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Introduction

Introduction

1. Structure, function andimpairment of the rat testis

1.1.The testis: spermatogenesis and steroidogenesis

The testis has two main functions the production of germ cells (spermatogenesis) and the
synthesis of sex hormones (steroidogenesis).

Mammalian spermatogenesiss a complex procesmitiated by mitotic proliferation of
spermatogonia that are located on the basal larDiefined spermatogonial daughter cells
then enterthe first meiotic divisionresulting asprimary spermatocyteghat become
secondary spermatocytes aftssmpletion ofthe first meioticdivision. Haploid round
spermatids result after secondary spermatocydsch divide in the second meiotic
division. Round spermatids are transformed into elongated spermfti@$ During
spermatogenesis the maturating cells move from the periphery of the tubule tanitied |u
part. After reaching the luminal part the elongated spermatidéirzally released from the
Sertoli cells(SC)and are termedpermatozoarlhese cells are transported to and leave the
testis via the rete testiBig. 1).

Endocrine regulation ofpermatogenesis argteroidogenesisoccurby the hypothalamus
and the anterior pituitarygland under the control of the central nervous system.
Gonadotropin releasing hormone (GnRH), secreted by the hypothalamus, stimulates the
release of luteinizing hormen(LH) and folliclestimulating hormone (FSH) from the
anterior pituitarygland[4, 5]. They are distributed by the vascular system (blood vessels).
LH stimulates cell development, secretion of testosterone in Leydigapellsan influence

cell morphology [6-8]. Due to the absence of testosterone recepborgerm cells
spermatogenesis is not direct influenced by androgkmrectly, spermatogenesis is
regulated by binding of testosterone &%H to SJ9]. As part ofa negative feedback loop

to the hypothalamus testosterone and inhibiwhich is secreted by SGegulate the
production of GnRH, LH and FSH!, 6, 7] Additionally, testosteronéirectly regulates
proliferation and differentiation of peritubular celis. nuclear androgen recept¢t®, 11]
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1.2. Anatomy of the rat testis and adjacent structures

Mammalian testes are located outsimfethe peritoneal cavity within the scrotum. The
scrotum covers théascia underneathwhich consists of &lmost indistiguishableparts:

(1) external spermatic fascia, (2) cremaster muscle (external circular and internal
longitudinal) and (3) internal spermatic fascia.eTlasciais connected to the abdominal

wall. In contrast to human# rats the connection between satatac and peritoneum is

still wide enough to withdraw the testis into the peritoneal cavity in situations of danger.
Longitudinally the testis is connected to the epididymis. The head and tail of the epididymis
are linked to the anterior and caudal pdi¢he testis bythe inferior and superior ligament

(IL, SL). The testicular artery and pampiniform plexus reach the testis via the spermatic
cord on the same side as the epididymis. The vas deferens originates from the tail of the
epididymis and joins thgpermatic cord.

The testtular parenchymas surrounded by two layers, tunica albuginea and tunica
vaginalis. These layers are grown together asamkis calledesticular capsuleTestis,
epididymis and vas deferens are connected to each other bbgythia of connective meso
structures. According to Zhu et §l2] they aretermedmesoepididymis, whitis situated
between the testis and the epididymis, and mesodeferens, which is situated between the
epididymis and the vas deferens. The testis aneépigidymisare kept in position within

the scrotum by another meso, which connects the vas defetiesfascia.

1.3. The testicular parenchyma

In rodent species (rats and mice) the testicular parenchyma can be subdivided into
seminiferous tubules and the interstitial spdbe lattercontaining blood vessels and free
intertubular connective tissuen Irodents the seminiferous tubules are, in contrast to
humans, not separated by seft&, 14] As described above the testis has two main
functions spermatogenesis, which takes place within the seminiferous tubules and

steroidogenesjsvhich occurs by the Leydig cells in the interstitial sgd&4.
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Fig. 1. Spermatogenesis

Maturating germ cells move from the basal lamina towards the lumen of the seminiferous tubule.
During this journey germ cells undergo mitosis and two steps of meiosis. Haploid immature sperms
leave the testis via the rete testis aneltransported to the epididymis. From tutorvista.com

1.3.1. The tubular compartment

The main cell types within seminiferous tubules aargcells and Sertoli cell&erm cells

start to proliferate and mature with the beginning of the puberty. Different germ cell stages,
embedded between tlaljacentSC, are present within individual tubules (Fig. 2). SCs
support the germ cells with essentraltrients growth factes and are responsible for
physical support and structure of the germ céllg]. Each tubule is surroundeoly
peritubular cells RTCO that morphologically separate germ cells and SCs from the

interstitial space.

Sertoli cells provide the structural framework of the seminiferous epithelium. They are
attached to the basal lamina and extend towards the tubuian] SCs have a columnar
shape with several multiform proces$#8]. In the juvenile testis they proliferate but loose
this ability when the first meiotic germ cells appear. Germ cells and SC are connected to
each other via adherence junctions, desmosomes and gap juritépri®21] (Fig. 2).
NeighbouringSCs are forming igghly specialized tight junctionz@nula occludensnear

the basal lamina (Fig.2), which amapableof restricting the passage of hydrophilic
molecules[22, 23] This so calletblood-testis barrier [23] separates the tubule in two
compartments: the basal region and the adluminal region. In this peynatogonia and

early meiotic cells in the basal region are separated from speytegand spermatids in

the adluminal regionTherefore,a large majority of the developing germ cells are
3
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effectively isolated from the immune systefim make sure that thdevelopinggerm cells
can move through the junctional complex the barrier is apand closedn acoordinated
fashion[24].

Peritubular cells originate from mesenchymal tissue and have a polygonal $hapeit
least one layer of these cells as seen in rod26iss surrounding the seminiferous tubules
(Fig. 1 & 2), but there are species specific variations. In hurinamso seven layers were
found[27]. Both, rat and human PTC express marker proteins suctaetsnFand myosin,
which are typical for smooth muscle cdl&6, 28, 29] PTCs contain cordctile elements

and mediate the transport of the still rontile spermatozoa within the tubul@®, 30]

Seminiferous
tubule lumen

Elongate
spermatid

spermatid

/Tubulobulbdr (.
¥ complex
IL‘ ‘-
Apical

ectoplasmic
specialization

Adluminal compartment

Basal
ectoplasmic
specialization

Preleptotene
spermatocyte

q W o ) Sertoli cell
{ Spermatogonium | Lnucleus
\».,’,i - >
) —_—

Basal compartment

Basal lamina

Fig. 2: Blood-testisbarrier

Germ cells areembedded between the adjacent SC, which are attached to the basal lamina and
extend towards the tubular lumen. Germ cells and SC are connected to each other via adherence
junctions, desmosomes and gap junctidsighbouringSCs are forming ighly specialted tight
junctions gonula occludensear the basal laminthe bloodtestisbarrier.From[16].

1.3.2. The interstitial compartment

The interstitial space surrounds the seminiferous tubules and contains blood vessels
(arterioles, capillaries and lymphatic vessels), Leydig cells, fibroblasts and immune cells
(monocytes, lymphocytes, macrophages, dendritic cells, mast ceEis)uding blood

vessels,80% of the cells withinthe interstitial space aréestosterongroducinglLeydig

4
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cells The human interstitial compartment also contains nerve fibres which are absent in rat
testicular parenchym@ 2]. The arterioles, capillaries and venules of the testis completely

permeate the interstitial tissue.

A variety of immune cells are found within the interstitial space in rat tegtis
macrophages as the largest cohddsticular macrophages(TM) are recruited into the
testis by chemokines. They originate from CD68 posithanocyteg31]. Reaching their
target tissue the monocytes transform into resident macrophages. During this pineces
cells loose the CD68 marker and start to express CDdIB8it for a certain time both
markers areco-expressedin rats hese markers can be detected by ifigeantibodies
named ED1 (CD68and ED2 (CD163)31-34]. The majority of the testicular macrophages
express CD163About 50% of these CD163 positive cellsaare either CD68 positive or
negative Around 15-20% of the totahumberof TM expressesnly CD68. This indicates
the existence of several macrophage subpopulations in different developmental stages
within the rat testig[31]. TMs play an important role in inflammatoqyrocesses by
secreting different cytokines. A comparable lower secretionllofl and TNFU

differentiates TM from macrophages within other tis§3e81, 35]

1.4. Immunology of the testis

1.4.1. Immune privilege of the testis

A key element of immune privileged organs such as eye, brain or pld@éhtas the
tolerance to xenografts placed within these organs. This tolerance was also demonstrated
for the testis by Head et al. in 19887]. The need for immune privilege within the testis
results from the mbryonic development of a male mammalian. To prevemhune
responses against atdatigens, the immune system has to distinguish betweenaself
foreignantigens.Progenitor cells and spermatogonia are ignored by the immune system,
because they existatliring establishment of setblerance in the perinatal period. Cells
appearing with and after the first meiotic division carry-aatigens, which wouldparkan
attack of the immune system. For a long time the protectiatewloping gerncells was
suppsed to bdasednly onthe bloodtestisbarrier, but since a few years the involvement
of TM seem to beelevant too[31]. In the testis, resident macrophages, mast cells and

lymphocytes show a ppressed immune response on inflammatory stimuli such as a

5
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reduced secretion of piiaflammatory cytokines by resident testicular macrophages. It
seemed that these cells have an immageilatory and aninflammatory character,

whereas fresh immigratedltsehave preinflammatory charactgBl, 38]

1.4.2. Male infertility

Infertility affects one in ten couples, in nearly 50% of the cases the cause can be attributed
to a factor in the male. In men, infertility can be caused for example by physical trauma,
infections disease (bacteria, virus) canceigenetic disorders. Imenabout 1213%, in

some studies even more, of all diagnosed infertility is related to an immunological reason
[39-42].

Symptomatic and nesymptomatic inflammation of the testis (orchitis) as a result to
reproductive tract infectionsystemic infection and autoimmune disesiseh as antsperm
antibodies lead to the disruption of testicular androgen production and spermatd@dnesis
43, 44] Autoimmune orchitis is characterised by aatdibodies and immune cells
targeting gerncellsincluding spermatozoa and spej®d, 38, 45] Acute or chronic animal
modelsare used dr invegigations of orchitis These modelsnimic the immunological
factorswhich result in male infertility. However, despite the significant progress that has
been made in the identification of local, genetic, and immunological factors, the pathology

of experimetal autoimmune orchiti@EAO) is still not understoof#6, 47]

1.4.3. Cytokines and chemokines in the testis

Pro- and antiinflammatory mediairs and the cells secreting them play a crucial iole
inflammatory processes. These mediators are produced mainly by immuninaaistrast
to other organsfii nf | a mmat o r yapnstitugvelyeaptessedsin tlzertestaso
during noninflammatay conditions Proinflammatory cytokines (TN, -1] IL-6)
effect spermatogenic cell differentiati@and steroidogenesis, whereas -amlammatory
cytokines &ctivin) influence the testicular developmeAttivin stimulates spermatogonial
developmentin vitro and regulates the differentiation of the primary spermatodg®&s
48]. Beside mmune cells Leydig cells, SC and P&{30 express cytokines such as-1L
IL-6 and TGF3.
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The influence of the nervous system on inflammatory processes was shown in several
studieg[49, 50] Cytokines such as TNFJ HMGBL1 or IL-1R play an important roleithin

this interactiorf51-54]. In addition to cytokins the nervous systesommunicatesvith the
immune system by ACh, the main neurotransmitter of the vagus [&5j/€/agus nere
stimulation and ACh are known tativate the U 7nAChR This activationinhibits the
expression and release of TNNF o r H MG B he delis suchnasmmmacrophagdbs,

57].

