N

N

Myelinosome-like vesicles in human seminal plasma A
cryo-electron microscopy study

M Yefimova, E Bere, A. S. Neyroud, Bernard Jégou, Nicolas Bourmeyster, C
Ravel

» To cite this version:

M Yefimova, E Bere, A. S. Neyroud, Bernard Jégou, Nicolas Bourmeyster, et al.. Myelinosome-like
vesicles in human seminal plasma A cryo-electron microscopy study. Cryobiology, 2020, 92, pp.15-20.
10.1016/j.cryobiol.2019.09.009 . hal-02304994

HAL Id: hal-02304994
https://univ-rennes.hal.science/hal-02304994
Submitted on 27 May 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est

archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://univ-rennes.hal.science/hal-02304994
https://hal.archives-ouvertes.fr

10
11
12
13
14
15
16
17
18

19

20

21

22

23

24

25

26
27

28

29

Title: Myelinosome-like vesicles in human seminal plasma: a cryo-electron microscopy
study

. 1,2,3,4 2 3,4
Yefimova M~ ', Bere E, Neyroud A.S, Jegou B, Bourmeyster N Ravel C'.

1)Sechenov Institute of Evolutionary Physiology Brathemistry, Russian Academy of
Sciences, 44 pr. M Thorez, 194223, St-PetersiRugsia

2)Laboratoire STIM, Equipe CMCS, ERL CNRS 7368ud Georges Bonnet 86022 Poitiers
Cedex France

3)CHU de Rennes, Département de Gynécologie Olgtétet Reproduction Humaine-
CECOS, Hobpital Sud, 16 boulevard de Bulgarie, 35R@@nes, France

4)Univ Rennes, Inserm, EHESP, Irset (Institut dieeche en santé, environnement et
travail) -UMR_S 1085, F-35000 Rennes, France

Corresponding author :

vefimova3@agmail.com

Key words : Extra cellular vesicles; seminal plasma; hunmyelinosome; Sertoli cells

Abbreviations

EV: extra cellular vesiclegryo-EM: cryo electron microscopy;EM: transmission electron
microscopy MVB : multivesicular bodies.



30

31

32
33
34

35
36

37
38
39

40
41
42
43

44

45

46

47

48

Abstract

Seminal plasma is particularly rich in extraceliwasicles. Myelinosomes are membranous
organelles described throughout the seminiferoubeum of the testis but never reported in

semen. Our aim was to determine the presence elimogomes in human seminal plasma.

Transmission electron microscopy and cryo electromroscopy analysis of standard

myelinosome preparation from TM4 Sertoli cells &odnan seminal plasma samples.

We have specified by cryo-EM the morphological aspé “standard” myelinosomes isolated
from the culture media of TM4 Sertoli cells. Vesgl with the same morphological

appearance were revealed in human seminal plasnaesa

Human seminal plasma contains a population of |&ggaverage diameter 200 nm) whose
morphological appearance resemble those of my@mes. Defining the specific biomarkers
and functionalities of myelinosome in human semplatma are the concerns to be addressed

in our further research.
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INTRODUCTION

Seminal plasma is a complex fluid produced by teeretions from all organs of
seminal tract [15]. Being an environment for thdergametes, seminal plasma is enriched in
extracellular vesicles (EVs). They are producedthe male reproductive tract, by the
accessory sex glands, including seminal vesiclesprostate, as well as by the epididymis,
therefore EVs from seminal plasma are also caltedtpsomes or epididymosomes. The term
“prostasome” concerns a heterogenous populatidnlafered EVs found in seminal plasma
of various species [1]. Structural heterogeneity protein composition of these exosome-like
vesicles has been shown in human semen [9]. EM® fseminal plasma are known to
participate in various aspects of male fertilitypproving spermatozoa function through
regulation of the timing of sperm cell capacitafionduction of the acrosome reaction,
stimulating sperm motility to attain fertilizing pacity. Other proposed functions of
prostasomes include interfering with the destructid spermatozoa by immune cells within
the female reproductive tract [1]. Indeed, it h&erb observed that there are significantly

improved outcomes when women are exposed to seplasha [4].

