed and correlated with lipid analyses. For each type

of pathological tissue the clinical state of patients and also

the criteria for classification of samples (benign or neo-

plastic) were evaluated following international scores such

as those recommended by the American Joint Committee

on Cancer Staging, World Health Organization, or Gleason

scale [6–8]. Presence and localization of metastases were

explored by specific medical studies such as magnetic

resonance, X-ray computed tomography, and radioisotopic

densitography. Table 1 shows a summary of the main

characteristics of patients and samples.

Blood Samples and Biochemical Markers

Morning fasting blood samples were obtained from the

antecubital vein on the day of tissue collection. Plasma was

separated by centrifugation in the cold at 600 9 g (15 min),

aliquoted, frozen at -20 �C (no more than one week), and

Table 1 Main characteristics of subjects and samples analyzed

Tissue

Breast Lung Prostate

Mean age (years)a 61 (53–76) 64 (49–81) 74 (55–86)

n 222 226 229

Sex (nF; %F) (nM; %M)b (222; 100) (78; 32.9) (148; 67.1) (229; 100)

Body weight (kg)c 68.4 ± 3.1 75.1 ± 2.0 78.0 ± 4.2

Body mass index (kg/m2)c 26.0 ± 1.5 24.3 ± 1.1 25.8 ± 2.3

Weight loss (kg; %)d (3.1 ± 0.2; 4.5 ± 0.1) (6.7 ± 0.8; 8.9 ± 0.4) (4.9 ± 0.5; 6.6 ± 0.3)

Tumor histopathologyb,e

Squamous cell carcinoma (26; 11.5) (54; 23.9)

Undifferentiated large-cell carcinoma (3; 1.3) (11; 4.9)

Adenocarcinoma (ADC) (148; 66.6) (14; 6.2) (31; 13.7) (173; 75.5)

Small cell ADC (21; 9.3) (26; 11.5)

Intraductal ADC (41;18.5)

Ductal ADC (90; 40.5)

Lobulillar ADC (13; 5.9)

Medullary ADC (4; 1.7)

Extracapsular ADC (C1,C2) (27; 11.8)

Metastasized ADC (D1,D2) (146; 63.7)

Fibrous degeneration (33; 14.9)

Localized adenoma (41; 18.5) (56; 24.5)

Mesenchymal tumor (6; 2.7) (11; 4.9)

Hamartoma (8; 3.5) (15; 6.6)

At the time of recruitment most patients (71%) were hospitalized for medical tests and/or antitumor treatment (chemotherapy, surgery, radiation,

or a combination of these procedures). The meanings of the superscript letters is as follows:
a Mean age (range)
b (nF:female; % female with respect to total sample) (nM:males; % males with respect to total sample)
c At the time of sampling, expressed as the mean ± 1SD (standard deviation)
d Weight loss (cancer patients) within the preceding 6 months expressed as (mean ± 1SD; percentage with respect to initial weight)
e Classification based on the American Joint Committee on Cancer Staging, World Health Organization, or Gleason Score
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used for tumor marker determinations. Marker antigens

assayed were (cut-off in parenthesis): total PSA (\5 ng/ml),

CA-125 (\35 UI/ml), CA-15.3 (\30 UI/ml), CA-19.9

(\25 UI/ml), and CA-27.29 (\38 UI/ml). Determinations

were performed according to the procedures recommended

by manufacturers of the commercial kits (streptavidin

technology of ELISA from Boehringer-Mannheim Im-

munodiagnostics, Germany, ES-300 BM auto-analyzer), or

Abbott Lab., Buenos Aires, Argentina (AXSYM auto-ana-

lyzer). CEA (\5 ng/ml) was also determined by enzyme

immunoassay (SRL, Fukuoka, Japan). Sensitivity (Se),

specificity (Sp), positive predictive value (PPV), and nega-

tive-predictive values (NPV) were defined and calculated as

described in detail by Kuralay et al. [9]. Briefly, for all

samples correctly or incorrectly identified by the histologi-

cal, laboratory, or other complementary studies as being

malignant or benign (nonmalignant) were defined as true

positive (TP), false positive (FP), true negative (TN), and

false negative (FN). The term ‘‘positive’’ was referred to

histological by proven malignant sample while benign tis-

sues were referred as ‘‘negative’’ histological findings. Se

was defined as TP/(TP + FN), Sp as TN/(TN + FP), PPV

as TP/(TP + FP), and NPV as TN/(FN + TN).