1.5. Experimental autoimmune orchitis: a model ofinflammatory infertility in rodent s

Most EAO studies are performed in rodents (mda8e59]and raf60-62]) and hae been
induced by active immuragion with spermatic antigens, adoptivecdll transfer or
neonatal thymectomijA46]. In this study EAO was induced by active immusation with
testicular homogenatemducing of EAO in a test animaésults inan acute and later on
chronic inflammation provoked by the activation of immune cellsich arereleag pro- or
antrinflammatory cytokined63]. With the progresen of the diseasdistopathological
alterations in the testis occur such as infiltration of lymphocytes and macrophages into the
interstitium, autoantibody production, different degrees of germ cells degeneration,
granuloma formation, necrogi84], and the complete absence pésnatogenesi0, 61,

65]. The numbers of Leydig cells are considerably lower in EAO tf%is66] which
results in decreadeserum androgelevels. Furthermore, an increased number of CD68 and

CD163 positive macrophage®rereported at early and late time pts in orchitig61].

2. Innervation of the testis

2.1. Thenervous system and sensory neurons

The mammalian nervous system consists of two pHréscentral nervous system (CNS)

and peripheral nervous system (PNS). The CNS includes the brain and spinal cord, whereas
all neuronal structures outside the CNS beltmghe PNS. According to the innervating
structures the PNS is subdivided into the somatic and visceral nervous system. The visceral
nervous system is also called autonomic nervous system (ANShaatdo interacting

partners the sympathetic and parasgthptic pathways.
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The vertebral columns made ofa speciespecific amount of vertebrae, which are
subdivided into four parts: cervical, thoracic, lumbar and sacral. Both rat and human have
12 thoracic vertebrae but differ in tmeimberof the lumbarvertebrae(rats have sibut
humanonly five). The same segmentation is used for further characterisations of both
spinal cord and dorsal root ganglia (DR@sp. 3A).

The celtbodies of motoneurons arecated in the spinal cord and informatiors
trarsmitted from the CNS into the PNS. Sensory neurons collect information in the
periphery and transmit these to the CNS. Theluzdlies are located in the DRGs (F38).

2.2. Sensory neurons are divided in subpopulations

Sensory neurons are pseuddpolar neurons, which have a bifurcated axon with a
peripheral and central branch (Fig. 3B). The peripheral branch terminates in specific
receptors in skin, muscles or other tissues, whereas the central process enters the spinal
cord and results either in thactivation of local reflex circuits or in the uptake of
information into the brain. Sensory neurons identify changes in the environment, which

could be harmful for the organism. Their receptors, whictubrguitousfound, recognise

pain, touch or tempenate differences.

Four types of axons can be distinguished fo
fibres consisting typdd-a x ons are myelinated in a decrea:
whereas typ€-nerve fibres (short: @bres) are not myelinatedThe increasing
myelinisation of the nerve fibres results in increasing speed of the transported signals.
Nociceptive neurons, one subpopulation of sensory neurons, mediate pain. These neurons

have thin myelinated (AU) or unmyelinated ( (
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Fig. 3: Localisation of sensory neurons and segmentation of the vertebrate

The segmentation of the human vertebrate and consequently of spinal cord and DRGs is shown in
(A). The four sections (cervical, thoracic, lumbar and sacral) are inscribed within the drawing.
Location and characterisation of sensory neurons is shoyR)irPrimary afferent neurons have

their cell bodies in DRG and transmit sensory information fronp#r@heral tissues to the spinal

cor d. Myelinated AU and Ab s ens-ooxigus densétions,s ar e
including light, touch, vibration and proprioceptive stimiti.contrast, unmyelinated C and thinly
myelinated AU nfas bocieepmtors aandedetdctnnoxious chemicals, thermal and

mechanical stimuli.

2.3. Neuronal markers

Different populations of neurons can be distinguished by several madtecules.
Markers used in this study are described briefly below.

The protein-geneproduct-9.5 (PGR9.5) is a pameuronal marker for afferent and
efferent nervefibres [67-70], but also labelscells of neureendocrine origin andon
neuronal cells such g®rcinespermatogonig68, 71}

The calcitonin-generelated-peptide (CGRB is a neuropeptide widely expressed in the
CNS and also in the PNS. It is used as a marker for nociceptive neurons.

The neurofilament 200 (Nf200) belongs to one of five classes of a family called
intermediate filaments ()Fwhich have all a diameter of B) nm. Neurofilaments are found
predominantly in neuronal myelinated cells and nerve fibres and are distinguished by their
molecular weigh(68, 160 and 200 kD4Jj2].
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Peripherin another intermediate filament protein, was found initially in sensory neurons of
the PNS, but subsequently observed in some sensory and other neurons of the CNS,
neuroendocrine tumoursa in insulinproducing cells of the pancreas. Peripherin labels
thin myelinated and umyelinated nerve fibres.

Vesicular glutamate transporter 1(VGIuT1) is one of three transporters expressed from
sensory neurons, which is essential for the uptake eoh#urotransmitter glutamate into
small synaptic vesicles prior to its exocytotic release into the synapse. Beside VGIuT2,
VGIUT1 is currently one of the best markers for glutamatergic nerve terminals and
glutamatergic synapses.

Isolectin B; (IB4) or lectns in general are sughinding proteins, which occur
ubiquitously in nature and have the ability to agglutinate animal cells and/or precipitate
complex carbohydratedB4 also binds to a subpopulation of primary sensory afferent
neurons in rat DRGs, whiclere identified as unmyelinated neurons of small diameter.
The majority of these neurons supply nociception.

The transient receptor potential vanilloid receptor subtype 1 (TRPV1, VR1) is
belonging to the transient receptor potential (TRP) superfamily,sevhmembers are
sensors for temperature. TRPV1 projects to sensory nociceptive neurons, which are
sensitive to capsaicify3]. The heat sensor TRPV1 was found to be activated4&°€.

Beside heat andapsaicinTRPV1 can be activated by protons.

2.4. Innervation of the testis

The rat genitofemoral nerve (GFn), arising from lumbar spinal nerves 1 ajr@-27],
divides intoa genital and femoral brand¥7, 78] Both branches split again in several
ramifications. Cremaster musdlé7] and scrotal skitj74, 77, 7981] are innervatedrém

both femoral and genital branch whereas the spermatic cord and vagicalis[82, 83]

are innervated just by the genital branch of the GFn. Dissection of GFn results in
temperature dependent decrease of testicular weight and degenerative changes of the
seminiferoudubules in rats kept a@ [84]. A major consequence of spinal cord injury in
human male patients is infertility causéy poor semen quality85, 86] Defective
temperature regulation anidhpaired ejaculation were postulated tobe the underlying
reason by BrindleyandMallidis [87, 88] Defective temperature regulatismsupported by

the finding of temperature receptors TRPV1 and TRPM8 in human and raf88ktis

10
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Testicular innervation in rats occurs by the supai inferior spermatic nerve (SSN and

ISN). The SSN runs alongside the testicular artery and reaches the capsule via SL, whereas
the ISN accompanies the vakeferens, penetrates the epididymis and reaches the capsule
via IL [12]. PGP9.5 and CPONC-flanking peptide of neuropeptide) Yositive nerve

fibres were found in the mesorchial ligaments (IL and 8ihjch are the source of a nerve
network innervating the capsule and the mesoepididji@is Furthermore AChE, CGRP

and NPYcontaining fibres have been found in the rat cap@@e91] In some mammalian
species, autonomic nerves are associated with testicular parenchyroapanlg27, 92]

No nerve fibres are detectable in rat testicular parenchigip whereas the human
testicularparenchyma is innervat¢@l2]. Sensory afferent terminals are generally described

as Afree nerve endingso. Their possible fun
rodenttestis[93, 94]and rat testicular capguby Silverman and Krugd®3].

CGRP, VIP and SP positive nerve fibres innervating the human and gugneas
deferens have been described without informatdntheir neuronal supply95, 96]

Kolbeck & Steers demonstrated by tracexperiments the vas deferenservation in rats
originating from ipsilateral DRG L1, L2, L6 and §B7]. Nerve fibres labelled positive for

Nf200 were observed in the vas deferens of @] and in the testis of bull, donkey and
camel[99-101].

3. The cholinergic system

3.1. Acetylcholine

Acetylcholine (ACh),a welkknownchemical neurotransmitter in both ANS and CM&s
first describedy Loewi in 1921[102]. In evolution ACh was present long time before the
design of the nervousg/stem. Uni and multicellular organism such as bacteria, protozoa,
fungi and plantgproduceACh [103, 104] In organism with a nervous systeACh is not
limited toit, butalso present in neneuronal tissuer-or functional action ACh has to bind
to specific receptorsthe nicotinic acetylcholine receptor (nAChR) atide muscarinic

acetylcholine receptor (MR).

11
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3.2. Nonneuronal cholinergic system

The presence of a cholinergic system in mammaliarnsamonal tissue was first described

for human placenta by Morris in 1968605]. Since then, ACh and AClsRvere found in

many other tissues as well assingle cells of different species (see also chap. ¥Jat)l

now the complete functionality of the nonneuronal cholinergic system is not fully
discoveredalthough somdunctions could be illustrated. Nareuronal cells use ACh for
inter-cell communiations and regulate cellular functions by ABihding in an autocrine

and paracrine manngt06, 107] ACh is known to alter the morphology of ce]i€8], to
stimulate the proliferation of lymphocyt¢s09, 110]and to control the cytoskeleton and
cell-cell contactg111, 112]

Beside these functions the cholinergic system seems to be involved in cancer and
inflammatory processeoo. Increased cell proliferation after stimulation of NAChRs was
demonstrated in cancer and amancer tissue such as mesotheligiri8] andhuman colon
adenocarcinoma cell lingdT29)[114]. Theup (U5, U7, U9 )anbddwa( 4, ChA"
AChE, MyR) regulationof ACh-related molecules was shownrian-smalkcell lung cancer
(NSCLQ [115, 116] SubsequentlyACh-related moleculesvere analysed in NSCL-C
patients, who were smokers or remoker. Insmokersincreasd mRNA expressiorevel

of U6 a rwdreobsgrved115]. The fdlowing alterations were shown tissues andell

lines: (1) nicotinestimulationof SCLC results incell proliferation which can be blocked

by UBu n g a r o t-Bytx Bungarys Unulticinctys[117]; (2) treatment withnicotine
stimulates and prereatment withmecamylaminélocks theVEGFmediated angiogenesis

in endothelial cells [118]; (3) nicotine significantly suppresseapoptosis in NSCLC

med at ed by n ACh RK/AKB pathwaygs[119haed (8 ith8 preapoptotic
molecule Bad gets pisphorylated and therefore inactivated after nicotine treatment on
human lung cancer cel]$20].

