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ABSTRACT

In recent years, free fatty acid binding proteins (FABPs) are implicated in spermatogenesis and sperm
morphology. FABPs are members of the intracellular lipid-binding protein family; they exhibit tissue
specific expression like the FABP9/PERF15 (Perforated15) male germ cell-specific fatty acid linkage-pro-
tein.

The aim of the study was to assess the levels of seminal FABP-9 in normozoospermic and oligozoo-
spermic men, and the possible relations between seminal FABP-9 levels and semen parameters.

Research was carried out on 60 male volunteers who were admitted to Selcuk University Faculty of
Medicine of Andrology Laboratory. Normozoospermic individuals (n = 30) were identified as Group 1,
and Oligozoospermic individuals (n = 30) were identified as Group 2. The semen samples were collected in
sterile plastic containers. Sperm parameters were assessed according to Kruger’s criteria. Seminal plasma
FABP-9 levels were analyzed by ELISA method. Outcomes were statistically evaluated at 0.05 significance
level with SPSS (22.0). The Receiver Operating Characteristic (ROC) curve was used to evaluate the
performance of FABP-9 levels as compared to that of the concentration and motility data of the sperm.
FABP-9 levels were significantly higher in normozoospermic individuals (3.41 + 1.64 ng/mL) than in
oligozoospermic individuals (1.99 + 0.78 ng/mL). There were significant correlations between FABP-9
levels and sperm concentration, total sperm count, motility, progressive motility, immobility, Total
Progressive Motil Sperm Count (TPMSC), head anomaly, and teratozoospermia index.
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We suggest that FABP-9 level is an important biomarker, and low levels of semen FABP-9 may impact
the fertility status based on the ROC findings.
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INTRODUCTION

Fatty acid binding proteins (FABPs) are members of the intracellular lipid-binding protein
family, and exhibit tissue-specific expression [1, 2]. FABPs are small (14-15 kDa) cytosolic
proteins that bind to unsaturated and saturated long-chain fatty acids (LCFAs), eicosanoids and
other lipids with high affinity [3, 4]. FABPs are known to be intracellular lipid chaperones
facilitating lipid distribution and responses. FABPs are key mediators in the regulation of
metabolic and inflammatory pathways inside the cell. FABPs also bind to intracellular hydro-
phobic ligands such as retinol, retinoic acid, bile salts and pigments [5].

Members of the FABP family show a wide primary structure homology ranging from 20 to
70% similarity of the amino acid sequences. There are minor structural differences between
isoforms; ligand selectivity and differences in binding activities (binding affinity and mecha-
nisms) that allow binding of long-chain fatty acids [6, 7].

FABPs are involved in lipid transfer to some compartments in the cell, such as to lipid
droplets for storage, to the endoplasmic reticulum for trafficking, signaling and membrane
synthesis, to mitochondria and peroxisomes for oxidation, to regulate the activity of cytosolic
enzymes, to the nucleus to regulate transcription of genes related to lipids through binding to
nuclear hormone receptors (NHRs). FABPs take a role as signaling molecules even outside the
cell [6-10]. The regulation of these diverse processes is accompanied by the expression of
multiple FABPs and may be driven by protein-protein and protein-membrane interactions [7].

Recent cell culture studies have demonstrated that FABPs potentially affect the uptake,
storage and extracellular delivery of fatty acids, as well as cholesterol and phospholipid
metabolisms [6].

It is shown that FABPs are expressed in mammalian tissue, and increase fatty acid transport
in the plasma membrane [11, 12]. Most FABPs absorb their ligands directly from the membrane
except the liver isoforms of FABP [9]. FABPs bring about changes in gene expression and lipid
metabolism. Therefore FABP leads to changes in whole body energy homeostasis [7]. Cyto-
plasmic FABPs are involved in the process of moving fatty acids from the plasma membrane
into the cytoplasm [13]. In addition, it is suggested that FABPs have important functions in the
transport, metabolism and storage of FA and/or protect other proteins and membranes from the
effects of high FA concentrations which are potentially deleterious [14].