Lipid Analyses

Samples were homogenized on ice with PBS (pH: 7.4,

100 ll per mg wet tissue) using a Potter-Elvejehm glass-

Teflon homogenizer. An aliquot of 20 ll was taken for

protein measurement [10] and the remainder was treated

with Folch reactive [11]. After processing the samples

according to Folch methodology, an aliquot of the final

extract was taken to determine total lipid content gravi-

metrically [12] on a XP56-Delta Range Mettler Toledo

balance. The evaporated residue was used for quantitative

phosphorus determination according to Chen et al. [13].

Another aliquot was analyzed as described by Park et al.

[14] in order to separate neutral ether lipids (ADAG)

into their components, 1-O-alkyl-2,3-diacyl-sn-glycerol

(GEDE-A), 1-O-alkenyl-2,3-diacyl-sn-glycerol (GEDE-E),

and triacylglycerides (TAG). The remainder of the total

lipid extract was separated into various phospholipid sub-

classes using thin-layer chromatography (TLC) with a

biphasic solvent system [15]. TLC was performed in her-

metic pre-equilibrated cubes (Sigma Chem. Co., St. Louis,

MO) on pre-coated silica gel 60 plates from Merck

(Darmstadt, Germany). Phospholipid bands were visual-

ized under ultraviolet light after spraying with 20,70-
dichlorofluorescein solution and exposure to ammonia

vapor. Lipids were identified comparing them with pure

standards run in the same plate. In order to separate plas-

malogens and DAG components from the PtdCho and

PtdEth fractions the spots were scrapped-off and quanti-

tatively eluted with chloroform/methanol (1:2, by vol).

Isolated PtdCho and PtdEth were incubated with phos-

pholipase C following the method of Mangold and Totani

[16]. The resulting diacylglycerides were then acetylated

with acetic anhydride/pyridine (10:5, by vol), and the

products were separated by TLC using hexane/diethyl

Table 2 Marker antigens in plasma samples from patients with breast, lung, and prostate tumors

Tissue Breast Lung Prostate

Histopathology BL NEO BL NEO BL NEO

n 74 148 40 186 56 73

CA-125a 160 ± 34 873 ± 202* 83 ± 14 1037 ± 244* ND ND

CA-15.3b 96 ± 21 919 ± 195* ND ND 38 ± 6 318 ± 64*

CA-19.9c ND ND 31 ± 8 505 ± 191* ND ND

CA-27.29d 111 ± 29 1006 ± 197* ND ND ND ND

CEAe 40 ± 17 477 ± 165* 46 ± 7 355 ± 106* 13 ± 5 425 ± 113*

PSAe ND ND ND ND 37 ± 9 306 ± 170*

Data correspond to date of tissue collection and they were expressed as the mean of the number of samples indicated as n ± 1 SD. Patients were

studied periodically after diagnose to correlate results with tumor progression and/or spreading

ND Non determined
* Significantly different (P \ 0.01) compared with BL samples

Cut-off values and units for each marker are indicated with a superscript letter as follows:
a \35 UI/ml
b \30 UI/ml
c \25 UI/ml
d \38 UI/ml
e \5 ng/ml
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ether/acetic acid (90:10:1, by vol) as first solvent system

and toluene as second developing solvent [17]. Bands were

scrapped-off the plate and transmethylated using F3B (14%

in methanol) under nitrogen atmosphere for 45 min at

80 �C. Monopentadecanoin was added to all the tubes as an

internal standard. Fatty acid methyl esters (FAMEs) from

the ether lipid species were separated from the aldehyde

derivatives by TLC using toluene as a solvent and quan-

titatively analyzed using a Hewlett Packard HP 6890 Series

GC System Plus (Avondale, PA) equipped with a terminal

computer integrator [18].