Cytokines are essential molecules released by immune cells, which regulate inflammatory
processes by acting as pmr antiinflammatory mediatorsNicotine or AChare able to
modulatethe production of cytokines blyinding to AChR [56, 57, 121] Additionally, it

was shown that nicotine and ACh enhatftephagocytic potential of macrophagéd22].

The finding that electrical vag nerve stimulation results in ameliorated disease in animal
models of inflammatory conditions such as coliti23] or peritonitis[124, 125]suggests a

strong connection betwedime immune systerandcholinergic nervous system.

12
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3.3. Synthesis, release, degradatioand recycling of acetylcholine in neuronal and

non-neuronal tissue

3.3.1. Synthesis of acetylcholine

ACh is synthesised by choline acetyltransferase (GHAT2.3.1.6§ from acetydCoA and
choline within the cell. AcetytCoA is generated in mitochondrii. is produced during
carbohydrate, protein and lipid catabolism in aerobic orgaf2&@). In non-neuronal cells

ACh can be synthesised in two different ways via ChAT or via carnitine acetyltransferase
(CarAT, EC 2.3.1.7 (Fig. 4) CarAT is an importantart of the lipid metabolism and is
present in the mitochondriBoth enzymes are nearly ubiquitously expressed. Howaver, i
mice and human urotheliun€arAT, but no ChAT was detectdd26], whereas in rat
urothelial cellsthe mRNA for both enzymes, ChAT and CarAT, has been demonstrated
[127]. Furthermore, ChAT mRNA and ChAT protein were detected in human epithelial
cells [128, 129] human immune cell§130-132], human placentd133] and mouse

embryonic stem cellg 34].

3.3.2. Storage andelease of acetylcholine

After its generation ACh is translocated into small synaptic vesicles via the vesicular
acetylcholine transporter (VAChTIrig. 4). This transporter is a 12 transmembrdoenain
protein, which is acting as an'#ACh exchanger. Tdvesicles are stored in the cell until a
trigger is activating them. In neurons this trigger is the depolarisation of the nerve terminal
which leads to exocytotic release of ACh. The vedigdton with the presynaptic
membrane is a calcintiependent prass. The extracellular ACh moves through the
synaptic cleft and binds to their receptor on the postsynaptic cell.

In nonneuronal tissue VAChT could be detected for example in pulmonary arterial
endothelial cell135, 136] in parts of the rat placen{fa37] and in secretory cells of
airway surface epitheliurfii38] but the expression of VAChT is not ubiquitous in fxion
neuronal tissue. This implies that ACh is not stored in vesicles in all cells but is released
direct from the cytoglsm. There is evidence for alternative release mechanism via organic

cation transporters (OCTSs) (Fig. 4).

13
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Fig. 4: Recycling pathway of acetylcholineACh) synthesis, release, action and breakdown at
a cholinergic nerve terminal.

AChE = acetylcholinesteraseBChE = butyrylcholinesteraseChT1 = high-affinity choline
transporterl, ChAT = choline acetyltransferasé/ = muscarinic receptor, @rotein coupled,
N = nicotinic receptor, ligandgated ion channelVAChT = vesicular ACh transporter,
OCTs= organic catiortransporterModified afterKummeret al.[139].

OCTs are expressed on the surface of dewiange ofcells. All OCTs transport small
hydrophilic substances in a soditdapendent mannefhe three subtypes OCT1, 2 and 3
seem to badlifferentially expressed in cells or tissues. OCT subtypes could be detected in
rat bronchial epithelium (OCT1/4140], in human placenta (OCT1/8)41], in rat and
mouse placenta (OCTR)42, 143]and in rat kidney (OCTZ)1L44].

3.3.3. Degradation and recycling of acetylcholine

The ation of AChis terminated by butyrylcholinesterase (BChE) or A€dterase (AChE).

These enzymes exist in a soluble form or bound to the membrane and are able to cleave
ACh into choline and acetat@~ig. 4) Cholinergic neurons synthesiesterasesy
thenselves to ensure equilibrium of released and degraded ACh. AQtEsenin both
neuronal and neneuronal cell§145]. After degradation of ACh, choline is taken up from

the extracellular space into the cell by a soddependent higlaffinity choline transporter

(ChT1). The existence of ChT1 in noeuronal tissue couldebdemonstrated for example

14
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in rat and human epithelial and vascular smooth muscle[@2lFs 146] In addition to its
role as a precursor for ACbholine is an essential molecule within plasma menra
lipids, e.g. in the form ofphosphatidylcholine-or the AChsynthesis, the uptake of choline
via ChT1 is the ratemiting step(Fig. 4). Therefore choline uptake is crucial for every cell.
Beside ChT1 and the OCTs the choline transpdikker(CTL) proteins of the CTL family
are establishectholine transporter[147], which could be an alternative way importing
choline into the cell in the absenoeChT1.

3.4. Acetylcholine receptors

Acetylcholine receptors are two structurally diverse classes of memboane proteins,
the ionotropic nicotinic AChR and the metabotropic muscarinic ACHR receptors are
named after their selective agonists} ficotine, which is an alkaloid of the tobacco plant
and (2) muscarm which is an alkaloid ofly agaric (Amanita muscarin[148] (Fig. 5).
Both receptor classes differ in structure, function #rer underlying signalling system
[149]. For oneexample nAChR are fast acting receptprghereasactivation ofMRs leads

to latency inresponse

ohs
@
=N
HsC™y 0. CHs
HsC
OH
nicotine muscarine

Fig. 5: Nicotine and muscarine.

Nicotine (C1oH14N>) is analkaloid found in thenightshadefamily of plants(Solanaceagsuch as
tobacco Muscarine(CgH,oNO,") is a natural producfound in certainmushroomsand was first
isolatad from Amanita muscarian 1869.
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3.4.1. Structure and functionality of nicotinic acetylcholine receptors

AChR can be distinguished in mustipe, which is situated at skeletahuscle
neuromuscular junctions, and neuretyge, which is situated in the nervous system. The
muscletype nAChR exist asembryonal and aduk heteropentamer isoform The muscle

type contains 5 subunits: Uls 1) 15,00 a )i aand
embryonic tissue and nénnervated musclesnad (2 1 QD1) n a[1ba]l t mu s
(Fig. 6A).

The neuronatype nAChR exist as homoand heteropentameMhe neuronatypes, which

arepresent in neuronal and noeuronal tisss8 consi st o-01Q2aB4ébbRit s
Wi th the exclelpstdlboum i @ fsb4 ke teerbd@scribeih mammals

[153-155]. n ACh R S8siswblwenpressedin chickewlan speciefl56). Most of the

nAChR subunits form heteropentamers.YOnlU7, U8 and U9 ar-e abl e
formation (Fig. 6A). The subunits show a homology in the amino acid sequence with app.
30-40% identity of amino acid residues mainly in hydrophobic redips8, 151] nAChR

Ussubunits can besubdivided due to theirsensitiity t o s n-axkine sudh as
Ubungarobxin. UBgt-s e nsi t i ve sU0flss 157169)aad te nACTHR at the

motoric endplat¢160]. -Bgt-nonsensitive subunita r e-U & 2 a id{158,261163].

Table1l & 2 showthe krown possible combinations ofAChR oligomers subdivided in

UBgt-sensitive andl}Bgt non-sensitive subunits.

Tab. 1. -Bgt-sensitive receptors.

receptor composition reference(s)

[164, 165]
[166]
[167]
b [168]
076 [168]
b [169]
[159, 170]
U010 [159, 170]

CCC e e
O©COUTWw~N~N~N

Receptor composition of NACRRu buni ts U7, U9, U10 LipsnandvGettit ebr at
[138, 171]
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Tab. 2: -Bgt non-sensitive receptors

receptor reference(s) receptor reference(s)
composition composition

U262 [172, 173] U3 ushb4 [174]
U204 [172, 173] usuebh2 [185]
U3b?2 [173, 174] usuUe6hb4 [180, 185]
Bh3 [175] U3b3b4 [186]

U3 b4 [173, 174] U4U05b2 [176, 187]
U4b?2 [176-178] 4b263 [188]
U4b4 [173] Uus U6 b2 [185]

U6 b2 [179] U6b2b3 [189]
6h3 [175] U6b3b4 [185, 190]
U6 b 4 [180] U3 U5b2b4[191]
P62 [181] U3 U6 b 3b4[190]
U205b2 |[182] U4 0506 b 1[192]
PUsh2 [183] U4b2b3b4[186]
BUAH2 [184] U4U6b2b J[183]
BUAb4 [184]

U3U0U5b2 |[174]

Receptor coposition of NAChRs ubun-U6 s-b&2i n vertebr higsandGdtiodi f i e d
[138, 171]

NAChR are reponsible forthe cholinergic neurotransmission within the CNS. They
mediate the excitatory postsynaptic potential on postsynaptic [£6B3 and are able to
regulate the release péurotransmitteon presynaptic celld 94, 195]

The subunit composition of NAChR influences their functions such as (1) ligpedificity

and ligandaffinity, (2) permeability for cations and (3) and pharmacold®6, 197] The
binding of a ligand to a nAChR leads donformational changes in the receptor structure.
This process is reversible. Antagonists are able to block the permeability for ions by
binding to the nAChR. The blocking of the nAChR can be reversible (methyllycaconitin,
-Bgt). The pereneabilitysfar batioms (€alNa’, K* and
Mg?") is dependendn the subunit composition of the nAChR (Fig. 6APS, 199] -Bot-
sensitive NAChR show high permeability for®Cand Md"* but lower permeability for Na

and K ([156, 165] Homopentamera nd n ACh R c-subuniashaowi andistind) 7
high permeability for C& [200]. -Bbt non-sensitive NnAChR show high permeability for
Na' but lower permeability for CA[187].

mecamyl ami ne)
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The receptorctivation leads to a acurrent, which changes the membrane potential and
activates omediategntracellular signalling pathways such as transmittéeasg194] and

gene expressiof201].