EVs fraction consists of heterogeneous populatibrexdracellular vesicles. The
particles of human seminal plasma were first cleskiaccording morphological criteria,
including multiplicity of vesicles, their shape,eth external protrusions and their overall
density [9]. According these features, three typ€€V in human seminal plasma were
defined. In recent years, the development of nahrtelogies in Electron Microscopy have
led to an increase of knowledge with a finer anderspecific analysis for all types of EVs. A
recent study extended the data revealing 5 majaragagories of EVs and 6 subcategories of

extracellular membrane compartments, including leembodies [7].

Myelinosomes are membranous organelles found iseh@niferous epithelium of the
testis [6;16] and seemingly secreted by the som@gcoli cells in the lumen of the
seminiferous tubules [10]. It has been suggestadSartoli cells get rid of misfolded proteins
through myelinosomes-mediating secretion, maintginthereby cell proteostasis [16]. In
transmission EM micrographs, myelinosomes are mized as markedly electron-dense

osmiophile membraneous vesicles, showing a stackgdylated or whorled arrangement.

3



79
80
81
82
83
84
85
86
87

88

89

90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108

The aim of this study was to look for the preseotcenyelinosome vesicles in human
seminal plasma. Because of the viscosity of semjyehland its water-holding capacity,
classical transmission electron microscopy doeseein to be an optimal technique to reveal
the presence of myelinosomes in this fluid. Crygerbn microscopy is a technique that
allows visualization of nanosized structures withpior fixation or addition of heavy metals
for contrast. The sample is therefore visualizedtlase to its native state as possible [8].
Therefore, using standard myelinosome preparatmm fTM4 Sertoli cells, we first analyzed
the appearance of “standard” native myelinosomesryoy EM and then compared it with the

vesicles from human seminal plasma samples.

MATERIALSAND METHODS

Cells and cell transfection protocol

Murine TM4 Sertoli cells were from IGBMC (StrasbguFrance) cell culture service
collection. TM4 Sertoli cells were cultured in DMEM.2 medium (Gibco, number 31330),
containing 2.5% FBS, 5% HS, and supplemented with dntibiotic mix (10 000 U/ml
penicillin and 50 mg/ml streptomycin, GIBCO 15140)5x10cells were plated into 6-well
dishes and cultured at 37°C with 5% £Qells were tested for mycoplasma contamination
using mycoplasma detection kit (MycoAlert, LONZA Q7-418).

Transient transfection of TM4 cells with expressigctors pEGFP-C2-trHtt-142Q
generated at IGBMC (Strasbourg, France) were paddr using Lipofectamine 2000
(Invitrogen) reagent in 6-well plates cells follawgithe manufacturer’s instructions. The ratio

of plasmid/Lipofectamine in 2.0 ml of serum-freeubation mix was 4.4ug/16pl.

Standard myelinosomes from TM4 Sertoli cells.

Myelinosomes were isolated from culture media of 4TI8ertoli cells transiently
transfected with plasmid vector coding for mutantinbingtin-exonl-EGFP protein as
previously described [16]. Briefly, 48 h post-trettion the myelinosomes were purified
from the collected culture medium as follows: thdtwed medium was centrifuged for 10
min at 600g. The pellet was discarded and the sapamt centrifuged for 90 min at 20 000g.
The supernatant was discarded and the pellet @gtanontains the fraction enriched in
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myelinosomes. 20 000g myelinosome-enriched fractadao contained 100-120 nm

microvesicles. The pellet was suspended in a @thedia for immediate use.

Human samples

Human samples were provided by the GERMETHEQUE BAGR. Semen from 4
healthy donors was collected and left to liquefya@m temperature for 30 min. Cells and
large pieces of undissolved seminal gel were rewhdyecentrifugation at 800g for 20 min.
The supernatant was centrifuged at 100 000g foodr,hand the pellet was used for cryo-

electron microscopy.
Cryo-electron microscopy

Vitrification of the samples was performed using aritomatic plunge freezer (EM
GP, Leica) under controlled humidity and tempemtis]. The samples were deposited to
glow-discharged electron microscope grids followsd blotting and vitrification by rapid
freezing into liquid ethane. Grids were transferteda single-axis cryo-holder (model 626,
Gatan) and were observed using a 200 kV electr@nostope (Tecnai G2 T20 Sphera, FEI)
equipped with a 4k x 4k CCD camera (model USC 4@xian). Micrographs were acquired
under low electron doses using the camera in bgnminde 1 and at a nominal magnification
of 25,000x.

