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Vimentin 3 Allows Differentiation between Normozoospermia
and Oligoasthenoteratozoospermia
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Vimentin is a structural protein predominantly located in the head of sperms. The function and localization of the previously
identified truncated version, Vimentin 3 (Vim3), are still unknown. To investigate whether the expression of Vim3 can be
used as a reliable marker for the differentiation of sperm quality, we analyzed ejaculates from patients with
oligoasthenoteratozoospermia (OAT) syndrome and normozoospermia. We identified sperms with head, neck, and tail changes,
which were less positive for Vim3 in OAT syndrome compared to normozoospermia. The expression of Vim3 was significantly
downregulated in patients with OAT syndrome compared to sperms from patients with normozoospermia (∗∗p < 0:01). The
ELISA analysis showed similar results as ejaculates from normozoospermic patients showed a significantly higher Vim3
concentration than patients with OAT syndrome (∗∗∗p < 0:001). This study demonstrates that Vim3 is more highly expressed in
ejaculates from patients with normozoospermia compared to ejaculates from patients with OAT syndrome. Therefore, we
postulate that Vim3 can be used to determine ejaculate quality. Furthermore, we identified the marker, Vim3, to differentiate
between mature sperms with no morphological changes and sperms with head, neck, and tail changes. A lateral flow assay that
allows quick analysis is currently under development.

1. Introduction

Around 30 million men worldwide are infertile with the
highest rates in Africa and Eastern Europe [1]. Several differ-
ent causes of infertility in men exist [2]. Possible causes
include gonadal disorders (30-40%), disorders affecting sperm
transport (10-20%), and hypothalamic or pituitary disorders
(1-2%) [3]. However, most of the causes of infertility are
unknown (40-50%).

Sperm abnormalities can be caused by different factors,
such as inflammation of the testis, varicoceles, abnormally
developed testis, genetic disorders, or hormone problems [3].

Vimentin is a structural protein and is predominantly
expressed in the head domain of sperms [4]. Prior analyses

showed that an asymmetric distribution of Vimentin in
sperm cells is correlated with different structural defects in
spermatozoa [5].

As previously published, Endothelin-1 (ET-1) is respon-
sible for the expression of a truncated variant of Vimentin
[6], called Vimentin 3 (Vim3). This truncation process is
induced by miRNA 498 binding to its complementary
sequence on the DNA, which results in a transcriptional stop.
This shorter mRNA strand is translated into Vim3, a biolog-
ically functional protein [7].

Consequently, the normal full-length Vimentin protein,
which can be found in the head and tail domains of sperms,
is no longer synthesized. It was furthermore shown that
Vim3 is upregulated in benign kidney tumors [6], which
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are associated with the presence of high numbers of nonfunc-
tional mitochondria. Therefore, the question has been raised
whether other cells in the human body that also give rise to
nonfunctional mitochondria, likewise showing Vim3 pro-
duction. In sperms, mitochondria are predominantly present
in the neck domain. Nekrasova et al. found that Vimentin
represents an important anchor for mitochondria [8]. Maggi
et al. demonstrated that normozoospermic ejaculates show
the highest ET-1 expression [9]. Consequently using this
method Vim3 not only can be used to identify normozoos-
permia but can also help to reveal if patients suffer from oli-
goasthenoteratozoospermia [9].

2. Material and Methods

2.1. Ejaculates. The patients’ ejaculate (n = 27) samples were
analyzed and categorized according to the nomenclature of
the WHO (World Health Organization) from 2010. The
study complies with the Declaration of Helsinki, and local
ethics committee approval was obtained (BioMASOTA, Uni-
versity Hospital of Cologne, file references 12–163). All sam-
ples were taken from the present biobank (Table 1). Samples
were stored at -20°C.

2.2. Immunofluorescence. For each ejaculate sample, 100μl
was centrifuged at 2500 × g. The pellet was washed twice
with 500μl 1x PBS (PAN-Biotech GmbH, Aidenbach,
Germany) and centrifuged again at 2500 × g. After washing,
the pellet was diluted in 25μl 1x PBS and 10μl were spread
on superfrost slides (Thermo Scientific, Menzel-Gläser,
Braunschweig, Germany). The slides were air-dried and
washed under running tap water. No further fixation
methods were used. The Vim3 (Davids Biotechnologie
GmbH, Regensburg, Germany) or V9 antibody (Santa Cruz
Biotechnology Inc., Dallas, USA), which detected the full-
length version of Vimentin, was diluted by a factor of
1 : 1000 in 1x PBS and incubated for 1 hour. After incubation,
slides were washed three times in 1x PBS. Subsequently, the
second antibody (FITC anti-rabbit or Alexa 594 anti-rabbit)
(Santa Cruz Biotechnology Inc., Dallas, USA) was added,
incubated for 30min, and again washed twice with 1x PBS.
Finally, the slides were covered with DAPI mounting
medium (Abcam, Cambridge, UK) and analyzed using the
fluorescence microscope Olympus DP7. For analysis pur-
poses, we used the DISCUS software.