Na'-influx depolarises the cell membraaed activates voltaggependenCa*-channels

with a following C&™-influx [200, 202] The retase of C& from intracellular C&'-depots

is also possible. The consequence of this mechanisms is a prolonged intracellular
Cd*-signalling[200, 203205]

A subunits

ol (Mot. endplate)
o2
Muscular »,Neuronal* a3
o4
as
ab
o7

annl [ [onnomn (<] {anannnl (%] {anmanal (1 100 g cpioken
wol || e vy || [wewd] || oowuy] | ] e s

M alld
1 (Mot. endplate)
Na’' Na'>Ca" Ca">Na’ p2
Heteromer Heteromer Homomer Heteromer B3
(1), p1,v, 6 02-6, f2-4 a7, a9 a7 a9, al10 B4
+
Muscarine Muscarine C a*" K*
MR Icat
1/315 2:'4
Gq!11 \—/ I.FD BKCa
Y
B
DAG
[
cAMPY

Fig. 6: Muscarinic and nicotinic ACh receptors

The vertebrate nAChR subunits, thenpameric structuref the subunits and resulting permeability

for ion channels are shown in (A). The MR subtypes subdivided regarding their preference for
speci fi-subupil & théir resulting intracedr signalling pathway are shown in (B).
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3.4.2. Structure and functionality of muscarinic acetylcholine receptors

The first evidence for the existence of MR was reported in an investigatiomespect to
heartfunction by Riker and Wesco in 195206]. Today, five receptor subtypes, encoded
by intron-lessgenes (mim5), are known fronseveral species including human, mouse and
rat [206-208]. The MR exhibit a high sequence homglogcross species and form
heptahelical Goroteincoupled receptors (GPCR). More than 100 members are known
belonging to theGPCRs[209]. All these receptors share a common structure with:
(1) seven transmembraxd@mains connected to each other by indired extracellular loops,

(2) an extracellular ligandinding site, (3) an intracellular-@nd extracellular Nerminus

and (4) the ability to couple tocgtoplasmicheterotrimerids-protein[206, 210]

MRs are widely expressed ineuronal and neneuronal cellsIndividual subtypes are
predominantly expressed in specific tissues IMeR in the myocardium?211] and,
together with MR, in smooth muscle cel[212]. The presence of M within the CNS is
markedly lower than other MR subtyp§l3-215] M4sR and MR are predominantly
expressed by dopamirggc neurong213, 216, 217]The presencesf MR-subtypescould
be demonstratednh nonneuronal tissuesuch ashuman macrophageg§218] or mouse
trached219, 220] Receptor activation is known to mediatelgeration and differentiation

in embryonic cellsDRGsandSchwann cell§221].

MRs are coupled t@&-proteinswhichc onsi st of t hr dreg. 68uTheu20i t s U,
knowsBuldJunits are subdivided into four f ami
[222].

The Gprotein, which is associated with the aaémbrangis not couple tdhe MR in the

absence of an agonisthe binding of a ligand results in a conformational change of the
receptor, which allowmteraction with &G-protein. After the receptor and thepEotein are

coupledt o each other, GDP isubempl &c ¢ denplexs GT R e a
The b and 9 s ubae3 iGpmteirs regwate tntoagebutahfenctionga

effector moleculesuch as iorthannel activity, transportergenetranscription or secretion.

These dowrss t r eam i ntracell ul ar fsubnnitfannilpmesnberar e  d e
locatedwithin the Gproteincomplex and its interaction with the receptand effector

molecule(Fig. 6B).
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Muscarinic receptor subtypes,Mand My pr ef erenti ally coupl
M1, Mzand Mst 0 G ()224]. Eot a long timeit seemed to bthatt h e-cormpdexis not
active but there is evidence for its activating function of phospholipase C (PLC) and
opening of ion channe[&25].

G U quctivates theplasmamembranebound enzymephospholipase ® ( 1) C T
enzymetransforms phosphatidylinositdl,5-bisphophate [PI(4,5)P2] into inositdl,4,5
trisphosphate (IP3) and diacylglycerol (DAG). IP3, a soluble molecule, diffuses to
endoplasmic reticulum (ER) and binds to {§&al C&*-release channels. After opening

these channels the €atored in the ER ibberatedinto the cytosol. DAG activates protein

e to

the

hi s

the

kinase C (PKC), whichiranslocatefrom the cytosol to the plasma membrane. PKC

activates its targets in a cell dependennnea [223, 226] The transmembree protein
adenyl ate cycl ase (AC) -subnitiand hctiviatedtby lindigyo
a  Gddmunit. The binding of AChto 8 or MR acti vates GUi,
wi t h GUssubumitbindingse t @ wi t-domphex. Thisesults in a decreasing
cAMP formation, which leads ta reduced activity of theyclic-AMP-dependent protein
kinase (PKA)[223, 224, 226]Additionally, the binding of ACh to MR or My\R mediates a

prolonged opening of potassium channels orselactive cation channe[224].

3.5. Cholinergic system within the testis

Up to now, the knowledge about theesence and functiaf thecholinergic system within
the testis idar from complete.There is evidence of its presence but neitheell specific
localisation nor its functions establishedBacetti et al. found nAChiRke molecules in
postacrosomal and migiece region of rabbi ram and human sperf227]. nAChRs
cont ai n isubgnit aréhimvolMedZin acrosomeaction in humanf228, 229] whereas
the absence of subunit U7 r e $280] Additionatly, i
NAChR subunits U3, U5, U9 4281andtkatment with
ACh causes an increase of intracellular calcium in human g2&2h) AChER, which is a

stressinduced AChEsplice variant (AChER), is upregulated in the testis of micand

bi nd
whi ch

mpair
found

humans and dependemn its binding partnersAChE-R can mediate apoptosis or elevates

sperm motility within the testigR33].
Studies focusing more detailed in cell populations demonsteatitreased testosterone

secretion of Leydig cellafter ACh and nicotineapplication[234], the presence of MR to
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MsR in SC[235], and predictedhe activation of Sertoli cell prolifation by muscarinic
AChR [236]. Muscarinic AChR subtypes found in rat epididyrf#i87] are influenced by
the testosterone levgR38]. Orchidectomy decreasedhe level of m2 transcriptbut
increased the level of mBanscriptin rats. These effects on m2 and m3 transcripts were

prevented by testosterone replacement to castratel@38{s
4. Aim of this study

Male infertility can be caused by physical trauma, infections disease, cancer or genetic
disorders but can also be related to immunological reasosmoking[39-42]. In the male,
nicotine as major component of cigarette smoke showed impatiraiespermatogenesis

and steroidogenesif239-241] The disruption of testicular androgen production and
spermatogenesis can also be caused by inflammation of the testisifpas a result of
infection and autoimmune reactions to testicular and sperm anti@ns43 63.
Interestingly, aninvolvement of nAChR in counterbalancingflammatory effects was
documented recently49, 54, 55] Recently, the presence of ACh was determined in
testcular homogenategl14]. The absence of nerve fibres in the testicular parenchyma of
rats[12], indicates a nomeuronal source for ACh

The present study aimed to determine nA&huRunits and MRsubtypes as putative
targets for ACh in testicular parenchyma andpsule Subsequethy, molecules related to

the AChsystem should be investigated for isolated TM, PTC andC®@nges in [C4];

after stimulation with agonists could determine a neurbkal function of AChR.
Moreover, changes in expression levels should be monitoradmidel of experimental
autoimmune orchitis to reveal a possible involvement of ACh in counterbalancing testicular

inflammation.
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Materials and Methods

5. Animals and tissues

5.1. Animals

Male Wistar Furth rats and male C57/BL6 mice, both?8veeks old, were used for
organ collections and subsequent vitro experimerd. Male Wistar Kyoto rats
(10 weeks oldyvere used for tha vivo experiment. The animals were kept in ahl2
light, 12 hdark cycle at 2ZC. They had freaacess to food pellets and water. For the
experiments at Flinders University Adelaide, Australiae rats and mice were
purchased from the animal house of the Flinders Medical C&AME), Adelaide.
For the experimentsyhich were conducted at the Justusbig-University Giessen,
Germany the rats were purchased from Harlan Winkelmann (Borchen, Gernmany,
vitro experiments) or Charles River Laboratories (Sulzfeld/Kisslegg, Gerniany,
vivo experiments). The animal exjpeents were approved by the local animal welfare
committees (Giessen: RegierungspraesidiurAdelaide: project 645/07, Animal
welfare committee 19.12.2007). For vitro experiments both rats and mice were
killed with an overdose of isoflurand-¢hloro-2,2,2trifluoroethly difluoromethyl)

and tissue samples were collected.

5.2. Tissue culture

5.2.1. Isolation of testicular macrophages

Testicular macrophagdd M) were isolated from two testes without any enzymatic
treatment. The testes wemecapsulated in 10 ml prearmed endotoxifree
DMEM:F12 medium (PAA Laboratories, ocdbe, Germany).The seminiferous
tubules were gently separated using stralggrinken forceps and the volume was
adjusted to 50 ml. After gently stirring for 3 to 4 timée tubule fragmentaere
allowed to settle for 5 min before the supernatant was centrifuged gtf80Q0 min

at room temperature. The interstitial cell pellet was resuspended in 5 ml DMEM:F12.
The cell suspension was plated as required in am®® cell alture dish, a
6-well-multidish or on glass coverslips in a 24ell-multidish and incubated at 32°C

and 30 CO,. The differentiation between TM and the remaining interstitial cells
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occurred by the fast adherence of the TM to plastic or glass surfaces. Contaminating
cells were removed by washing. After the first 30 min cells, which were not attached
to the surface, were removed by rotating the plate and changing the medium 2 to 3
times. 30 min later TMs were washed by gemiiyettingdirectly on the surface of the

dish until loosely attached cells detached.

5.2.2. Isolation of peritubular cells and Sertoli cells

Peritubular and Sertoli cells were isolated from 1D days old maldVistar rats
(Charles River). Testewere removed, disinfected in 1%dine-ethanol once and
rinsed three times in PBS (without C&" and Md"*, with 1000 U/ml penicillin and
1000 U/ml streptomycin all from PAA and 7%0g D-glucose [Merck, Darmstadt,
Germany]). After decapsulation, the tissue was minced in B&nd the testes
fragments were trypsinised (2.5 mg/ml trypsin [Boehringer, Mannheim, Germany]
and 20 ¢eg/ ml D Na s e-G)lfor 10Bom@nhat 327C@mrdrl40 romn P B S
The enzymatic reaction watopped with 5 mg/ml trypsimhibitor (Boehringer) in
PBSG and tubule fragments were allowed to settle for 10 min. The pellet was
resuspended in 10 ml of 2.5 mg/ml trypsahibitor in PBSG, and incubated for

5 min. Afterwards the tubules were waslkgght to ten times with 25 ml PBS with
intermittent settling fo8 min. Subsequently, the fragmented tubules were incubated
with 1 mg/ml collagenase (Boehringer), 1 mg/ml hyaluronidase (Boehringer) and
20 pg/ml DNase | in PB% for 1015 min at 32°C ira shaking water bath (120 rpm).
After adding 20 ml of PB&5 the tubule fragments were allowed to settle for about
10 min.

The supernatant containing the PTC, was removed carefulyplemented with

20 ml RPMIA (with 12.5 ml L-glutamine 1000 U/ml penicillin, 10% FCSand

100 pg/ml streptomycin; all PAA) and centrifuged at 300 g for 10 min at room
temperatureThe PTC pellet was resuspended within 30 ml RPMIthe cells were
seeded in 7En-culture flasks (5ml/flask) and incubated at 37°C with 5@&0,.

After three passages (day 3, 5 and 7 after isolation) by briefly trypsinising (0.05%
trypsin and 0.02% EDTA [Merck] for 3 min) and splitting (1:2) the cells were seeded

on glass coverslips ia 24-well multidishe or ina 6-well-multidishewith a dengy of
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5x10°/well during the last splitting. Before experimental usage at day 9 PTC were
incubated 24 h with RPMI without FCS.

For the isolation of SC, the remaining seminiferous tubule fragments were washed
five to six times in PBS5 before incubatingni 20 ml of 1 mg/ml hyaluronidase and

10 mg/ml DNase | in PB® for 1315 min at 32°C and 120 rpm. After the tubules
were digested in small fragments they were rinsed five times in@@B8suspended

in RPMI-B (without FCS) and passed through an 18G ndedleetterseparationSC

were cultured in RPMB at a density of about 4 x Y@ell in 6-well multi-dish and
5x1C0/well on glas coverslips in a 2dvell multidish. After 3 days, the contaminating
germ cells were lysed by hypotonic shock treatment in 20TmMMHCI (pH 7.4) for
15-30 s and washed away using P8SSertoli cells were allowed to recover 3 more

days before experimental setup.