FABP-9/PERF15 (Perforated 15) is a male germ cell-specific fatty acid linkage protein.
FABP-9 plays a role in the male reproductive system, especially in spermatogenesis. FABP-9 has
been identified in the first place as the main component of the murine sperm perforatorium and
perinuclear theca [1, 2].
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Due to FABP-9 localization in the spermatozoon, which lays between the inner acrosomal
and the outer nucleus membranes, it is presumed that this protein is required for sperm
development [15]. In addition, the composition of body fatty acids changes during spermato-
genesis and the abnormal fatty acid composition of sperm is related to infertility. Furthermore,
FABP could be influenced by changes in the composition of fatty acids [16, 17].

The binding affinity of FABP-9 for phospholipids of the opposite membranes of sperm’s
cytoplasmic organelles, i.e. acrosome and nucleus, causes mediated attachment of these mem-
branes, which is essential for species-specific head formation and fertilization [18, 19].

Therefore, FABP-9 seems to have a basic role in a successful fertilization. However, the
biological functions and mechanisms of FABP’s action are still not fully known. The number of
spermatozoa has been found to decrease significantly in the last 50 years. Furthermore, in about
one third of infertile males no infertility-related factor can be identified [20-22], and their
condition is defined as idiopathic infertility. Today, their medical history, physical examination
and scrotal ultrasound (US) and semen analysis are standard assessments in the determination
of the fertilization status of men [23]. In recent years, researchers have focused on the proteomic
analysis of seminal plasma or spermatozoa, because it is well-known that the presence, abun-
dance and post-translational modifications of proteins represent important information
regarding the biology of fertilization [24]. Therefore, advances in proteomics studies have
encouraged the search for new biomarkers of male infertility.

Based on this knowledge, the aim of our study was to determine the possible relationship
between FABP-9 levels and semen parameters in infertile male individuals and the differences
according to levels of FABP-9 between normozoospermic and oligozoospermic individuals.
FABP-9 levels were determined as ng/mL and ng/mg protein. One of our aims was to show
whether FABP-9 levels calculated as ng/mg protein could be a stronger differential diagnosis
than that calculated as ng/mL. In addition, we aimed to find a correlation between FABP-9 levels
calculated per mg semen protein and the performance of FABP-9 as a diagnostic test by
assessment with the Receiver Operating Characteristic curve (ROC).

MATERIALS AND METHODS

The study enrolled a total of 60 men in two groups, who were admitted to the IVF Center of
Department of Histology and Embryology of Medicine Faculty of Selcuk University. This study
was conducted with the permission of the Ethic Committee of Selcuk University with the
number of 2018/20 (decision date: 17th January, 2018). All the volunteers signed the “Informed
Patient Consent Form” as written informed consent in conformity with the ethical standards
and the Declaration of Helsinki Principles.

Two groups were formed in the study. Normozoospermic individuals (n = 30) with an age
range of 24-38 years were included as Group 1 (sperm concentration>15 million/mL); Oligo-
zoospermic individuals (n = 30) with an age range of 24-36 years were included as Group 2
(sperm concentration<15 million/mL). Those treated with any medication and chronic illness,
those with azoospermia and those who smoked were excluded from the study.

For the biochemical analysis, no extra semen samples were taken from the individuals. The
remaining semen samples were used for FABP-9 determination after evaluation of the sper-
myogram analysis. Samples were centrifuged at 1,000 rpm for 20 min. The supernatants were
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removed to eppendorf tubes to be stored at —80 °C until analyzation of the FABP-9 and protein
levels.

Seminal FABP-9 was assessed by the Mybiosource ELISA test kit (cat no: MBS918033,
sensitivity 0.047 ng/mL, reference range 0.188-12 ng/mL) obtained from MyBioSource, Inc.,
USA. The results were indicated as ng/mL and ng/mg protein. Total protein analysis was carried
out by the BioRad colorimetric kit (cat no: 500-0002) obtained from BioRad Laboratory Inc.,
USA. The results were indicated as mg/mL. Biochemical characterization of FABP-9 was per-
formed in experimental studies, with the properties of cell proteins taken into consideration. We
also calculated FABP-9 values per mg seminal protein in the study. In order to calculate the
FABP-9 as ng/mg seminal protein, total protein concentration (mg/mL) is divided by FABP
concentration (ng/mL). Therefore, FABP-9 values are normalized for mg protein based on total
protein values. For the analysis, Elisa Reader (BMG LABTECH, Germany) and Elisa Washer
(Rayto Microplate washer, RT2600, China) were used. Biochemical analyses were performed at
Medical Biochemistry and Physiology Research Laboratories within Selcuk University. Sper-
myogram analysis was evaluated according to WHO 2010 Kruger criteria [25]. Spermyogram
analyses were determined at Andrology Laboratory of Selcuk University.