Graphic Software and Statistical Treatment of Data

Data were reported as the mean ± 1 standard deviation

(SD). Statistical significance was tested by student t-test or

by ANOVA (analysis of variance) plus Bonferroni test.

Correlation and regression analyses and data plotting were

performed with the aid of Systat (version 12.0 for Win-

dows) from SPSS Science (Chicago, IL), Sigma Scientific

Graphing Software (version 8.0) from Sigma Chem. Co.

(St. Louis, MO), and/or GB-STAT Professional Statistics

Program (version 4.0) from Dynamic Microsystems Inc.

(Silver Springs). Multivariable regression analyses were

performed as described by Kleinbaum and Kupper [19].

Results and Discussion

Patients and Tumor Markers

Our study was carried out with a representative (char-

acteristic) population of neoplastic samples, composed

of a typical distribution of cancer types (Table 1). His-

topathological data were in agreement with previous

Fig. 1 Correlation between

number of confirmed metastases

(NCM) and various antigen

markers for breast, lung and

prostate. Number of neoplastic

samples processed was smaller

than the total number of patients

studied since only those cases

with confirmed number of

metastases were included (101,

129, and 73 for breast, lung, and

prostate, respectively)
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studies performed in Western countries [20]. Tumor

marker levels (Table 2) were also in accordance with

data previously reported for each kind of tumor [21–24].

These values of tumor markers are often useful for

monitoring the evolution of patients; however, some of

them may not be helpful in detecting recurrence. For

example, we found that CA-125, CA-19.9, CA-27.29,

CEA, and total PSA remained unaltered in a significant

proportion of cases in which large spreading of primary

tumors was detected by other tests such as radioisotopic

and/or X-ray scanning (data not shown). Total PSA was

the antigen that showed the best correlation with clinical

status. Notwithstanding, it was within normal values in

12% patients with prostate cancer detected by digital

rectal and scanner exams, and then corroborated by his-

tological studies after needle punch biopsy. Moreover,

spreading of primary prostatic or breast tumors with bone

metastases was not correlated with a significant raise in

any of the antigen markers tested in 22 and 31% of the

samples analyzed, respectively. In addition, approxi-

mately 25% of patients with metastatic dissemination of

primary lung cancer (especially in central nervous system

and liver) showed no significant changes with respect to

the starting level of the antigenic markers.

Sp and Se of tumor markers are topics under continuous

evaluation. The ideal marker would be a molecule which

only appears in patients with a specific malignancy, and it

would correlate directly with stage and response to treat-

ment. Up till now, no tumor marker has met this

requirement. Thus, establishment of a biochemical index

for either diagnosis of cancer, or management of patients

with neoplastic diseases remains as one of the important

goals to be achieved in cancer research. It is accepted that

measurement of one antigen concentration in plasma is not

recommended as a useful diagnostic tool in malignancy.

In this regard, multivariable regression analyses of data

in relation to tumor marker concentrations and clinical

status of patients (summarized in Figs. 1 and 2, and in

Tables 2 and 3) led us to these conclusions: (1) high levels

of conventional markers did not directly correlate

(r2 \ 0.80) with both stage and /or spreading of the pri-

mary tumor. (2) simultaneous determinations of two or

more antigenic tumor markers did not improve PPV and

NPV values (0.58 \ r2 \ 0.73), and (iii) specifically,

tumor markers CA-15.3 and CA-27.29 were directly pro-

portional between them (r2 = 0.97). Thus, simultaneous

determinations of these two antigens do not offer advan-

tages over the measurement of each marker alone. These

statements confirm previous suggestions and findings made

by other researchers [25–30] and answered the question

raised by Klee et al [31]. It is important to remark that

even the association of two or three of these markers

(CA-125 + CA-15.3 + CEA; CA-125 + CA-19.9 + CEA;

or PSA + CEA for breast, lung, and prostate cancers,

respectively) could not significantly improve PPV and

NPV values compared with prognosis or spreading pre-

dictions based on determinations of the primary marker

alone (Table 3).