2.3. Enzyme-Linked Immunosorbent Assay (ELISA). ELISA
was performed to determine the Vim3 or ET-1 concentration
in sperm cells. Therefore, the patient samples were washed 3x
times with 1x PBS. For this purpose, 96 noncoated well plates
(Brand GmbH + Co KG, Wertheim, Germany) were utilized
and, afterwards, 50μl of the patient samples was incubated
for one hour at room temperature. The washing procedure
was carried out three times using 1x PBS. Subsequently, the
specific Vim3 antibody (1 : 1000) (Davids Biotechnologie
GmbH, Regensburg, Germany) was incubated for one hour
at room temperature. After washing was performed twice,
the second antibody (1 : 5000) (Biomol GmbH, Hamburg,
Germany) was also incubated for one hour at room temper-

ature. Subsequent to performing the washing step twice
again, 50μl of the TMB ELISA solution was added and the
recreation phase was stopped using the stop solution (Bethyl
Laboratories, Inc., Montgomery, USA). The ELISA results
were obtained at 450nm. For the quantification of the ELISA,
a standard curve was produced using purified Vim3 peptide
(Davids Biotechnologie GmbH, Regensburg, Germany). For
the determination of the ET-1 expression, an ET-1 ELISA
kit (Wuhan Fine Biotech Co. Ltd., Wuhan, China) was used
according to the manufacturer’s protocol.

2.4. Statistics. In order to differentiate between normozoos-
permia and oligoasthenoteratozoospermia, ejaculates were
collected and stained with Vim3. The signal intensity pro-
duced by the normozoospermic samples was defined as
standard, and for each sample, 100 sperms were counted.
For statistical analysis purposes, we used the Prism 5
(GraphPad Software, San Diego, USA) software. A t-test
was performed, and significant differences were calculated
(∗p < 0:05, ∗∗p < 0:01, and ∗∗∗p < 0:001). All experiments
were performed as triplicate.

3. Results

We first analyzed the expression of ET-1 in sperm cells
comparing patients with normozoospermia and OAT syn-
drome. We found a significantly higher expression of ET-1
in normozoospermia compared to the OAT syndrome
(∗∗∗p < 0:001; Figure 1).

As a next step, we analyzed the localization and expres-
sion of Vim3, which is known to be upregulated by ET-1
[10]. In patients with normozoospermia, the Vim3 distribu-
tion was predominantly present in the neck and tail regions
of the sperm cells. The distribution of full-length Vimentin,
on the other hand, is predominantly present in the head
region of the sperm cells, especially in the equatorial segment
(Figure 2(a)). However, in the OAT syndrome, we were able
to detect a different distribution of the Vim3 variant in the
analyzed sperm cells. In OAT syndrome, Vim3 is predomi-
nantly expressed in the head domain and to a lesser extent
in the neck and tail domains (Figure 2(b)).

In order to calculate potential differences of the Vim3
expression between patients with normozoospermia and
OAT syndrome, we performed immunofluorescence analy-
ses. As depicted in Figure 2(c), we found a significant down-
regulation of the Vim3 expression in sperm cells from OAT
syndrome patients compared to those from patients with
normozoospermia (p < 0:001).

Figure 2(d) shows the levels of Vim3 expression in
spermatozoa of patients with normozoospermia and oli-
goasthenoteratozoospermia. It can be seen that the Vim3
concentration in spermatozoa from patients with OAT syn-
drome is significantly downregulated compared to those
from patients with normozoospermia (∗∗∗p < 0:001).

4. Discussion

The function and localization of the truncated version of
Vimentin, called Vim3, in spermatozoa is still unknown.
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To investigate the potential role of Vim3 as a biomarker
for sperm quality, we performed our study as an analy-
sis of ejaculates from patients with OAT syndrome and
normozoospermia.

We found that Vim3 accurately and reliably helps to
differentiate between mature sperm cells and sperm cells with

an abnormal shape. Furthermore, Vim3 protein shows reli-
able results for the differentiation between normozoospermia
and oligoasthenoteratozoospermia, even in frozen samples.
This is an important procedural improvement, because the
patient no longer has to provide the semen sample within a
restricted time period, as Vim3 can even be used in dated
ejaculate samples with dead spermatozoa in it.

Our group is developing a lateral flow assay that allows
the quick analysis of ejaculates, prior to performing time-
consuming semen evaluation. In addition, the time between
the first suspicion of infertility and its diagnosis can be
unbearably long and can therefore put a lot of strain on a
relationship. Using this much quicker method of sperm anal-
ysis shortens the period of uncertainty and helps to reduce
psychological pressure during the process of accurately iden-
tifying fertile sperm cells. However, until the lateral flow test
is integrated into clinical practice, a classical microscopic
ejaculate analysis should always be the first choice in order
to compare these results further.

Furthermore, the exact function of Vim3 in sperms
and the expression of this variant are currently unknown
and need to be further evaluated. According to unpub-
lished data, a correlation between increased Vim3 levels

Table 1: Ejaculate samples.