Collection of sperm samples, storage and evaluation of spermyograms

The semen samples obtained by masturbation at the hospital after 2-6 days of abstinence were
collected in special sterile plastic containers. For liquefaction, samples were incubated at 37 °C
for 20 min, and evaluated within 1h of collection. Sperm parameters were assessed according to
the World Health Organization 2010 criteria [25] (semen volume 1.5 mL; sperm concentration
15 million/mL; total sperm count 39 million; total sperm motility 40%; progressive sperm
motility 32% A + B; and sperm morphology 4% Kruger criteria) and the results were recorded.
Smear preparations from semen samples were prepared and stained with ‘Spermac’ stain for
morphological evaluations. The percentages of normal and abnormal spermatozoa forms were
determined by scoring at least 100 spermatozoa per preparation.

STATISTICAL ANALYSIS

Statistical analyses were carried out with the SPSS program (version 22.0). The results were
described as minimum, maximum, mean + SD and median. Independent-T test was used to
compare differences between two independent groups when normally distributed. Mann-
Whitney U test was used when the groups were not normally distributed. Spearman and Pearson
correlations were used to assess the relationships between FABP-9 and semen parameters.
Outcomes were statistically evaluated at 0.05 significance level (95% confidence level). We
calculated the ROC curve, which is a graphical statistical method used to evaluate the perfor-
mance of diagnostic tests. The ROC curve is created at various threshold settings by plotting the
true positive rate against the false positive rate. The true-positive rate is known as sensitivity, the
false-positive rate is known as 1-specificity. The ROC curve determines the optimal cut-off point
and compares the performances of different diagnostic tests. ROC curves were drawn according
to the sensitivity and 1-specificity values of each diagnostic test. The areas under the curve
(AUC) were calculated. The SPSS 22.0 statistical package program was used for the ROC curve
method, and the results were evaluated at 5% significance level (95% confidence).



Physiology International 107 (2020) 3, 419-430 423

RESULTS

In the present study the mean age of the individuals in Group 1 was 31.16 + 6.36 years and in
Group 2 it was 29,66 + 4.90 years (P > 0.05). As shown in Table 1, the concentration of FABP-9
was significantly higher more than 1.5-fold in Normozoospermic individuals (3.40 + 1.64 ng/
mL) than in Oligozoospermic individuals (1.99 + 0.78 ng/mL). Furthermore, the concentration
of FABP-9 (ng/mg protein) was significantly higher (more than 3.5-fold) in Group 1 (0.70 +
0.37 ng/mg protein), compared to Group 2 (0.20 + 0.09 ng/mg protein). Total protein levels
were 10.60 + 2.6 mg/mL in Group 1 and 5.18 + 1.42 mg/mL in Group 2. The differences were
statistically significant.

The findings of the spermyogram analysis are shown in Table 2. The values of sperm
concentration, total number, total motility, progressive motility, non progressive motility,
immobility, Total Progressive Motil Sperm Count (TPMSC), normal morphology, head
anomaly, neck and tail anomaly, neck and middle part anomaly significantly differed between
the groups of Normozoospermic and Oligozoospermic individuals.

Correlation coefficient values and P-values of all groups are shown in Table 3. FABP-9 (ng/
mL) levels correlated significantly with Concentration, Total Number, Total Motility, Progres-
sive Motility, Immotility and TPMSC. In addition, FABP-9 levels calculated as per mg protein
were correlated with sperm Concentration, Total Number, Total Motility, Progressive Motility,
Non-Progressive Motility, Immotility, TPMSC, Normal Morpholgy, Head Anomaly, Neck
Middle Part Anomaly and Teratozoospermia Index.

As it well-known, Spermyogram analyses are used to determine whether or not an individual
is infertile, and are important markers today. In addition to these diagnostic tests, we evaluated
the performance of FABP-9 levels as compared to data of concentration and motility of the
sperm, which are currently used for evaluation. The ROC curve is shown in Fig. 1.

In Fig. 1, ROC curves were plotted according to sensitivity and 1-specificity values for 4
different diagnostic tests and were given as the areas in the following Tables 4 and 5.