6. Molecular biology
6.1. RNA isolation

Rat and mouse testes weakenand vas deferens, blood vessels andeghididymis

were removed. The testis was decapsulated and 30 mg of the rat testicular
parenchyma and the whole testicular capsule was shock frozen in liquid nitrogen. Due
to the limited amount of material per mouse, the complete parenchyma of one testis
and one or both testicular capsules were used for the isolation of total RNA. In
addition, control samples (liver, heart, spinal cord, dorsal root ganglia) were collected.
The tissues were stored-80°C until further use. Primary isolated cells were washed
twice with PBS, lysed in RLT lysis buffer (Qiagen; Doncaster, Australia and Hilden,
Germany) and frozen a80°C.

Total RNA was isolated with the RNeasy Mini or Micro Kit (Qiagen) depending on
the amount of tissue or cells. 350 to 600 pl lysis buffer (Riikluding 1%
b-mercaptoethanol) were added to the frozen tissue and then homogenized with a
tissue lyser (Qiagen) using RNRee 2 mm iron balls for 3 to 6 min at 30 Hz.
Afterwards the homogenate was centrifuged for 5 min at 13 000 g and the supernatant
was collected. The cell culture samples were homogenized passing the cell lysate

5 times through a 26G or 27G needle. The lysate was not centrifuged. The following
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precipitation of the nucleic acids, loading on the column and the wash steps with
RW1 andRPE buffer occurred according to the manufaduneanual.

For on column DNA removal 10 pl DNase A (27.27 U) and 70 ul RDD DNA digest
buffer (Qiagen) were mixed and added to the column fo235min at room
temperatre. The RNA was eluted with 15 5@ pl of RNasefree water depending on

the expected amount of RNA. The concentration of the total RNA was measured
using a spectrophotometer (Nanodrop, peglab, Erlangen, Germany) and RNA was
stored at80°C.

6.2. Examination of RNA quality

The qualiy of total RNA especially contaminations with genomic DNA were
analysed by standard PCR or performance of positive and negatR€RT

For samples with a high amount of RNA such as TP, TC or PTC, reverse transcription
(RT) was performedas a positive anchegative RT -RT in absence of RT
transcriptase). The +RT (cDNA) and thBT samples were checked using standard
PCR and primer for a referenceactmrThehouseke:t
PCR was performed with 25 cycles for +RT and with 50 cyclesRdr. For samples

with a low amount of RNA, such as primary cell culture of TM, RNA was examined
using standard PCR with 50 cycles and primer for a HKG to detect possible DNA
contaminations Samples with no DNA contamination were transcribed into cDNA
and he relative quality was checked using standard PCR with primer for a HKG and
25 cycles.

The PCR products were mixed with 1x DMAmple buffer and separated by
electrophoresis using the Wide Mi8ub®CeltSystem and the Powea® 200 power

supply (BioRad: Munich, Germany; Gldesvill, Australia) with a 19 agarose gel
(Invitrogen, Eugene, USA). The agarose was dissolved in TAE containing
ethidiumbromid (0,00001%). 10 pl TriDye 100 bp DNA ladder (New England Bio
Labs, GenesearclPTY. LTD, Arundel, AUS or 1@ bp DNA leader (Promega,
Heidelberg, Germany) were used as a marker. The GeneGenius Bio Imaging System
(Syngene, In Vitro Technologies, Noble Park, Australia) and Intasgii@gen,

Germany) were used to visualise the DNA.
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TAE (Tris acetate EDTA buffer)

50x 1x
Tris base 242 ¢ 4.84¢ _
05 M EDTA 100 ml 2 ml Zﬁjc;m l_'|[0810000 ml
glacialacetic acid 57.1ml 1.142 ml pH S.

10x DNA-sample buffer

100% glycerol 30% (viv)
xylenrcyanol FF  0.25% (w/v)
orange G 0.25% (w/v)

6.3.Reverse transcription

Reverse transcriptiois a process which enables some RWAIses to integrate their
RNA-genome into the host DNgenome by transcription of RNA into DNA. The
iScript cDNA synthesis Kit (BidRad) uses the RNase H+ revetsmnscriptase from
Moloney Murine Leukemia Virus (MMLV). 1 pg RNA was mixed with 4 pl RT
reaction buffer containing premixed RNasaibitor to prevent indiscriminate
degradation of RNA template, oligo (dT), random primeretsurecomplete and
unbiased RIA sequence representation andullreverse transcriptase. The 20 ul
reaction was incubated for 5 min at 25°C and 30 min &4 he transcriptase was
then leat inactivated for 5 min at 85. The cDNA vas stored a20°C.

6.4. Polymerase chain reaction
6.4.1. Primer design

For analysing the mRNA expression level within the target tissue primer directed
against rat or mouse specific mMRNA sequences were designed. Information regarding

the mRNA sequences for the genes has been obtained fPabmed

(http://www.ncbi.nlm.nih.gov/ pubmed/Each sequence was aligned with the rat or
mouse genome to determine intrgmanning sites within the mRNA of interest.
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Tab. 3: Rat primer sequences foMR.

. length (bp) accession

I sequence (5@ localisation number
rM1 204  fw AGCAGCAGCTCAGAGAGGTC 204 NM_
rev.  GGGCATCTTGATCACCACTT (712-915) 080773
rM1 110 fw TCCCTGTCACGGTCATGTGTA 110 NM_
rev. ACCACCTTTGCCTGGTGTCT (595-705) 080773
rM2_193 fw CGAGTCTGGTGCAAGGAAGA 193 ABOL7655
rev. CTCATATTGGAGGCCACAGC (698-890)
rM2_192  fw TGCCTCCGTTATGAATCTCC 192 ABO17655
rev. TCCACAGTCCTCACCCCTAC (8324-515)
rM3_140 fw TACGGTCGCTGTCACTTCTG 140 NM_
rev. TCATCGGAGGAAGCAGAGTT (959-1098) 012527
rM3_287  fw AGGTTTGCTCTCAAGACCAG 287 NM_
rev. CACAAGAGGAGCGTCTTGAA | (14331719) 012527
rM4_163 fw GACGGTGCCTGATAACCAGT 163 XM_
rev. CTCAGGTCGATGCTTGTGAA (10051167) 345403
rM4_166  fw TCGATCGTTACTTCTGCGTCA 166 XM _
rev TTATCAGGCACCGTCCTCTTG @ (8541019) 345403
rM5_118  fw CCACCACTGACCCTGTCTTT 118 NM_
rev CTGTTTTCAGTCCGGGTGTT (19142031) 017362
rM5 180 | fw GACAGAGAAGCGAACCAAGGA 180 NM_

_,
@
<

GAGGTGCTTCTACGGGAGGAT (16261806) 017362

Sequences for forwardwf) and reverse (revrimers are given in ¥ 3 order. First
column: r = rat, M15 = MR-subtype, number = length of expected P@Bduct.

Tab. 4: Rat primer sequences for preinflammatory molecules.

accession
target sequence ( 5¢length(bp) Aumber
MCP-1 Qiagen: QT00183253 NM_
(CCL2) 117 031530
Qiagen: QT00182896 NM_
IL-6 128 012589
fw GCCTCTTCTCATTCCTGCTC
TNF-U rev CCCATTTGGGAACTTCTCCT 101 AJ002278

Sequences for forward (fjvand reverse (rev.) primers are given iff 53" order.
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Tab. 5: Rat primer sequences for AChR.

target sequence (5¢€ llengt_h (t_Jp) EEEEEE0)
ocalisation number
U1l _ 2 8fw AACTTCATGGAGAGCGGAGA 285 NM_
rev CAGCTCCACAATGACGAGAA (626-910) 024485
U2 _ 2 1fw GGAGCAGATGGAGAGGACAG 216 NM_
rev.  AGCACAGTGAGGCAGGAGAT (874-1089) 133420
U3 _ 2 0fw GCCAACCTCACAAGAAGCTC 208 NM_
rev CCAGGATGAAAACCCAGAGA (1231:1438) 052805
U4 _ 1 3fw GGACCCTGGTGACTACGAGA 137 NM_
rev CATAGAACAGGTGGGCCTTG (315452) 024354
U5 _11fw  CACGTCGTGAAAGAGAACGA 112 NM_
rev TCCCAATGATTGACACCAGA (12701381) 017078
U6 2 8fw ACAGCTCTTCCACACGCTCT 286 NM_
rev GAAGTCACCGACGGCATTAT (283-568) 057184
U6 13fw  GCTCTTCGCCCACTACAACC 139 NM_
rev CAGCCACAGATTGGTCTCCA (298-436) 057184
U7 2 8fw GGCTCTGCTGGTATTCTTGC 286 NM_
rev AAACCATGCACACCAGTTCA (741-1026) 012832
U9 _14fw CGTGGGATCGAGACCAGTAT 142 AY 574257
rev TCATATCGCAGCACCACATT (278419)
U9 _ 2 4fw CGTGGGATCGAGACCAGTAT 242 NM_
rev  AAAGGTCAGGTTGCACTGCT (365-606) 022930
u1o0 _ 3fw CTGCTGACTCTGGGGAGAAG 317 NM_
rev GGCTGACTCTAGTGGCTTGG (845-1161) 022639
u1o0 _ 1fw GTGCCACTCATCGGAAAGTA 107 NM_
rev TGTGCATTAGGGCCACAGTA (946-1052) 022639
U10_1fw  TCTGACCTCACAACCCACAA 168 NM_
rev TCCTGTCTCAGCCTCCATGT (1561:-1728) 022639
b1l 2Cfw CATCGAGTCTCTCCGTGTCA 206 NM_
rev TGCAATTCTGCCAGTCAAAG (361-566) 012528
b2 14fw AAGCCTGAGGACTTCGACAA 142 NM_
rev TGCCATCATAGGAGACCACA (468-609) 019297
b3 19fw CACTCTGCGCTTGAAAGGAA 196 NM_
rev GCGGACCCATTTCTGGTAAC (135-330) 133597
b4 37fw CTCCTGAACAAAACCCGGTA 371 NM_
rev ACCTCAATCTTGCAGGCACT (97-467) 052806

Sequences for forwardwf) and reverse (rev.) primers are given i 53" order. All primer 5
sequences except2  2add® 1 0 _ drén®ronspanningFi r st caonldu nfn : = Un AChR
subunits, number = length of expected P@Bduct.

Subsequently, primemwere automatically designed using theébmed primer Basic
Local Alignment Search TooIBLAST) programme lfttp://www.ncbi.nlm.nih.gov/

tools/primerblast/index.cgi? LINK LOC= BlastHome Adwith the following
parameters: meitg temperature 60°C, primer length 20 bp and PCR product length
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100-300 bp (Tab. 3, &). If possible, introrspanning primers were constructed to
prevent false positive amplification results from DNA contamination within the RNA.
DNA-contaminations would result in a bigger amplification product compared to the
expected amplicon. Primemwere ordered by Sigma (Sigmddrich, Castle Hill,
Australia) and Eurofins (MWG Operon, Ebersberg, Germdnygome cases, several
alternativeprimer-pairs were used for the same target such as rM1_204 and rM1_110
(Tab. 3). The length of the expected R@Rduct is part of the primarame.
Different primervariants can bélistinguisted by the number (primelength) within

the primername.