RESULTS:

In total, images of 289 slices were analyzed: 10@nfTM4 cells as references and 189
from human seminal plasma.

1) Analysisof TM4 Sertoli cell secretion

Using standard myelinosome preparation from cultneglia of TM4 Sertoli cells expressing
mutant Huntingtin-exon1-EGFP protein, we analyZe& inorphological aspect of secretory
myelinosome vesicles by TEM and Cryo electron nscopy. Figure la & b (left panel)

shows the electron micrograph of myelinosome vesidly TEM technique. Myelinosome
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vesicles are electron-dense osmiophile particlebjctw consist of numerous whorled
membranes forming the regular stacks. Because abfoeeng of myelinosome preparation
during TEM processing, some of myelinosomes exhibit interior cavity, filled with
amorphous material, the others seem to be “intadigher magnification of such “intact”
myelinosome allows discerning the stacks of electtense membranes, which seem to be
whorled around a central small vesicle, which isoaformed of few membrane layers.
Standard preparations of myelinosome vesicles @sain several EVs, which are clearly
discerned in TEM micrographs. Figure 1 (right paustbws the preparation of myelinosomes
vesicles analyzed by Cryo-Tem technique. Becaug®-TEM technique does not require
sample sectioning, only “intact” myelinosomes ca&nsken in Cryo-TEM micrographs. High
magnification allows discerning the regular stagksmyelinosome vesicle, as well as a
central small vesicles, likewise as those seenBM Tpreparation (Figure 1a & 1b). Both
TEM and Cryo techniques revealed a structural itleof myelinosome vesicles (electron
density, whorled organisation of membrane layestadce between membrane layers).
Comparing to TEM samples, more heterogeneity in rttephology of small EVs
were observed in the samples processed by Cryo-i&inique. Indeed, in Cryo-TEM
micrographs myelinosome vesicles were surrounde&\y, which were often unequal in

regard of their sizes and shapes (round, elliptic).

2) Analysis of human seminal plasma samplesby Cryo-TEM

The viscosity of seminal gel and its water-holdoagacity are limiting factors impeding a
good resolution by TEM technique, but not by CryeM. Careful examination of samples
from human seminal plasma by Cryo-TEM revealedpttesence of unusual vesicles, whose
size and morphology resembled those of myelinosofrea TM4 secretions (Figure 2a
&2Db). Indeed, comparing with neighboring EVs, theseisual vesicles were electron dense
and contained multiple membrane layers. In somescdlse small central vesicles were
discerned in central part of these organelleswlige as in secretory myelinosomes from TM4
Sertoli cells (Figure 1). Nevertheless, compariod'dtandard” myelinosomes, the unusual
vesicles from human seminal plasma contained feme&nbrane layers and exhibited lesser
density of membrane packaging. Remarkably, suclicleeshave not been described in

previous studies [7;9]. Intracellular myelinosonfesm different cells and/or species are
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known to exhibit a huge variability of forms by TE®halysis. No such information was
available for the secretory myelinosomes, orgasekeently described [16]. Thus, it seemed
likely that the secretory myelinosomes could alsesent the variability of morphological

organization, including the density of membranekpgng.

3) Comparative analysis of EVsfrom human seminal plasma and secretion products
from TM4 Sertoli cells