Age Normozoospermia
OAT

syndrome
Disease

Sperms
(Mio/ml)

Volume Mobility a + b Mobility c Mobility d
Normal
shape

32 X Wish to have children 290 3.5 49 8 43 5

34 X Wish to have children 183 3 66 0 34 5

23 X Testicular cancer 98 2 61 8 33 5

26 X Wish to have children 427 3.5 59 11 30 5

28 X Varicocele 137 2.5 72 4 24 4

39 X Wish to have children 209 2.2 72 5 23 4

44 X Wish to have children 351 3 59 5 36 5

43 X Wish to have children 207 1.5 82 10 8 5

38 X Wish to have children 188 2.5 86 5 9 5

43 X Wish to have children 492 2 51 4 45 4

42 X Wish to have children 385 3.5 74 2 24 4

42 X Varicocele 216 2 62 2 36 5

36 X Varicocele 240 2 56 4 40 5

32 X Wish to have children 243 2.8 44 0 56 5

36 X Wish to have children 189 2.2 47 0 53 8

34 X Testicular cancer 11 3.5 18 0 82 1

45 X Wish to have children 14 2.5 26 8 66 1

41 X Multiple sclerosis 11 4 23 0 77 2

28 X Testicular cancer 12 2.5 25 8 59 3

44 X Nicotine abuse 5 5 17 6 77 1

33 X Type 1 diabetes 15 3 26 9 65 0

26 X Wish to have children 10 2.2 31 1 68 4

22 X Varicocele 9 4 43 3 54 1

32 X Type 1 diabetes 6 5 17 6 77 1

26 X Testicular cancer 1 7 25 5 70 2

40 X Testicular cancer 9 3 17 8 75 1

23 X Testicular cancer 2 3.4 24 2 74 2
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Figure 1: ET-1 ELISA from washed sperms showing a significant
downregulation of ET-1 expression in OAT syndrome compared
to normozoospermia (∗∗∗p < 0:001).
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and increased mobility of cells was analyzed. Also, sperms
from a performed swim up test show high Vim3 positivity
(data not shown).

Limitations of this study are its small number of patients as
well as its single-center design.We therefore intend to enlarge
our cohort of patients leading to a larger number of samples.

5. Conclusion

The analysis of sperm cells with the newly developed Vim3
antibody accurately and reliably helps to differentiate mature
sperm cells from sperm cells with an abnormal shape. To the
best of our knowledge, Vim3 is the first marker that gives reli-
able insight into the formation of sperms, since its expression
is significantly decreased in sperm cells with head, neck, and
tail changes. Furthermore, routine staining techniques can be
more time-consuming than the immunofluorescence staining.

Data Availability
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Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Timo Funke, Melanie v. Brandenstein, Axel Heidenreich, and
Johannes Salem are equally contributing authors.

Acknowledgments

The project was funded by the Departmental Funding of the
Department of Urology, University Hospital of Cologne.

References

[1] A. Agarwal, A. Mulgund, A. Hamada, and M. R. Chyatte, “A
unique view on male infertility around the globe,” Reproduc-
tive Biology and Endocrinology, vol. 13, no. 1, p. 37, 2015.

[2] G. R. Dohle, G. M. Colpi, T. B. Hargreave et al., “EAU guide-
lines on male infertility,” European Urology, vol. 48, no. 5,
pp. 703–711, 2005.

Vimentin
V9

Vim3

Normozoospermia

(a)

Oligoasthenoteratozoospermia

Vim3 

Vimentin
V9

(b)

Vim3 expression

0

50

100

150

N
um

be
r o

f p
os

iti
ve

 sp
er

m
s

Normozoospermia OAT syndrome

⁎⁎

(c)

Vim3 ELISA

Normozoospermia OAT syndrome
25

30

35

40

45

50

55

Unpaired t-test
P value

P value summary
< 0.0001
⁎⁎⁎

ng
/𝜇

l

⁎⁎⁎

(d)

Figure 2: Vimentin staining of normozoospermia and OAT syndrome. (a) Immunofluorescence showing the expression of Vim3 (green) in
normozoospermia (blue) indicates the sperm head (DAPI). We showed that the localization of the Vim3 is predominant in the neck and tail
regions. The full-length Vimentin can be found in the lower row (red), which shows a dominant location in the head, especially in the
equatorial region. (b). Immunofluorescence analysis of spermatozoa from a patient with OAT syndrome. Vim3 is predominantly
detectable in the head and tail regions, whereas the distribution of the full-length variant is found in the head and therefore similar to the
distribution in ejaculates from normozoospermic patients. (Magnification ×100). The most part clearly structured distribution within the
equatorial region of the head. (c). Calculation of Vim3-positive sperms as shown in a boxplot. Fluorescence intensity showed a significant
downregulation in Vim3 expression in OAT syndrome compared to normozoospermic patients (∗∗p < 0:01); the intensity associated with
normozoospermia was defined as “standard” intensity. For each group, seven different samples were calculated, and 100 sperms were
counted per group. (d). ELISA analysis of Vim3 concentration in sperm cell showed a significant downregulation of Vim3 expression in
OAT syndrome compared with normozoospermic patients (∗∗∗p < 0:001).
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