Tab. 6: Rat primer sequences for ChAT, transporter andHKG .

target sequence (5¢ length (bp) accession
localisation number

fw TGAACGCCTGCCTCCATTCGGC

(ChAT 272 CTGCTGA 272 XM -
- rev.  GTGCCATCTCGGCCCACCACG (10171289) 224626
AACTGCA
fw GCCACATCGTTCACTCTCTTG 149
'VAChT_149 rev.  CGGTTCATCAAGCAACACATC (13191467) X80395
OCT2 296 fw GCCTCCTGATCCTGGCTG 226 X98334
- rev.  GGTGTCAGGTTCTGAAGAGAG (780-1005)
fw ATCACGCCTTTCCTCGTCTA 162
rOCT2 162 X98334
- rev.  CTGCATATTCTCGGCATCCT  (14751636)
(CHT 189 fw ATGGCTCTACCAGCCATTTG 189 AB030947
rev.  GGACATGACAGCAGCAGAAA (10731261)
(CHT 150 fw CAAGACCAAGGAGGAAGCAG 150 AB030947
rev. GCAAACATGGAACTTGTCGA  (11521302)
RPL19 fw CATGGAGCACATCCACAAAC 216 NM-
rev. CCATAGCCTGGCCACTATGT (442-657) 031103
185 fw CCGCAGCTAGGAATAATGGA 245 M11188
rev.  AGTCGGCATCGTTTATGGTC (735-981)
b-actin fw ATGGTGGGTATGGGTCAGAA 232 NM-

rev GGGTCATCTTTTCACGGTTG (210442 031144

Sequences for forwardwf) and reverse (rev.) primers are given i 3" order. All primer
sequences except VAChT aimron-spanning.First column: r = rat, number = length of
expected PChroduct.
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Tab. 7: Mouse primer sequences for mMAChR, ChAT and transporters.

target sequence (5¢ Ilengt_h (bp) accession

ocalisation number

msHPRT  fw GCCCCAAAATGGTTAAGGTT 208 NM_
rev TTGCGCTCATCTTAGGCTTT (607-814) 013556.2

msM1 fw GCGTTTAGGCAGGAAGTCAG 227 NM_
rev  AGGGCCTACCTGGATGAGTT (18422069) 007698.2

msM2 fw CGGCTTTCTATCTGCCTGTC 169 NM_
rev. GGCATGTTGTTGTTGTTTGG (578747) 203491.1

msM3 fw ACAGTCGCTGTCTCCGAACT 181 NM_
rev. TCCACAGTCCACTGAGCAAG (415595) 033269.2

msM4 fw TCCTCACCTGGACACCCTAC 154 NM_
rev.  TTGAAAGTGGCATTGCAGAG (12291382) 007699.1

msM5 fw TCAGCCATCAAATGACCAAA 180 NM_
rev.  AGTAACCCAAGTGCCACAGG (12641444) 205783.1

msCHT fw  TTTCAGCTGCTGTCATGTCC 247 NM_
rev.  AGCAGCTGTGGGAAGATGAT  (10451292) 021815.2

msChAT fw AGGGCAGCCTCTCTGTATGA 181 NM_
rev  GAGACGGCGGAAATTAATGA (801-983) 009891.1

msVAChT fw TTGATCGCATGAGCTACGAC 246 NM_
rev.  CCACTAGGCTTCCAAAGCTG (437-683) 021712.2

msOCT2 fw AAATGGTCTGCCTGGTCAAC 172 NM_
rev.  AGGCCAACCACAGCAAATAC (14351606) 013667.1

Sequences for forwardwf) and reverse (rev.) primers are given iV 3" order. Sequences
for MR subtypes and VAChT arimtron-less First column: ms = mouse, M4 = MR-
subtype, number = length of expected P@Bduct.

6.4.2. Standard PCR

With the PCR technique it is possible to amplify small amounts of DNA until its
visualisation. The PCR is an endpoint analysis, which means the predoeasured
during the plateau phase. At this point differences in mRNA levels are not
proportional and cannot be compared between samples.
For the PCR reaction a 25 ul volume was used with 1 pl cDNA, 1x reaction buffer,
1.5 mM MgCh, 0.2 mM dNTP, 0.2 puMprimer (each: forward and reverse) and
TagrDNA polymerase (Adelaide: 0,625 units HotStar Tadus DNA-polymerase
Giessen: 0,625 usitGoTag DNApolymerase) For the experiments in Adelaide the
reagents were purchase from Qiagen and in Giessen from Rrofhg iCycler
(Adelaide, BioRad) and the PTQ00 (Giessen, Peglab) were used with the cycling
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steps describeldelow. The PCFproducts were separatedh\gel electrophoresis in a
1.8% agarose gel.

step time temperature

initial denaturation 5 min 94°C

deraturation 30s 94°C +—
anneahg 30s 60°C 250 X
elongation 30s 72°C

final elongation 7 min 72°C

cooling b 4°C

6.4.3. Quantitativereal-time PCR

Realtime PCR is a technique to collect data throughout the PCR amplification
process. Thereforet is possible to combine the amplification and detection of the
PCR product in a single step. After each cycle the amount of DNA is measwuted

will be displayed as an amplification curve.

In theory the amount of product should double in each cycle of PCR, which results in
an exponential increase during the amplification process. In reality the first few cycles
remain at background level asmaah increase of fluorescence is not detectable (linear
ground phase). Then, the amplification curve is entering the early exponential phase
and afterwards the lelinear or exponential phase (Fig.7). The last phase is called

nonexponential or plateau preaand occur due to limitation of reaction components.

An important point within the redagime PCR is the threshold cycle or Elere the
fluorescence is rising over the background level. If template is available in a high
amount it needs only few cyclemd generates an early or low Gumber. Low
concentrations of template result in a late or highn@mber. Quantitative redéiime

PCR allows accurate and precise quantification of product during the exponential
phase. In this phase the amplification riateimilar between samples regardless of the
amount of target cDNA. The visualisation is possible with fluorescence dyes. Here,
SYBR Green | was used, which is a DNA binding dye. An increasing amount of
double stranded PCR product results in an increadtuaescence. After the last

cycle the PCR reaction gets heategdwbpich results in the dissociation of all double
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stranded PCR products. The decreasing fluorescence intensity can be displayed as a
melting curve with melt peaks at a specific temperaflines can be used to clarify
the purification of the regime PCR product.

ARn Fig. 7: Reattime PCR flow chart.
5000000 e ORI The PCR amplification curve charts
the accumulation of fluorescent
emission at each reaction cycle. The
curve can balivided into different
phases: the ground phase below the
threshold, the exponential phase and
the plateau phase. Threshold cycle
(Cy) and amplification efficiency
can be calculated from the data
gathered from these phases. Bn

1,000,000 —
> Exponential phase

Baseline : N“'”““’Ih"’ the intensity of fluorescent emission
0 20 40 of the reprter dye divided by the
PCR cycle number intensity of fluorescent emission of

the passive dye (a reference dye
incorporated into the PCR master mix to control for differences in master mix volgorReh
is calculated as the difference in Rn values of a sample and either no template control or
background, and thus represents the magnitude of signal generated duringaR€&Rfrom
www.ionchannels.org.

The volume per PCR reaction was 25 pl containing ¢QUNA, 0.2 uM primer (mix

of fw and rev), 9 ul water and 14 pl iQ SYBR Green Supermix «Baal). Each
sample was prepared at least in duplicates and analysed with thisneeabtary
analyser RoteGene 3000 (Corbett Life Scienc®ortlake, Australiy or iQ™5
Cycler (Giessen, Bi®kad) with the parameter described underneath. The data were
analysed with the RotgBene 6 software (Corbett Life Science) or iCycler Software
(Bio-Rad).

step time temperature

initial denaturation 8.5 min 95°C

denaturation 20s 95°C <*—
annealing 20s 60°C 50 x
elongation 20s 72°C

final elongation 10 min 72°C

melting*

cooling b 4°C

*After the final elongation the PCR products were melted. The first step was 72°C for
45 sec. Then the temperature was increased about 1°C and each temperdtapt was
for 5 s until reaching 95°C
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Fig. 8: Melt curves of reattime PCR products.

The PCR producproduced by redime RT-PCR is heated up to dissociate the double
stranded DNA. The melt curve informs about the specifigitthe product. Irthe left panel
all triplicates have the same melt temperature, whereggtit panelone of two duplicates
shaved an additional pealat the incorrectmelting. Images were taken from a own
experiment.

Primer optimisation and verifying the real-time PCR results

For reproducible results the reaahe PCR primer needed to workth a comparable

PCR efficieng (optimum 100% + 20%). Therefore every primer wasimised using

a positive control in different dilutions (ag 1:10 and 1:100). The pringewere
addedalwaysin the same concentration.

To avoid false positive data retaine PCR result for every target and every sample
were checked. Samples which showed a melting curve with more than one peak or a
peak atan incorrectposition have been excluded (Fig. 8). In addition all PCR
products wereseparatd via electrophoresis in a ¥8agarose gel and samplgkich
revealeda band atan incorrectsize or a double band were excluddthe other

samples were used for further analysis.

6.5. In situ hybridisation

In situ hybridisation is used forlocalising and detectingspecific nucleic acid
sequences (DNA or RNA) in morphologically preserved chromosomes, cells or tissue
sections byhybridigng a labelled complementanucleotidestrand (probe) to the
sequence of interest. The detectiomatleic acid sequences within cells and tissue
instead of proteins is the major difference betwieemunohistochemistrandin situ

hybridisation (ISH).
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The technique was originally developed independentlyPhydue et al[242] and
John et al[243] using radioisotopéabelled probes and autoradiography for detection.
Although, radioactivdabelled probes are more sensitive than -ramhioactive
labelled probes most users prefer snadioactivelSH originally described by Langer
et al. [244]. There are two types of noadioactive hybridiation methods: direct
(fluorochrome} and indirect (digoxigenin, biotin)n this studydigoxigenin (DIG), a
steroid isolated from digitalis plan{®igitalis purpurea and Digitalis lanata was

used forprobelabelling (Fig. 9).

6.5.1. Preparation of the probe

In situ hybridisation probes were prepared with & RNA-Labelling Kit (SP617)

from Roche (Dee Why, Australia). The supplied N contains the nucleotide
uridintriphosphat (UTPs), which are coupled to DIG. These BU3Ps are
incorporated into nucleic acid probes with a defined density by DNA and/or RNA
polymerases. The necesgaprimers have been designed as described in 6.4.1
(Tab. 5 & 6). Furthermore, sequences were added to the n#pRéific primer,

which enables the binding of either the T7 or the SP6 fRblfmerase (Tab. 8).
These sequences are important for the generatfosense and antisense specific
probes. The T7 labelled probes are binding to the mRNA, therefore it represents the
antisenserobe. Sp6 labelled probes are the sgmsbes which is the control and

important for the specificity of T7 (Fig. 9).

