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Abstract

Objectives The present study aims to specify the role of

L-carnitine in the pathogenesis of endometrial cancer by

comparing the serum total L-carnitine levels of endometrial

cancer patients with those of healthy women.

Methods Serum total L-carnitine concentrations were

measured in patients with endometrioid-type endometrial

cancer (n = 20) and healthy controls (n = 20) who were

matched with respect to age and body mass index (BMI).

Results Stage I endometrial cancer was diagnosed in 12

women (60.0 %) whereas three women (15.0 %) had stage

II disease, three women (15.0 %) had stage III disease and

two women (10.0 %) had stage IV disease. The healthy

controls and endometrial cancer patients were statistically

similar in aspect of age, gravidity, parity, BMI, waist-to-

thigh ratio, waist-to-hip ratio, menopause, complete blood

count parameters, and serum biochemistry. Serum total L-

carnitine levels of women with endometrial cancer were

significantly lower than those of healthy women (respec-

tively, 5,519.4 ± 2,712.5 vs 7,940.8 ± 3,566.6 ng/dl,

p = 0.021). Moreover, serum total L-carnitine levels

decreased significantly and progressively with advancing

stage (stage I vs II vs III vs IV; 6,294.0 ± 2,885.1 vs

5,800.0 ± 441.2 vs 4,016.0 ± 2,833.3 vs 2,560.0 ±

67.9 ng/dl; p = 0.021).

Conclusions This is the first study to hypothesize that L-

carnitine deficiency participates in the pathogenesis of

endometrial cancer by means of a mechanism which is

unrelated with obesity and increased amount of fat in

human body.
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Introduction

Endometrial cancer is the most commonly encountered

cancer of the female genital tract and the lifetime risk of

being diagnosed with endometrial cancer is approximately

2.45 % (1 in 41) [1]. According to the American Cancer

Society, 47,130 new cases of endometrium cancer were

diagnosed and 8,010 deaths related with this disease

occurred in 2012 [2]. These figures indicate that a notable

success has not yet been achieved for survival from

endometrial cancer despite the advancement in diagnostic

tools and treatment options. Thus, recent research is

directed towards the cellular signaling pathways and bio-

chemical mechanisms which participate in the etiopatho-

genesis of the disease [3].

Carnitine is a naturally occurring compound which is

synthesized from the amino acids lysine and methionine.

This molecule is derived from either endogenous synthesis

within hepatic and renal tissues or exogenous dietary

sources such as red meat and dairy products. Its biologi-

cally active form is L-carnitine which is required for the

transport of fatty acids from the cytosol into the mito-

chondria (where beta-oxidation enzymes are located for

ATP production) during the breakdown of lipids [4]. Being

primarily located within the mitochondria of living cells,
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L-carnitine also possesses potential protective effects

against many mitochondrial toxins [5].

Endometrial carcinoma is generally accepted to be

estrogen responsive and the main risk factor for this disease

is long-term exposure to excess endogenous or exogenous

estrogen, without adequate opposition by a progestin. In

other words, increasing age, early menarche and late

menopause are associated with endometrial cancer. Other

risk factors include obesity, nulliparity, diabetes mellitus,

and hypertension [3]. It has been demonstrated that L-car-

nitine is depleted in elderly people and L-carnitine defi-

ciency is related with obesity. Moreover, serum carnitine

concentrations are lower in individuals with chronic dis-

eases such as hypertension and diabetes mellitus [6, 7].

The present study aims to specify the role of L-carnitine

in the pathogenesis of endometrial cancer by comparing the

serum total L-carnitine levels of endometrial cancer

patients with those of healthy women.

Materials and methods

Study design

This prospective case–control study was conducted at the

department of obstetrics and gynecology in Afyon Koca-

tepe University Medical Faculty Hospital. The research

protocol and consent procedures were approved by the

Ethical Committee and Institutional Review Board of the

study center and complied with the standards in the Dec-

laration of Helsinki for Medical Research involving

Human Subjects. All of the participants were informed

about the study protocol and written informed consent was

obtained from each subject.

Patients

The present study reviews 20 women who were sequen-

tially diagnosed with endometrioid-type endometrial can-

cer and 20 healthy women who were admitted to the study

center for menopause check up. The women with endo-

metrial cancer and the healthy controls were matched with

respect to age and body mass index. Endometrial cancer

was diagnosed by the histopathological assessment of

endometrial tissue specimens.