In Fig. 1, sensitivity and specificity of FABP-9 (ng/mL), FABP-9 (ng/mg protein), sperm
concentration and motility are compared at different decision points. It is important to note that
these are the least false positive at the highest susceptibility points; FABP-9 (ng/mg protein)
reaches to the 0.964 threshold and motility to the 0.823 threshold at its highest determinant.
When we sort the positive determinants from highest to lowest according to the AUC values, the
order is sperm concentration, FABP-9 (ng/mg protein), motility and FABP-9 (ng/mL). Thus, the

Table 1. Seminal plasma FABP-9 and total protein concentrations of the groups

Normozoospermic (n = 30) Oligozoospermic (n = 30)
Groups Min-Max Median Mean + SD  Min-Max Median Mean + SD
FABP-9 (ng/mL) 1.17-7.21 341 3.40 + 1.64*  0.54-3.05 1.85 1.99 £ 0.78
FABP-9 (ng/mg protein) 0.27-1.54 0.60 0.70 + 0.37*  0.07-0.39 0.20 0.20 £+ 0.09

Total protein (mg/mL) 5.78-15.92 11.01 10.60 + 2.6  1.98-8.64 5.11 518 + 1.42

* P = 0.000 < o = 0.05 vs. normozoospermic and oligozoospermic group. FABP9- Fatty acid binding
protein-9. n — number of the individuals; Min-minimum; Max-maximum; ** P = 0.000 < « = 0.01 vs.
normozoospermic and oligozoospermic group.
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Table 2. Sperm parameters and incidences of morphologic anomalies in the normozospermic and
oligozospermic groups (mean =+ SD)

Sperm parameters Normozoospermic oligozoospermic P-value
Volume (mL) 3.64 + 1.47 4.28 + 1.51 0.071
Concentration (million/mL) 54.27 + 22.33 4.69 + 4.41 0.000**
Total number (million) 187.71 + 82.27 20.51 + 20.81 0.000**
Total motility (%) 7341 + 7.97 61.89 + 11.14 0.000**
Progressive motility (%) 59.72 + 10.85 39.69 £ 15.05 0.000**
Non progressive motility (%) 13.69 + 3.74 20.35 + 7.82 0.001**
Immotility (%) 26.59 + 4.31 37.30 + 10.48 0.000**
TPMSC (million) 115.66 + 55.80 8.99 + 10.51 0.000**
Normal morpholgy (%) 2.10 + 0.61 1.38 + 0.52 0.010**
Head anomaly (%) 88.77 + 191 91.00 + 1.60 0.004**
Amorphous head (%) 76.93 + 3.28 79.25 + 4.52 0.110
Large head (%) 437 +2.25 5.50 + 4.81 0.610
Small head (%) 2.37 + 1.63 2.13 + 1.81 0.739
Long head (%) 433 + 3.11 3.63 + 2.39 0.555
Multiple head (%) 0.77 + 1.48 0.50 + 0.76 0.930
Neck and tail anomaly 9.07 + 1.82 7.63 + 1.30 0.034*
Neck middle part anomaly 12.67 + 2.51 16.88 + 3.27 0.000**
Tail anomaly (%) 14.60 + 3.77 13.75 + 2.82 0.557
Double tail (%) 1.30 + 1.12 1.13 + 1.55 0.720
Tail stump (%) 0.47 + 0.68 0.38 + 0.74 0.686
Dag defect (%) 6.67 + 2.70 6.38 + 2.45 0.792
Long tail (%) 0.40 + 0.72 0.43 + 0.79 0.955
Short tail (%) 5.83 + 1.88 5.50 + 1.51 0.562
Teratozoospermia index 1.28 + 0.052 1.31 + 0.032 0.058

* P = 0.000 < o = 0.05 vs. normozoospermic and oligozoospermic group.
** P = 0.000 < o = 0.01 vs. normozoospermic and oligozoospermic group.

data show that the concentration of FABP-9 is a very important determinant that cannot be
ignored.

AUC values of each test were found statistically significant. The highest area was found to be
Sperm Concentration and the smallest area, FABP-9 (ng/mL) test. The P-values for comparison
of the diagnostic tests are given in Table 5.