The optimal interpretation of tumor markers requires

knowledge about both methodological limitations and the

course of the disease in a particular patient. Even in those

cases where these conditions were met, the correlation with

clinical status was poor. For that reason we explored the

usefulness of other tumor markers derived from ether lipid

Fig. 2 Linear correlation between plasma levels of antigens CA-15.3

and CA-27.29 was determined as described in ‘‘Experimental

Procedure’’ for 148 patients with breast cancer

Table 3 Sensitivity (Se), specificity (Sp), and negative- and positive-

predictive values (NPV; PPV) of marker antigen levels tumors from

human breast, Lung, and Prostate

Tissue Parameters

Se Sp NPV PPV

CA-125 Breast 84 90 90 95

Lung 89 92 96 89

CA-15.3 Breast 66 91 88 93

CA-19.9 Lung 87 96 94 95

CA-27.29 Breast 64 91 89 93

CEA Breast 46 80 68 76

Lung 53 75 77 72

Prostate 38 89 65 70

PSA Prostate 93 92 100 94

CA-125 + CA-15.3 + CEA Breast 91 90 92 95

CA-125 + CA-19.9 + CEA Lung 99 97 98 97

PSA + CEA Prostate 100 93 100 96

Values were calculated as indicated in the experimental part. For

simplicity only three types of associations between markers were

shown. Data were calculated on the day of tissue collection. Patients

were studied periodically after diagnosis to correlate results with

tumor progression and/or spreading
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compositional analysis of biopsy samples to perform his-

topathological studies.

Lipids and Fatty Acyl Composition of Ether Lipids

as Tumor Markers

As a first approach in searching for a new lipid marker for

human tumor tissues, we followed the strategy employed in

this kind of investigation, that is, to compare pooled results

between normal and malignant tissues classified according

to their histopathological criteria and obtained from dif-

ferent patients. Table 4 shows data obtained from the

analyses of neutral and polar ether lipid subclasses among

normal, BL and NEO samples from breast, lung, and

prostate human tissues. Results corresponded to absolute

amounts of lipids (lg per mg tissue protein). They were

pooled and averaged as a function of their histopatholo-

gical classification on the day of collection. In agreement

with previous studies from other researchers we found that

tumor tissues were significantly enriched in GEDE-A and

GEDE-E [4, 32–34]. Interestingly, concerning lung, no

differences were found between normal and BL samples.

Similar conclusions can be obtained examining the data

obtained from PakEtn, PlsEtn, PakCho and PlsCho. Not-

withstanding, the EtnGpl sub-fraction exhibited higher Se

than ChoGpl since changes observed in ethanolamine-

containing plasmalogens were more pronounced than those

of choline. Drastic modification of data interpretation

occurred when the results were separately compared. We

calculated the amount of each lipid subclass with respect to

the content of the same lipid in normal sample from the

same patient. Table 5 shows the mean values obtained after

these calculations. Data were expressed as ratios of the

absolute amount of lipids (lg/mg protein). In the tumors

studied, we found significant differences between normal,

BL, and NEO samples. Moreover, differences observed

among groups were even more evident than those observed

Table 4 Absolute amounts of lipids of normal (C), benign (BL), and neoplastic (NEO) samples from human breast, lung, and prostate tissues

Tissues Breast Lung Prostate

Histopathology C BL NEO C BL NEO C BL NEO

n 222 74 148 226 40 186 229 56 173

GEDE-A 0.5 ± 0.1 1.9 ± 0.3* 4.6 ± 0.5*,** 1.3 ± 0.2 1.8 ± 0.5 2.8 ± 0.3* 0.6 ± 0.1 0.9 ± 0.2 1.7 ± 0.3*,**

GEDE-E 0.7 ± 0.1 1.6 ± 0.4 3.3 ± 0.8* 0.7 ± 0.1 0.9 ± 0.2 1.3 ± 0.3* 0.5 ± 0.1 0.8 ± 0.2 2.2 ± 0.7*

PakEtn 0.7 ± 0.1 1.6 ± 0.2* 3.9 ± 0.4*,** 4.6 ± 0.3 6.6 ± 0.6 8.9 ± 0.5* 0.8 ± 0.2 0.8 ± 0.3 1.5 ± 0.4*,**