Firstly, 75 pl PCR product was amplified using the spedifisitu primer. 10 pl of the

PCR product were analysed via gel electrophoresis to confirm a successful
amplification. The remaining 65 pl were purified using the GE¥CR DNA and

Gel Band Purifiation Kit (GE Healthcare, Buckinghamshire, UK) according to the
manufactureds instructions. The eluted
with 1/10 volume sodium acetate (3 mM) and 1 volume 100% ethanol. The solution
was incubatd at -20°C for D min, centrifuged (13 000 g, 20 min and 4°C), washed
with 70% ethanol and air dried in an RNdgEe environment. The resulting pellet
was resuspended in 11 pl RNd&see water and used for preparation of Bldbelled

RNA probes.
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DNA XX X

T7/Sp6 CLINA NBT/BCIP *
—_ s} *
T7/Sp6 PCR AP AP
anti-DIG * *

R
T7/Sp6

- — mRNA-probe T T

T7/Sp6 \ij’\
RNA Pol
DIG labelled sense mRNA

or anti-sense probe

Fig. 9: In situ hybridisation probe design and binding within tissue.

Left panel:ISH probes were amplified using T7 and Sp6 RNA polymerase anddhéled
UTPs. Right panel: the DH&abelled ISHprobes were detected with A&belled antDIG
antibody and visuaded with colorimetric AP substrates (NBT and BCIRAP = alkaline
phosphatase.

Tab. 8: Rat primer sequences fotin situ hybridisation.

T7 binding site TAATACGACTCACTATAGGG
SP6 binding site | ATTTAGGTGACACTATAGAA

situ_ChAT (312 bp)

fw: TAATACGACTCACTATAGGG TGAACGCCTGCCTCCATTCGGCCTG
CTGA

rev: ATTTAGGTGACACTATAGAA GTGCCATCTCGGCCCACCACGAAC
TGCA

situ_alpha7 (326 bp)

fw: TAATACGACTCACTATAGGG GGCTCTGCTGGTATTCTTGC
rev: ATTTAGGTGACACTATAGAA AAACCATGCACACCAGTTCA

Sequences for forwardwf) and reverse (rev.) primers are given il 3" order. The T7 and
SP6 binding sites are in bold.
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5.5 pl of the PCRproduct was mixed with 2 pl 10x DIG RNA labellirgix, 8.5 pl
RNasefree water, 2 pl 10x reaction buffer and either 1007 or 40U Sp6 RNA
polymerase (ul). The reaction was incubated 2 h at 37°C. By adding 2 ul EDTA
(0.2 M, pH 8.0) the reaction was stopped. The probe was then precipitated adding 2.5
pl LiCl (4 M) and 75 pl prechilled 100% ethanol. After 30 min incubation-80°C

the mixwas centrifuged (13 00§, 20 min, 4°C), washed with 70% ethanol and air
dried in aa RNasefree environment. The pellet was resuspended in 50 ul Rixese
water.Aliquots of he probes were stored-80°C.

The reactivity of the amplified probes wesmpared to a Didabelled control RNA
sample (100 ng/pl, Roche) supplied by the company using a dot blot system. RNA
sample and probes were diluted in DEPC water 1:10, 1:100 and 1:1000 at room
temperature. 1 ul of the dilutions and a neat sample weredadda nitrocellulose
membrane and crogisked with UV light for 10 min. The membrane was washed in
1x washing buffer (Roche) for 2 min and blocked with 1x blocking buffer (Roche)
dissolved in maleic acid buffefl M Maleic acid, 0.15 M NaCl, with NaOté pH

7.5 for 30 min with gentle shacking. The higffinity antiDIG antibody
(Fabfragments) diluted 1:5000 in 1x blocking buffer was added to the membrane for
30 min, followed by an incubation with 1x washing buffer for 2 x 15 min and with 1x
detection buffer (Roche) for 2 min. The afillG antibody is conjugated to alkaline
phosphatase (AP), which can be vissedi with colorimetricAP substrates (NBT and
BCIP). The detection occurred with NBT/BCIP solution (1:200, Roche) diluted in 1x
detection buffein darkness without shaking for not more than 1h. The reaction was
stopped by incubating the membrane in DEPC water for 5 min and the dot intensity of

the probes was compared to the BBelled control RNA sampde

6.5.2.In situ hybridisation on frozen tissue sections

In isopentane cryprotected and shock frozen rat DRG and testis were cut in 12 to
14 um sections anttansferredo polyethyleneimine (PEyoated slides (0.1%). The
sections were incubated as described below. All steps wenferped at room
temperature. The probes were diluted in preheated hybridisation buffer and again

preheated to 80°C. After the probes were cooled down for 5 min they were applied to
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the sections. The sectiomgere incubated overnight at €5 in a humid chaber
containing 5xsalinesodium citrate (SSC) buffer

step time components of the solutions

fixation with PFA 10 min 4% paraformaldehyde in sterile
1x PBS

wash with X PBS 3x 3 min

proteinase K 7 min 2 pg/ml proteinase K in 50 mM

digestion Tris, 5 mM EDTA

fixation with 4% 5 min

PFA

wadh with Ix PBS 3x 3 min

acetylation 10 min 29.6 ml water,

0.4 ml triethanolamine,

53.4 pl concentrated HCI,

76.3 pl acetic anhydride
wash with X PBS 3x 3 min

pre-hybridisation 2 hin a humid 4x SSC, 50% deionised
with hybridisation chamber containing formamide,

buffer, preheated to 5x SSC 1x Denhardt 6s
72°C 10% dextran sulphate,

100pg/ml yeast tRNA,

250 pg/ml Hering sperm DNA,
100 pg/ml yeastdtal RNA
(stored at20°C)

hybridisation with overnight in a humid preheated (8)
sense, antsense or chamber containing hybridisation buffer
buffer at 65°C 5x SSC

Note: Reagents for acetylatidmuffer must be mixed in order of appearance with
continuously stirring in the fume hood.

To avoid mixing the probes on the sections tiveye removed using preheated@2
5x SSC buffer. The wash conditions have been optimised for the probes which were

used for this protocol. These can be different for every probe.
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step time

wash with 5x SSC | 20-30 min, RT
gently shaking

wash with 1 hat 65C

1x or 0.2x SSC

wash with 5 min, RT

1x or 0.2x SSC

wash with 5 min, RT

levamisole buffer

blocking buffer 1h RT

detection

overnight, RT,
darkness

components of the solutions

100 mM Tris pH 7.5,

150 mM NacCl,

1 mM levamisole

5 ml 10x blocking solution,
5 ml 10x maleic acid,

40 mIDEPC water
antrDIG AP-Fabfragments
(1:5000) in blockingpuffer

To remove the unused antibody, the sections were washed with wash buffer (100 mM
Tris pH 7.5, 150 mM NacCl) 3x for 5 min each. Afterwards they were irtedbaith

1x detection buffer (100 mM THBICI, 100 mM NaCl pH 9.5) for 10 min. The
antiDIG antibody was detected with NBT/BCIP diluted 1:500 in detection buffer.

The sections were placed in the dark and checked after 1, 2, 4 h and overnight. The

reactionwas stopped by incubating the sections in DEPC water for 10 min. Finally,

the slides were covered with buffered glycerol, ceslgped and sealed with nalil

polish. Visualisation occurred with Olympus bright field microscope (Olympus,

Hamburg, Germany) anthe manufactu@ software.

PBS (phosphate buffered saline)

Nad 8.5¢

NaHPO, 1.07¢g
NaH,PO, 1x H,O 0.39¢g

adjust to 1000 m|

and pH ~7.1

Buffered glycerol pH 8.6

1.5 M NaC0Os; and 1.5 M NaHC@are mixed
until the solution has pH 8.6. One volur
carbonate buffer is mixed with one volume 10!
glycerol.
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7. Immunohistochemistry

Immunohistochemistry (IHC) is used for identifying cellular or tissue antigens by
antigenantibodyinteractions. Epitopes are mostly peptidedut could also be
carbohydrge moieties The antibodybinding is highly specific, which enables even
the differentiation of labelled compartments within the cells. The detection of antigens
is possible via a director indirectlabelling method. Direetonjugated primary
antibodies for exp. fluorophore) can be used for a fast detection with less unspecific
binding but have a reduced intensity and therefore weaker signals (Fig. 10A). To
increase the signal the indirdabelling method was established. A naomjugated
primary antibog binds to its epitope. One or more labelled secondary antibodies can
bind to the primary antibody and therefore amplify the signal (Fig. 10B). Both,
primary and secondary antibodies can be bound to a fluorophore, biotin or an enzyme
(Fig. 10). Immunoreadstity (IR) can be visualised by light (enzyme, biotin) or

fluorescence (biotin, fluorophore) microscopy.

A B

NG, o
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@ @)
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1. antigen (on surface or soluble)

2. labelled primary antibody (enzyme, fluorophore, biotin)
3. un-labelled primary antibody

4. labelled secondary antibody (enzyme, fluorophore, biotin)

Fig. 10: Immunohistochemistry (direct and indirect method)

Primary antibodies bind to specific antigens (1), which are either diopgugated (2.) or
nonconjugated (3.). Conjugated secondary antibodies (4.) bind tecomngated primary
antibodies (3.). Antibodies can be conjugated to enzymes (AP, HRP),phaes (FITC,
Cy3) or biotin. Biotin binds specific to avidin or streptavidin, which are conjugated either to
an enzyme or a fluorophore.
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7.1. Tissue immersion fixation and xylengrocessing for whole mounts and

sections

For IHC experiments the male reproductive organs and DRG were either fixed with
Zamboni 0 $245f (398 0.2 M BlaHPQO,, 110 ml 0.2M NaH,PO,, 25 ml

16% paraformaldehyde, 15 ml saturated picric acid, 10 ml disiMlater) or cryo-
protected with isopentane and shock frozen in liquid nitrogen. Dependent on the size,
the tissue was incabt ed i n Za mb o iCi fér one ftoi three tdays. o0 a t
remove the fixative from the tissue it was incubaedoom temperature (RT) 10x

tissuevolume with the solutions described below:

wash-step time

80% ethanol 3x 20 min, RT
90% ethanol 30 min, RT
100% ethanol 2x 30 min, RT
xylene 2x 30 min, RT
100% ethanol 2x 30 min, RT
80% ethanol 30 min, RT
50% ethanol 30 min, RT
distilled water 30 min, RT
1x PBS 30 min, RT

The tissue wastored in PBS/azide (0.1%) atCGl For whole mount experiments the
tissue could be used without further blockinguofpecific binding sites. For cryo
sectioning the tissue was orprotected in 18% sucrose &tCGifor one or two days.
Before freezing the tis& was embedded in tissue TER®T compound $akura
Finetek Europe B.V., Zoeterwoude, The Netherlaaas) storedt -20 or-80°C until

further use.
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7.2. Single and multiple labelling immunohistochemistry