There was no statistically significant difference between sperm concentration and FABP-9
(ng/mg protein) tests (P = 0.0722>« = 0.05). Similarly, there was no statistically significant
difference between Motility and FABP-9 (ng/mL) diagnostic tests (P = 0.1516>a = 0.05).
Differences between other diagnostic tests were found to be statistically significant
(P < a = 0.05). Therefore, our findings indicate that FABP-9 (ng/mg protein) levels can be used
as a biochemical test with the diagnosis based on semen motility values in determining the
normozoospermic or oligozoospermic status of individuals. These findings also indicate that
FABP-9 (ng/mg protein) (0.964) is more predictive than motility (0.823) when evaluated on the
basis of AUC value.
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Table 3. The Correlations between FABP-9 (ng/mL), FABP-9 (ng/mg protein) concentrations and Semen

Parameters in the combined groups (n = 60)

FABP-9 (ng/mL)

FABP(ng/mg protein)

Sperm parameters ’ P r P
Volume (mL) —0.079 0.554 —0.174 0.187
Concentration (million/mL) 0.491 0.000* 0.753 0.000*
Total number (million) 0.471 0.000* 0.719 0.000*
Total motility (%) 0.275 0.039* 0.508 0.000*
Progressive motility (%) 0.300 0.021* 0.538 0.000*
Non progressive motility (%) —0.047 0.729 —0.278 0.035%
Immotility (%) —0.274 0.039* —0.508 0.000*
TPMSC (million) 0.349 0.007* 0.621 0.000*
Normal morpholgy (%) 0.207 0.213 0.452 0.004*
Head anomaly —0.148 0.376 —0.416 0.009*
Amorphous head (%) —0.020 0.903 —0.152 0.363
Large head (%) —0.025 0.887 —0.079 0.647
Small head (%) 0.171 0.312 0.261 0.118
Long head (%) —0.122 0.467 —0.103 0.539
Multiple head (%) —0.091 0.593 0.011 0.948
Neck and tail anomaly 0.086 0.610 0.268 0.103
Neck middle part anomaly —0.209 0.207 —0.411 0.010*
Tail anomaly (%) —0.202 0.223 —0.177 0.288
Double tail (%) —0.308 0.060 —0.159 0.341
Tail stump (%) —0.316 0.053 —0.220 0.184
Dag defect (%) —0.040 0.786 0.032 0.850
Long tail (%) —0.094 0.581 —0.138 0.414
Short tail (%) 0.136 0.416 0.018 0.914
Teratozoospermia index —0.094 0.576 —0.350 0.031*

*P<0.05; FABP-9 - Fatty acid binding protein-9. TPMSS - Total progressively motile sperm count.
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Table 4. ROC curve fields and P-values

Area under curve (AUC) P-value
Sperm concentration 1.000 0.000
FABP-9 (ng/mg protein) 0.964 0.000
Sperm motility 0.823 0.000
FABP-9 (ng/mL) 0.766 0.001

FABP-9 - Fatty acid binding protein-9.

Table 5. P-values for comparison of diagnostic tests and FABP-9 measurements

Sperm Sperm FABP-9 (ng/ FABP-9 (ng/mg
concentration motility mL) protein)
Sperm - 0.0015 0.0004 0.0722
concentration
Sperm motility - - 0.1516 0.0003
FABP-9 (ng/mL) - - - 0.0003

FABP-9 - Fatty acid binding protein-9.

DISCUSSION

As is known, if a high percentage of spermatozoa are abnormal, fertility decreases [26].
Therefore, spontaneous germ cell death, which eliminates defective or unnecessary germ cells,
can be considered a quality control mechanism [16]. It was found that FABP-9 was initially
expressed in programmed cell death of spermatoids [27].

Research shows that changes in fatty acid composition during spermatogenesis and
abnormal fatty acid composition in sperm lead to infertility [17]. In addition, it seems that the
protein could have an influence on programmed death of spermatocytes and development as
well as a protective role against oxidation of sperm fatty acids (FA), which in turn increases
fertility potential, thus maintaining their ability to fertilize oocytes [27].

On the other hand, FABP-9 is one of the members of the FABP gene family found only in
the mammalian genome [15, 28]. In a recent study, it was shown that the absence of sperm
FABP-9 affects the sperm morphology of mice [2].