PlsEtn 1.1 ± 0.2 2.4 ± 0.3 5.8 ± 0.4*,** 11.5 ± 2.4 19.8 ± 3.0 24.1 ± 2.9* 3.3 ± 0.4 6.0 ± 1.8* 12.5 ± 3.0*

PakCho 0.5 ± 0.1 0.6 ± 0.1 2.1 ± 0.3*,** 1.0 ± 0.2 1.5 ± 0.4 2.9 ± 0.3* 0.6 ± 0.1 0.5 ± 0.3 1.6 ± 0.2*,**

PlsCho 0.8 ± 0.2 1.2 ± 0.3 3.5 ± 0.7* 2.3 ± 0.3 3.3 ± 0.7 4.4 ± 0.4* 0.8 ± 0.2 1.1 ± 0.3 3.6 ± 0.3*,**

Results were expressed as lg of each lipid subclass per mg protein, and they correspond to the mean ± SD of the number of samples indicated as n

Statistically different (P \ 0.01) *compared with C, **compared with BL

Table 5 Mean values of ratios between the content of ether lipids in benign (BL) or neoplastic (NEO) and normal (C) samples in human breast,

lung, and prostate tissues

Tissues Breast Lung Prostate

Histopathology BL NEO BL NEO BL NEO

n 74 148 40 186 56 173

GEDE-A 4.2 ± 0.2* 10.1 ± 0.3*,** 1.9 ± 0.1* 3.9 ± 0.2*,** 1.5 ± 0.1* 4.7 ± 0.1*,**

GEDE-E 3.5 ± 0.4* 5.8 ± 0.2*,** 1.8 ± 0.2* 3.2 ± 0.1*, ** 2.4 ± 0.2* 4.8 ± 0.2*,**

PakEtn 4.1 ± 0.1* 7.0 ± 0.2*,** 2.0 ± 0.2* 4.5 ± 0.2*,** 1.9 ± 0.1* 5.6 ± 0.1*, **

PlsEtn 2.7 ± 0.1* 6.9 ± 0.1*,** 3.1 ± 0.2* 6.3 ± 0.3*,** 3.5 ± 0.2* 7.8 ± 0.1*,**

PakCho 1.8 ± 0.1* 4.7 ± 0.2*,** 1.5 ± 0.1* 3.9 ± 0.1*,** 2.1 ± 0.1* 3.9 ± 0.2*,**

PlsCho 2.0 ± 0.2* 5.4 ± 0.1*,** 2.0 ± 0.2* 4.2 ± 0.2*,** 3.0 ± 0.2* 5.1 ± 0.2*,**

Results were expressed as the mean of ratios between the absolute amount (lg/mg protein) of each lipid subclass in BL or NEO samples and the

content measured in normal tissues from the same patient ± 1SD of the number of analyses indicated as n. SD of normal samples was between 8

and 19% of the mean value depending on the group of samples analyzed

Statistically significant (P \ 0.01) *compared with control, **compared with BL
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in the previous analyses (Table 4). Thus, using this type of

analysis all the groups were statistically different from

each other.