In preparations from both human seminal plasmacafidre media of TM4 Sertoli cells,
myelinosomes vesicles were present together witardeVs. Remarkably, the vesicles from
both species shared striking similarities. Indeddl, both preparations we observed
heterogenous membrane-bound vesicles some of thetaiging amorphous material (Figure
3). The particles generally varied in size fromt&®00 nm. Morphologically, some structures
resemble multivesicular bodies, specialized formiselmdosomes involved in exocytosis.
Exocytosis is believed to be one of the mechanidras promote EV release from prostatic
epithelial cells. Light EV appear to be analogoasirttraluminal vesicles released during
exocytosis (Figure 3). Some vesicles and membrangartments showed a more electron
dense interior, indicative of a lumen filled witargo. We have seen electron density inside
double vesicles, triple or more vesicles. Sporadidtilayered membrane complexes with
large concentric membrane fragments were also hzgga(Figure 4). Sporadic small tubules
were also observed in the preparations from botimam seminal plasma and from the
secretory products of TM4 Sertoli cells (Figure Blain types of EVs from both sources
(human seminal plasma and secretory products frdd Bertoli cells) are summarized in
Table 1 based on the classification of Polya&bal [9]. According this classification, 3 main
class of EVs are present in human seminal plasreeaulte the secretory myelinosomes and
myelinosome-like vesicles have not been reportelieeawe added them in the table as the

fourth class of EVs.

DISCUSSION
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Here we show for the first time the presence ofImgesome-like organelle in human
seminal plasma. Secretory myelinosome is a newd§eatracellular vesicle, which has been
found in vitro in culture media from murine TM4 Sertoli cells,pegssing aggregate-prone
proteins mutant Huntingtin and F508delCFTR (cydiicosis transmembrane modulator).
While in situ secretory myelinosomes were detected in the luofeseminiferous tubules
from R6/2 HD model mice [16], the presence of nmy@tiome vesicles in human biological

fluids have never been reported.

In TEM micrographs intracellular myelinosomes arscdrned as 200-500 nm
osmiophile vesicles, consisting of whorled membradagers, which can be easily
distinguished on the cross-sections. Intracelloigelinosomes exhibit a huge variability of
forms in TEM. According our data “standard” secrgtmyelinosomes from TM4 cells also
revealed a morphological variability in their forms well as in the number and density of

membrane layers.

To our knowledge, no cryo-TEM examination of conwamal and secretory
myelinosomes have been undertaken up to now. Weifigge by cryo-TEM the
morphological aspect of “standard” secretory myadiomes emitted by TM4 Sertoli cells. By
cryo-TEM technique secretory myelinosome is as destmaped or elliptic electron-dense
vesicle, consisting of stacked membranes. Thus BBM and cryo-TEM techniques seem to

be quasi equal for revealing of myelinosomes irdgical samples.

Myelinosome-like vesicles we found in human semipédsma by Cryo-TEM
technique fitted the morphological criteria deterimg “standard” myelinosome. Indeed,
round-shaped vesicles, formed with whorled memisaeghibited strong electron density.
Comparing to myelinosome from TM4 Sertoli cells, aligjosome-like vesicle from seminal
plasma looked more friable and seemed to contawverfanembrane layers. The latter is

difficult to assess because no sectioning can taqed by Cryo-TEM technique.

Preparations from both human seminal plasma anétsmts products of TM4 Sertoli
cells also contained a heterogeneous populatideMsf with different morphological aspect.
In a recent study, Hoog and Lotvall [7] showed ihdtuman ejaculate, about 59% of EVs are
found to be single vesicles, while the rest arel @eaicles, double vesicles, double special

vesicles, triple vesicles, tubules or lamellar lesdiThis morphological variability may reflect
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different subpopulations exerting different funaso in physiological and pathological
processes. As believed, these structurally speEiffs originate from several male sexual
organs (prostate, epididymis, testis, seminal esic Remarkably, our data indicate that
nearly all types of secretory product we observedduman seminal plasma were also present
in the secretions from TM4 Sertoli cells. This sesfg an important contribution of testicular
secretion in the formation of EV pool of seminabhgha. The former was traditionally
underestimated, and the idea on the main role adtate gland in the production of EVs in

seminal plasma was prevalent.