Jamshidi et al. (2014) studied potential mutations in FABP-9 of infertile men which could
affect human sperm morphology and fertility and provided evidence showing that FABP-9 may
be effective in spermatogenesis, sperm shaping and perhaps human fertility. However, they did
not observe any mutations in the exonic coding regions. They did not analyze the promoter or
introns 1 and 2; they recommended analyzing the promoter. Thus conclusions regarding the
relations of these genes with sperm dysmorphology and the role of FABP-9 in reproduction are
still unavailable [1]. However, genes involved in the development of sperm morphology have
been identified (globozoospermia 15). It is thought that they may be used as a markers.
Therefore, it seems that finding candidate genes for use as genetic markers is the right approach
in the diagnosis of male infertility [1].
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As is known, the testis is a gonad composed of different sections and cell types. Although
FABP-9 has been shown to be expressed in the testis, according to Jamsidi et al. (2014) there is no
evidence to show the specific role of gene expression in the human testis. Possibly, the protein is
expressed in a different type of human testicular cell, such as interstitial tissue cells. Due to the
importance of the role of interstitial tissue protein induction which supports meiosis, growth and
synchronization of germ cells in Leydig cells, FABP-9 may contribute an indispensable and still
unknown role in human fertility. Due to their limited research on human FABP-9, Jamshidi et al.
(2014) could not determine the exact function of the protein and the related mechanism in humans
[1]. However, Selveraj et al. (2010) reported that FABP-9 could be detected up to the 16th day of
testicular development, but marked expression could only be seen in late-prolonging spermatids in
mice [2]. Mice lacking FABP-9 developed sperm head abnormalities but were fertile. They show
increased morphological defects in their sperm structure relative to wild-type mice [2]. Sosnin et al.
(2019) performed a study on blood serum and seminal plasma of healthy and oligozoospermic men.
According to their findings, seminal plasma FABP-9 levels were higher in the healthy group than in
infertile men (P = 0.01082), but serum levels did not show any differences between the groups [29].

Our findings are similar to those reported by Kido et al. [27], Selveraj et al. [2] and Sosnin et al.
[29]. Our findings on relationships between FABP-9 levels and sperm motility as well as sperm
anomalies in infertile individuals are also consistent with the results of Pouresmaeili et al. [30].
Their study is the first to report that FABP-9 is found in the sperm head, between the inner
acrosome and the outer nuclear membrane [30]. In our study, we elucidated the possible
relationships between testicular fatty acid binding protein levels and semen parameters in infertile
individuals. The other important result of our study is that, whereas FABP-9 levels (ng/mg protein)
decrease in seminal plasma, the percentage of sperm with normal morphology also decreases. In
addition, the teratozoospermia index, i.e. the number of morphological anomalies per sperm increases
significantly. Our results of significant relationships between FABP-9 and semen parameters, and the
significant difference between normozoospermic and oligozoospermic individuals in terms of FABP-9
(ng/mL) and FABP-9 (ng/mg protein) levels support the assumption that FABP-9 might be a
biomarker. Positive relationship between FABP-9 levels and sperm motility might be a sign of the
sperm’s protection from damage by toxins, drugs, and chemicals. As a result, there are significant
differences between groups of normozoospermic and oligozoospermic individuals according to
FABP-9 values. FABP-9 levels were lower in oligozoospermic males, and correlated with the majority
of semen parameters. We presume that this protein is required for fertilization. We suggest that, based
on its significant correlation with the results of spermiograms, FABP-9 level might be a biomarker.
Low FABP-9 levels in the semen may also reflect the fertilization status.

Another important finding of our study is that FABP-9 levelscalculated as per mg protein are
more accurate than those calculated as ng/mL.

Information about the mechanism of FABP-9 which is thought to have a role in fertilization
is limited in the world literature. The present study is the first biochemical study that evaluates
the importance of FABP-9 on the basis of ROC curves in the semen of individuals with Nor-
mozoospermia and Oligozoospermia.

CONCLUSION

Our results show that FABP-9 is associated with the mechanism of fertility. FABP-9 may
contribute a new approach for future studies on the biochemical mechanisms of male infertility
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and on the development of therapeutic modality. The diagnostic and prognostic criteria of the
fertilization status are currently fulfilled by the spermyogram. According to our result, FABP-9
levels provide analysis results equivalent with those of a spermyogram test.
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