As reported by other authors [4, 32–34], pooled sam-

ples had a lower proportion of PakEtn or PakCho than

PlsEtn or PlsCho. We calculated the relative proportion of

GEDE-A to GEDE-E, and the PakEtn/PlsEtn and PakCho/

PlsCho ratios. The content of GEDE-A compared to

GEDE-E decreased in NEO samples from the three tissues

studied, while the proportion between plasmanyl- and

plasmenyl-derived compounds (in both PE and PC)

increased in BL and in NEO sample tissues with respect to

the normal ones. An important conclusion was that

changes in EtnGpl were more pronounced than those in

ChoGpl. Analytical ratios shown in Table 6 would be

useful for the classification of samples according to their

histopathological characteristics. However, there were two

major problems with these calculations: (a) except in the

case of plasmalogen ratios, no differences were found

between BL and normal samples, and (b) they did not

reflect the fact that individual samples may not differ from

the mean values obtained for the corresponding histopa-

thological group and, consequently, they would be

misclassified. Considering PakEtn/PlsEtn and PakCho/

PlsCho ratios as the most discriminating biomarkers, 31.4,

26.2 and 12.5% of NEO samples from breast, lung and

prostate (respectively) were classified as normal samples

when compared with the means shown in Table 4. How-

ever, they became malignant when comparisons were

made against those values obtained from normal tissue

from the same patient. Using the same strategy of com-

parison, BL samples from breast, lung and prostate were

25.0, 20.1 and 11.3% misclassified. These records were

similar to those obtained using the conventional primary

antigenic tumor markers as discriminators.

As a second approach to find a more reliable lipid tumor

marker, analyses of fatty acyl composition of each ether

lipid subclass isolated from normal and pathological

samples were carried out. Significant changes in fatty acyl

composition were easily observed directly on the chro-

matograms even without ulterior calculations of peak areas

(data not shown). This pattern represented a ‘‘finger print’’

and it was a constant finding in the samples analyzed. The

main changes observed involved the proportion of mono-

enoic to saturated fatty acids and also the relative amount

of PUFAs to saturated fatty acids. For these reasons, the

absolute amount (nmoles per mg protein) of fatty acyl

chains in each lipid subclass from normal, BL and NEO

samples was calculated and used to obtain several analyt-

ical ratios. A few selected (statistically significant) ratios

were presented in Table 7. They were expressed as the

percent change calculated by comparing the absolute

content of fatty acyl chains of BL or NEO samples with the T
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amount measured in the normal tissue of the same patient.

Similar calculations were made concerning the fatty acyl

composition of GEDE-A, GEDE-E, and DAG. However, in

those cases the statistical differences, though significant,

were of lesser extension. Thus, we focused our attention in

fatty acyl composition of PakEtn and PlsEtn sub-fractions.

Ratios allowed the differentiation not only of NEO samples

from normal tissue, but also of BL from NEO samples with

high Se and Sp. These statistical differences almost dis-

appeared when ratios were calculated in pooled samples

since values of SD were notoriously increased. This fact

can be attributed to a marked variability observed in the

baseline contents of fatty acyl chains among patients under

different nutritional conditions, concomitant pathologies,

therapeutical approaches, hormonal status, gender, age, and

other factors which are not easily controlled. In agreement

with this, reports from other laboratories have attempted to

characterize plasma fatty acyl profile in patients undergo-

ing benign and/or neoplastic illness with a variable success

[35–37].

From the data reported in Table 7 we calculated Se, Sp,

NPV, and PPV for the different lipid markers studied. The

best results were obtained for R monoenoic/R saturated fatty

acids in PlsEtn showing major changes with minor disper-

sion together with an excellent correlation with clinical

status of patients. Se and Sp were between 96 and 100%, and

NPV and PPV values were both over 97%. Figure 3 shows

correlation studies between the lipid marker and the

spreading capacity of primary tumors. Interestingly, in all of

the tumors studied we found a linear correlation,

(0.96 \ r2 \ 0.98) that agreed with the clinical prognosis of

each kind of damage. It seems that this lipid marker does not

depend on the nature of the tumor, but it clearly reflects the

mestastatic potential of the primary cancer even when an

accurate quantification of this condition is so difficult to

obtain. Extrapolation of the regression lines to zero metas-

tases yielded values of percent change (R monoenoic/

Rsaturated) PlsEtn FAs which would correspond to a tumor

with a hypothetically null spreading capacity. These values

were similar to those obtained for BL samples (Table 7).