The age, gravidity and parity of the recruited subjects

were recorded. After the height and weight of each par-

ticipant were measured, body mass index (BMI) can be

calculated by the following formula: Body mass index

(kg/m2) = Body weight (kg)/Height2 (m2).

Following revised FIGO staging, surgical staging was

performed for every participant diagnosed with endome-

trial cancer [8]. All patients underwent surgical staging

comprised of inspection of intraperitoneal cavity, perito-

neal washing, total hysterectomy, bilateral salpingo-ooph-

orectomy, and pelvic and para-aortic lymphatic sampling.

Exclusion criteria included the use of L-carnitine tablets

as well as cardiovascular diseases, thyroid diseases, renal

and hepatic dysfunction and concurrent or previous

malignant disease. During the study period, three endo-

metrial cancer patients and two healthy controls were

diagnosed with diabetes mellitus and they were excluded

from the study.

Laboratory studies

After clinical evaluation is finished, three blood samples

were drawn from each participant by standardized phle-

botomy technique. The first blood sample was designated

to make complete blood count while the second blood

sample was reserved for biochemical analysis. Complete

blood count and biochemical analysis were accomplished

by an automated analyzer (Cobas 6000 C501, Roche

Applied Sciences, Basel, Switzerland) which was using

commercially available diagnostic kits (Roche Diagnostics,

Mannheim, Germany).

The remaining blood samples were reserved for the

measurement of serum total L-carnitine levels which were

determined before surgery was performed. These blood

samples were centrifuged at 4,000 rpm for 10 min to

remove cellular contents. Then the supernatants were col-

lected and stored at -80 �C until the total L-carnitine levels

were determined. After the frozen samples were thawed,

serum total L-carnitine concentrations were measured by

means of cytokine-specific and enzyme-linked immuno-

sorbent assays (Cusabiotech Biotech, Wuhan, Hubei

Province, China). The assays had a range of standards

differing from 0.5 to 100.0 lmol/l. The inter- and intra-

assay coefficients of variation were \5 % and, to avoid

inter-assay variance, samples from endometrial cancer

patients and healthy controls were measured in parallel and

duplicate.

Statistical analysis

Collected data were analyzed by Statistical Package for

Social Sciences version 18.0 (SPSS, SPSS Inc, Chicago,

IL, USA). Continuous variables were expressed as

mean ± standard deviation (range: minimum–maximum)

whereas categorical variables were expressed as numbers

or percentages. Smirnov–Kolmogorov test was used to test

the data distribution. Independent samples t test and Mann–

Whitney U test were utilized to compare the continuous

and categorical variables of endometrial cancer patients

and healthy controls. The alterations in serum total L-car-

nitine levels with respect to endometrial cancer stage were
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analyzed by one-way ANOVA test. Two-tailed p values

\0.05 were accepted to be statistically significant.

A post hoc analysis was carried out to make a retro-

spective power analysis and it was determined that a cohort

size of 40 women (20 healthy controls and 20 patients with

endometrial cancer) had 67.6 % power to detect a differ-

ence at the 0.05 significance level.

Results

This study reviews 20 healthy women and 20 women with

endometrioid-type endometrial tumor who were matched

with respect to age and measures of obesity. Stage I disease

was diagnosed in twelve women with endometrial cancer

(60.0 %). Approximately 42 % of these women (5 out of

12) had stage IA disease whereas 58 % of them (7 out of

12) had stage IB disease. Three women (15.0 %) were

diagnosed with stage II endometrial cancer while three

women (15.0 %) had stage III disease and two women

(10.0 %) had stage IV disease.

The healthy controls and endometrial cancer patients

were statistically similar in aspect of similar age, gravidity,

parity, height, body weight, BMI, waist-to-thigh ratio,

waist-to-hip ratio and menopausal status (respectively,

p = 0.103, p = 0.392, p = 0.647, p = 0.426, p = 0.252,

p = 0.144, p = 0.513, p = 0.666 and p = 0.661). When

compared with healthy controls, the frequency of hyper-

tension was significantly higher in women with endome-

trial cancer (p = 0.019) (Table 1). The healthy controls

and endometrial cancer patients had statistically similar

complete blood count parameters, plasma glucose

concentrations, lipid profiles, and hepatic and renal func-

tion tests (p [ 0.05 for each) (Table 2).