Our data indicate that in both types of samples dimgle exosome-like vesicles
predominated and constituted about 50% of EV pdjmumlaThese exosome-like EVs often
surrounded myelinosomes in the preparations of huseaninal plasma and TM4 Sertoli cell
culture media. Of note is that the intracellulaffic and excretion of myelinosomes by TM4
Sertoli cells is supported by multivesicular bodi®4VB), which are implicated in the
transport of various specific organelles in othell types [2;14]. TM4 Sertoli cells secrete
myelinosomes together with the exosomes followihg fusion of MVBs with plasma
membrane [16]. Therefore, the presence of exosdwmefVs in close proximity of
myelinosomes in human seminal plasma specimensestgthe MVB-related mechanism of
their release in seminal fluid. Remarkably, “staxanyelinosome vesicles emitted from
TM4 Sertoli cells are devoid of molecular markef€xosomes/prostasomes as CD63 protein
[16].

It seems plausible that not only Sertoli cells, bls#o several cell types of the male
reproductive tract contribute to the productiomufelinosomes. Indeed, the epithelial cells of
prostate gland and epididymis are characterizedidply secretory activity, being responsible
for the production of prostasome and epididymos&vie for seminal fluid through apocrine
and merocrine mechanisms. These EVs containing B [11] and RNA [13] are
important for acquisition of the sperm-fertiliziraipility and sperm forward motility, for the
protection of sperm against reactive oxygen spediE2]. Prostasomes also have
immunosuppressive activity via protection agairsnplement attack, and have a role in the
in the stabilization of the sperm plasma membrdié [

To dateno information on the specific markers of myelinogs as well as on their

physiological role in the human seminal fluid isad&ble. In aggregation diseases such as HD
9
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or cystic fibrosis, myelinosome vesicles seem téhieeprotective particles providing isolation
of cells from potentially toxic aggregate-pronetpins. On the other hand, being absorbed by
neighboring cells, myelinosomes vesicles, carryirgpathological proteins can contribute to
pathological spreading. We are only in the begignai knowledge about myelinosome
vesicles. To date we only note their presence mdruseminal plasma, and upcoming studies
would bring the information about their role angrsficance for human fertility.

CONCLUSION

EVs have the capacity to convey information betweelts through the transfer of
functional protein and genetic information to reems cells associated with reproductive
biology. In the male reproductive tract, epididymo®s and prostasomes participate in
regulating sperm motility activation, capacitatiomnd acrosome reaction [3]. Here we
evidence a new type of EVs, namely a myelinosoke-liesicle in the human seminal
plasma. It remains to define the specific biomaskand physiological functionalities of this

organelle still poorly known.
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L egends of figures:

Fig.1: Preparations of “standard” myelinosome facfrom TM4 Sertoli cells by TEM (a &
b; b is a selection from a) and Cryo-TEM (c & dsd selection from c) techniques.

Fig.2: Preparations human seminal plasma by Cry®lTéchniques.

Fig.3: Heterogeneity of EVs in seminal plasma )laftd in the secretion products from TM4
Sertoli cells (right).

Fig.4: Pleiomorphic aspect of EV from human semplasma and from secretion products
released by TM4 Sertoli cells.

Fig.5: Non-vesicular constituents of human sematasma (a,b,c) ; tubules observed and
secretion products released by TM4 Sertoli celle(d,g).

L egends of the table:

Table 1: description of EV in seminal plasma accwanodified Poliakov’s classification

9.
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Human seminal plasma EV secreted by murine | Type Description Size Fraction in the
TM4 Sertoli cells
Type 1 Dark vesicles from 100 to around 50%.
200 nm.
High electron density vesicles with asymmetric deposition of
dark substance surrounding one or more secondary vesicles.
These particles are invariably smooth on the outside, lacking
protrusions, and are nearly round or slightly elongated.
Type 2 Light vesicles from 50 to 25-30% of all v
200 nm.
Low electron density vesicles with abundant protrusions. These
vesicles do not have internal depositions of dark substance, but
sometimes contain daughter vesicles, and are nearly round or
only slightly elongated.
Type 3 Low electron density vesicles they can be 20-25% of the
as long as
without protrusion features, presenting as elongated, or pear- 400 nm and
shaped, with no dark depositions, and smooth outer surface. about 50—
100 nm wide
Type 4 Myelinosomes 200-700 nm <1%

round-shaped vesicles, formed with whorled membranes,
exhibited strong electron density




Table 1: description of EV in seminal plasma according modified Poliakov’s classification [9].












s
<TI0 A