Thus, the proposed marker has an excellent correlation with

clinical status of the patient, especially number of metasta-

ses. Probably, it may be limited to the follow-up of the

patient and to distinguish between BL and NEO samples in

conflicting histopathological examinations in which com-

plementary studies would be required. A population study at

large scale may confirm the utility of the marker in prog-

nosis, but our results are promising. We demonstrated that

this highly sensitive marker is, at least, equally or even better

than the existing clinical chemistry tumor markers.

Table 7 Analytical markers of fatty acyl composition of lipids from benign (BL) and neoplastic (NEO) samples of human breast, lung and

prostate

Histopathology Breast Lung Prostate

BL NEO BL NEO BL NEO

n 74 148 40 186 56 173

Total lipids

R Monoethylenic/R Saturated 66 ± 7* 144 ± 17*,** 39 ± 6* 127 ± 15*,** 51 ± 4* 185 ± 19*,**

18:2n - 6 + 18:3n - 3/20:4 (n - 6) 54 ± 8* 196 ± 21*,** 27 ± 5* 222 ± 17*,** 36 ± 5* 193 ± 12*,**

18:2n - 6/R PUFAs 43 ± 5* 232 ± 25*,** 31 ± 7* 204 ± 21*,** 49 ± 4* 209 ± 15*,**

R (n - 3)/R (n - 6) -21 ± 2* -39 ± 4*,** 11 ± 3 -40 ± 5*, ** -8 ± 2 -53 ± 4*, **

EtnGpl

R Monoethylenic/R Saturated 58 ± 3* 195 ± 13*,** 30 ± 3* 193 ± 13*,** 65 ± 7* 303 ± 25*,**

18:2n - 6 + 18:3n - 3/20:4 (n - 6) 49 ± 4* 107 ± 14*, ** 36 ± 4* 131 ± 19*,** 57 ± 6* 148 ± 17*,**

18:2n - 6/R PUFAs 33 ± 5* 121 ± 27*,** 27 ± 2* 97 ± 6*,** 38 ± 4* 106 ± 12*,**

R (n - 3)/R (n - 6) -7 ± 2 -11 ± 3 4 ± 1 -13 ± 2 -5 ± 1 -16 ± 4

PlsEtn

R Monoethylenic/R Saturated 74 ± 5* 303 ± 18*,** 28 ± 2* 298 ± 21*,** 76 ± 8* 355 ± 20*,**

18:2n - 6 + 18:3n - 3/20:4 (n - 6) 31 ± 3* 90 ± 6*, ** 19 ± 2 49 ± 3*,** 27 ± 3* 67 ± 5*,**

18:2n - 6/R PUFAs 35 ± 4* 76 ± 7*,** 15 ± 3 34 ± 5*,** 19 ± 3 46 ± 6*,**

R (n - 3)/R (n - 6) -6 ± 1 -5 ± 1 11 ± 2 10 ± 3 -7 ± 1 -12 ± 3

Data were calculated as percent change with respect to normal tissue of each individual sample

total lipids unfractionates (neutral plus polar) lipids, EtnGpl ethanolamine glycerophospholipids (PtdEtn + PakEtn + PlsEtn), PlsEtn plas-

malogen fraction of ethanolamine phospholipids

Calculations were averaged and expressed as the mean ± 1SM. n Indicates the number of samples within each category

Statistical differences (P \ 0.01) were noted as * for BL or NEO vs. control, and ** for NEO vs. BL
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Surprisingly, the early findings reported in this field on lipid

biochemistry have not been further developed for decades.

So, we expect that our contribution may stimulate future

research in this area.

Conclusions

To the best of our knowledge, this is the first time that a

biochemical marker derived from composition studies of

ethanolamine-containing plasmalogens provides a reliable

index capable of distinguishing between BL and NEO

tissues, and it correlates linearly with metastases spreading

in vivo. Lipid analyses were performed with minor

amounts of tissue and may be carried out with a relatively

low number of complex instruments. Samples could be

obtained during punch needle biopsy for histopathological

examination. Results displayed high Se and excellent

clinical correlation, and they would have interesting

applications in prognosis of the most frequently observed

human cancers.
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