Serum L-carnitine concentrations of women with endo-

metrial cancer were found to be significantly lower than

those of healthy women (respectively, 5,519.4 ± 2,712.5

vs 7,940.8 ± 3,566.6 ng/dl, p = 0.021). It was also found

that serum L-carnitine levels decreased significantly and

progressively with advancing stage (stage I vs II vs III vs

IV; 6,294.0 ± 2,885.1 vs 5,800.0 ± 441.2 vs

4,016.0 ± 2,833.3 vs 2,560.0 ± 67.9 ng/dl; p = 0.021)

(Fig. 1). There were no statistically significant correlations

among age, gravidity, parity, height, measures of obesity

and L-carnitine levels.

Discussion

Endometrioid histology is associated with unopposed

estrogen, intraepithelial neoplasia with the endometrium,

and younger patient age. A combination of hormonal fac-

tors and mutational events has been proposed as the cause

of endometrioid-type endometrial cancer. That is, gene

expression in the endometrium varies with the hormonal

environment and the genes that are most commonly

expressed in secretory endometrium are scarcely found in

endometrial carcinomas. From the standpoint of gene

expression profiling, these neoplasms resemble

Table 1 Demographic and clinical characteristics of endometrial

cancer patients and healthy controls

Endometrial cancer

(n = 20)

Healthy controls

(n = 20)

p

Age (years) 57.2 ± 12.8 50.1 ± 12.9 0.103

Gravidity 2.5 ± 1.0 2.8 ± 1.5 0.392

Parity 1.4 ± 0.7 1.5 ± 0.7 0.647

Height (m) 1.58 ± 0.06 1.60 ± 0.08 0.426

Body weight (kg) 93.8 ± 8.9 90.4 ± 9.6 0.252

Body mass index

(kg/m2)

37.8 ± 3.9 35.7 ± 4.8 0.144

Waist-to-thigh

ratio

1.9 ± 1.1 1.6 ± 0.7 0.513

Waist-to-hip

ratio

1.4 ± 0.8 1.2 ± 0.7 0.666

Post-menopause 18 (90.0 %) 16 (80.0 %) 0.661

Hypertension 3 (15.0 %) 0 (0.0 %) 0.019*

* p \ 0.05 was accepted to be statistically significant

Table 2 Laboratory data of endometrial cancer patients and healthy

controls

Endometrial

cancer (n = 20)

Healthy controls

(n = 20)

p

Hemoglobin (g/dl) 12.4 ± 1.4 12.5 ± 1.0 0.782

Leukocyte count

(9103/mm3)

10.0 ± 2.2 10.8 ± 2.7 0.319

Platelet count

(9103/mm3)

227.6 ± 72.5 199.1 ± 66.7 0.220

Urea (mg/dl) 6.7 ± 1.7 7.5 ± 3.2 0.299

Creatinine (mg/dl) 0.48 ± 0.11 0.51 ± 0.11 0.408

Glucose (mg/dl) 91.0 ± 23.9 92.5 ± 29.5 0.861

Alanine transferase

(U/l)

13.4 ± 6.2 12.8 ± 4.8 0.708

Aspartate

transferase (U/l)

18.7 ± 6.0 19.1 ± 5.0 0.876

Triglycerides

(mg/dl)

299.2 ± 137.4 273.8 ± 116.9 0.533

Total cholesterol

(mg/dl)

239.1 ± 41.6 241.8 ± 44.8 0.844

HDL (mg/dl) 56.3 ± 13.0 60.3 ± 12.1 0.317

LDL (mg/dl) 139.3 ± 30.8 152.3 ± 47.7 0.311

VLDL (mg/dl) 59.5 ± 27.6 55.6 ± 24.0 0.636

* p \ 0.05 was accepted to be statistically significant
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proliferative endometrium rather than secretory epithelium.

This may explain, in part, the anti-neoplastic effect of

progestins [9].

The common genetic abnormalities identified in endo-

metrioid-type endometrial tumors include microsatellite

instability, K-ras and PTEN mutations, and defects in DNA

mismatch repair [10]. Loss of PTEN function appears to be

an early event in the carcinogenesis of endometrioid endo-

metrial adenocarcinomas, possibly suggesting the ‘‘gate-

keeper’’ role for this gene [11]. Moreover, the expression of

PTEN protein is reduced in normal endometrium exposed to

unopposed estrogen, and this reduction becomes prominent

with increasing age [12, 13]. As for p53 mutations, they

occur infrequently in the late periods of development of

endometrioid-type endometrial cancer [14].

About 20 % of sporadic endometrioid endometrial car-

cinomas demonstrate a molecular phenotype referred to as

microsatellite instability (MSI). Microsatellites are short

segments of repetitive DNA bases that are scattered

throughout non-coding DNA. The MSI refers to the ten-

dency to develop changes in the number of repeat elements

due to DNA repair errors made during replication. This

phenomenon is an early event in carcinogenesis due to

inactivation of intranuclear proteins of the DNA mismatch

repair system (i.e., MSH-2, MLH-1, and MSH-6). This

defect is also seen in patients who have colon carcinoma

associated with hereditary non-polyposis colorectal cancer

syndrome [12–14].

Although L-carnitine has been widely marketed as a

weight-loss supplement, no scientific evidence shows that

it improves weight loss. However, oral L-carnitine intake

reduces fat mass, increases muscle mass, improves lipid

profile and attenuates fatigue [15, 16].

The updated literature has emphasized the importance of

L-carnitine in the development of malignancies. Initially, it

has been demonstrated that L-carnitine inhibits pre-neo-

plastic lesions and prevents the carcinogenesis within the

hepatic tissues of Long Evans Cinnamon rats [17, 18]. It

has been reported that mitochondrial dysfunction plays an

essential role in the hepatocarcinogenesis via the produc-

tion of reactive oxygen species (ROS). That is, L-carnitine

is primarily located in mitochondria and the paucity of this

compound may aggravate mitochondrial injury [19]. This

finding is further supported by earlier studies which point

out that carnitine deficiency should be viewed as an

underlying risk factor in cisplatin-induced nephrotoxicity,

cardiomyopathy and hepatotoxicity. These studies claim

that carnitine effectively inhibits mitochondrial injury

induced by ROS and mitochondria-dependent apoptosis

[20–22]. In addition, administration of L-carnitine facili-

tates beta-oxidation so that the accumulation of free fatty

acids and their toxic intermediates is inhibited, thus pre-

venting their harmful effects on mitochondrial and cell

membranes [5, 21].

Moreover, it was observed that L-carnitine administra-

tion efficiently suppressed the formation of neoplastic

lesions in the mice that had 1,2-dimethylhydrazine (DMH)-

induced colon cancer. Such an effect has been attributed to

the annihilation of ROS or the reinforcement of DNA

mismatch repair system within the colon epithelium [23].

Fig. 1 Serum L-carnitine levels

of healthy controls and

endometrial cancer patients with

respect to stage
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A Polish study conducted by Gaudet et al. compared the

serum metabolic profiles of 250 healthy women and 250

women with endometrial cancer. The levels of C5-acyl-

carnitines, octenoylcarnitine and decatrienoylcarnitine

were reported to be significantly lower in women who had

endometrial cancer. Nevertheless, the endometrial cancer

patients and the healthy controls were not matched with

respect to age, BMI and other measures of obesity [24].

To the best of our knowledge, this is the first study to

hypothesize that L-carnitine deficiency participates in the

pathogenesis of endometrial cancer by means of a mech-

anism which is unrelated with various measures of obesity.

Since factors such as sex, age, nutritional status, and

chronic diseases influence the serum concentrations of

carnitine in human being, a case–control design was

adopted for the present study. Therefore, endometrial

cancer patients and healthy controls were matched with

respect to sex, age, and the measures of obesity. Yet, the

power of the present study is limited by the smaller cohort

size, the lack of longitudinal data and the significantly

higher frequency of hypertension in the endometrial cancer

group.

The findings of the present study suggest that L-carni-

tine deficiency has a role in the pathogenesis of endo-

metrial cancer and this association seems to be

independent of obesity. This hypothesis can be supported

by the significantly lower serum total L-carnitine levels in

endometrial cancer patients when compared to the healthy

controls who are matched with respect to the measures of

obesity. The depletion of L-carnitine within the mito-

chondria of endometrial cells may cause a failure in the

clearance of toxic metabolites and, thus, the accumulation

of these metabolites may impair mitochondrial functions.

Moreover, the diminution in L-carnitine concentration

may trigger a disturbance in DNA repair systems oper-

ating within the endometrial cells. Both mechanisms may

contribute to the carcinogenesis process. This presump-

tion is also supported by the significant and progressive

decrease in serum total L-carnitine level with concurrent

advance in endometrial cancer stage. Thus, it can be

suggested that long-term L-carnitine supplementation may

be adopted to prevent, slow or reverse the occurrence of

endometrial tumors.

In vivo studies are warranted to clarify the probable

association between L-carnitine deficiency and endometrial

carcinomas. Furthermore, randomized placebo-controlled

studies are required to determine whether nutritional sup-

plementation of L-carnitine would help to gain to control

over endometrial carcinogenesis.
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