Frozen tissue samples were used for @gotioning. The cryostat had a temperature

of -18 t0-22°C and the knife had an angle of five degreetal26 um thick sections
were mounted on 0.1% PEbated glass slides (Adelaide) or superfrost glass slides
(Giessen). The sections were dried for 30 min to 1 h at room temperature and either
used immediately or stored aR0°C. Sections of préixed tissuecould be used
directly. Sections of unfixed tissue had to be fixed before further use. Unfixed
sections were incubated immediately after defrosting with ice cold methanol, acetone
or isopropanol for 10 to 15 min aR0°C and air dried until all fixative as
evaporated. Afterwards the slides could be processed like explained further down.
Sections of fixed tissue were air dried for 10 min after thawing and washed with
1x PBS for 10 min. For both fixation methods the slides where incubated with 0.05%
Tweer®20 for 20 min, which increases the permeabitifythe tissues for a better
antibody penetration. This step and all following were performed at room
temperature. The slides were washedwdth 1x PBS for 10 min each. To block
unspecific binding sites thestions were incubated with 0.1% BSA (Roth, Karlsruhe,
Germany) and 10% normal donkey serum (NDS, Dako, Hamburg, aagjnor

10% normal horse serum (NHS, PAA) diluted in 1x PBS/azide for 1 h. The primary
antibodies were applied to the slides without ferttvash steps in 1x PBS/azide with
double NaCl concentration and incubated overnight in a humid chamber (Tab. 9). To
remove the primary antibodies the slides were washed 3 times with 1x PBS for
10 min each and secondary antibodies diluted in 1x PBS/azmde added to the
slides (Tab. 9). After 2 h incubation in a humid chamber the slides were washed
3x with 1x PBS for 10 min each. For visisalg the DNA the sections were incubated
with Hoechstor DAPI diluted in 1x PBS after the first wash step, follazy 3 wash

steps with 1x PBS for 10 min each. To exclude a ereastion between the
specimens and the secondary antibodies they were tested by omission of primary
antibodies on control sections. Finally the slides were covered with buffered glycerol
a cover slip and sealed with nail polish. Visualisation occurred with Olympus BX50,
Olympus AX70,Confocal Laser Scanning Microscope, TCS fP@ica) or Leica

LSM (Wetzlar, Germany) and the manufactarsoftware.
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primary
antibody

CGRP
CGRP
ChAT
ChT1

ED1 (CD69
ED2 (CD1®)
IB4-Alexaygg
IB4-biotin
NF200
Peripherin
PGP.5

US MRITC
TRPV1
VAChT
VGIuT1

secondary antibody

& reagents

antirabbitlg
antirabbitlg
antFmouselg
antirabbitlg
antirabbitlg
antisheep/goalg
antirmouselg
antFmouselg
antiguinea piglg
antisheep/goalg
antFmouselg
antiFmouselg
Streptavidin
Hoechst

DAPI

host

goat
rabbit
sheep
rabbit
mouse
mouse

mouse
mouse
rabbit

guinea pig
goat
rabbit

dky
dky
dky
dky
dky
dky
dky
gt

dky
dky
dky
gt

host

Tab. 9: Primary and secondary antibody orantisera.

supplier

Arnel
Peninsula
Chemicon
Chemicon
Serotec
Serotec
Mol. Probes
Sigma
Sigma
Chemicon
Neuromics
Sigma
Neuromics
Chemicon

Syn. Systems

conjugate

FITC
FITC
FITC
cy3
cy3
cy3
cy3
cy3
cy3
cy5
cy5
cyb
AMCA

dilution
section

1:1000
1:2000
1:2000
1:100
1:100
1:100
1:400
1:100
1:2000
1:500
1:500
1:800
1:1000
1:800
1:4000

supplier

Jackson
Chemicon
Jackson
Jackson
Chemicon
Jackson
Jackson
Dianova
Jackson
Jackson
Jackson
Dianova
Vectorlabs
Mol. Probes
Sigma

dilution
w/m

1:500

1:200

1:1000
1:50
1:500
1:500
1:500

1:1000

dilution

1:100
1:100
1:50
1:100
1:2000
1:100
1:100
1:1000
1:100
1:50
1:50
1:400
1:100
1:2000
1:1000
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Supplier: Arnel Products (N.Y., USA)Peninsula Lab. (San Carlos, USA), Chemicon
(Millipore, Schwalbach/Ts Germany), Serotec (Dusseldorf, Germany), Mol. Probes
(Molecular Probes, Invitrogen) Neuromidsdina, USA, Syn. Systems (Synaptic Systems,
Gottingen), Jacksordackson ImmunoResearch L.allest Grove, USQ Dianova (Hamburg,
Germany), Sigma SigmaAldrich, Munich, Germany). Vectorlabs (Peterborough, UK)
Abbreviations dky = donkey, gt = goat.

7.3. Preabsorption of antisera

The specificity of ChAT and VAChT antisenaere analysed by prabsorption
experiments. For this purpose the antisexere mixed with their complementary
peptides. The antibodies within the sera bound to the peptide, therefore no free
antibodies were left for binding to the analysing tissue. 100 nd/jthe specific
ChAT-peptide were prencubated with the ChAT antisen for 6 h at room
temperatureand the mixture was applied to a cgection afterwards. VAChT
antiseum (1:1600) was mixed with 80 ng/ul VAChpeptide and incubated overnight
atroom temrature The following procedure was done as described for IHC in the

chapter 7.2.

7.4. Whole mount

Tissue samplesvhich have been stored ix PBS/azidewere used for whole mount
experiments. The tissue was cut in small pi€@e3 mnf) and if necesary multiple
layers were separated as far as possible without tissue darsiageforceps The
samples were placed in agglutination tileéSoithern Biological, Nunawading,
Australig for further incubation steps and covered with 1x PBS until all samm@es w
ready for the first antibodies. Without any blocking step the samples were covered
with 10 to 15 pl primaryantibodymix diluted in 1x PBS/azide and incubated for 48 h
in a humid chamber. To remove excess primary antibodies the tissue was washed 3
with 1x PBS for 10 min each and the secondgarybodymix diluted in
1x PBS/azide was applied to the samples. After 24 h incubation in a humid chamber
the tissue was washed @ith 1x PBS for 15 min each. For better penetration 50 pl
buffered glycerol was mplied to the samples and incubated 6 to 12 h in a humid
chamber. In the end the tiss(@ separated tissue layersas prepared on uncoated
slides with fresh buffered glycerol, covered with a cover slip and sealed with nail
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polish. Visualisation occurreavith Olympus BX50 or Olympus AX70 and the

manufacturés software.

8. In vitro and in vivo experiments

8.1. Measurement of intracellular calcium concentrations

The intracellular calcium concentration can be measured by different fluorescent dyes
such & Fura2 or Flue3. Here Fur&2AM (fura 2 acetoxgnethyl ester,Mol. Probes)

was used, which gets modified after entering the cell and is therefore unable to leave
the cell again. Furd binds to free intracellular €aand forms a chelateomplex.

The fluoescence intensity of Futais depending on the amount of free calcium. This
emission maximum of 510 nm can be reached by stimulation with light of 340 nm, if
the calcium is bound, or with light of 380 nm, if the calcium is fidee amount of

free intrac8ular calcium can be analység calculating the ratio 340/380 nm

Peritubular cells and SC have been cultured as described in chapter 5.2.2 and were
ready to use after the incubation time mentioned before. Testicular macrophages
needed to be incubatedef the final washing step for anotheBa. All cells were
seeded on glass coverslips. In advance, the coverslips were washed with acetone,
rinsed twice with 100% ethanol, air dried and sterilised. After settlement, the cells
were washed 2x with HEPHSIffer, loaded with 3 pM Fura2 AM for 30 min to

1 h at 32°C or 37°C and washed again 3x 10 min in HEIREfer to remove unused
Fura2. The coverslips with the dyileaded cells were placed in a measuring chamber
(culture dish, Delta Bystem, Bioptech n, Butler, USA) with 1 ml HEPES®uffer at

a constant teperature of 32°C (TM, SC) or 3€ (PTC). All used solutions were pre
warmed. Nicotine and ACh have been prepared fresh as a stock solution (10 mM) for
each experiment. ATP (100 mM) and muscariner(iM) could be stored as aliquots

at -20°C. During the experiments nicotine and ATP were used with 100 uM and
muscarine and ACh with 10 uM. The dilutions were made in HEPES.

The basic experiment continued 400 s (Fig. 11). Three applications were made at
t =40 s (HEPES), t = 160 s (HEPES, ACh, nicotine or muscarine) and at ts 280
(ATP). Following this general satp modified experiments includingn inhibitor

were conducted-or one set up the buffer was cgad continuously using a Gilson

minipuls 2pump (Gilson, LimburgDffheim, Germany)
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HEPES HEPES ATP
ACh or agonist

1 time [s]

0 40 160 280 400

Fig. 11: Flow chart for calcium-imaging experiments.
In the course of the experiment the cells got stimulated at three time points: with HEPES at
t = 40 s, with HEPES, ACh, nicotine or muscarine att = 160 s and with ATP att =280 s.

Every two seconds fluorescence images were taken with asskvchargedoupled
device camera system with a fast monochromataméralMGO, TiLL Photonics,
Grafding, Germany). The monochromator was coupled to an inverted microscope
(Olympus BX50WI) with a20x water immersion objectivahe cells were excited
with 340 nm and 380 nm wavelengths (&)
coll ect ed m(Fig.H2).ahedmade (00 mages in 400 s) were analysed
with the TiLLVision software (TiLL Photonics). Each cell was labelled individually
and the fluorescence intensity ratio of 340880nm was calculated. The threshold
was set to < 5% change in [ Viability of the cellswasobserved by trypan blue
and dead cells were excluded from the analysis.

Signal intensity of t = 0 s was set as 100%, so the baseline was usually afTh@0%.
course of the experiment was plotted into a diagram (mean, SEMW) Microsoft
office Excel 2003.

HEPESbuffer 5.6 mM KCl, 136.4 mM NaCl, 1 mM Mggl2.2 mM CadC{,
11 mM D-glucose and 10 mM Hepes

ATP adenosine Myiphosphate di(tris) salt dihydrate
Sigma

nicotine nicotine hydrogen tartrate, Sigma

muscarine muscarine

ACh acetylcholine chloride, Sigma

atropine atropine sulfate, Sigma
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Figl2: Fluorescence intensity after excitation =
PTC (A & B) and SC (C &D) were exposed to ATP. Excitation with monochrome light at
& = 380 nm is shown before (A & C) and after

intensity of the cells decreases for all PTC and SC. The arrow labels a gemittgalithe
SC, which does natespond to ATP.

8.2. Retrograde tracing with Cholera toxinB

Neuronal tracing means the application of a tracer to either peripheral endings of
nerve fibres for retrograde transport to the cell body situated in a ganglion or into the
ganglion or brain for anterograde transport to peripheral endings. The idetifio&ti

the projecting neurons from the CNS to the peripheral tissue is the aim in both cases.
Possible tracers are horseradish peroxidase (HRP), Qihalera toxinB (Ctx-B). In
contrast to Dil or HRP, which are passively taken up by neurons, Ctx islgdaken

up and transported by the neuron. Cholera toxin is secreted by the badtdyiion
choleraeand is composed of two subunits: A and B. The five-taoiic B subunits

form a pentamere and are required for the binding to theTdsd A subunit ighe
enzymatic active subunit that must eventually dissociate to fulfil its function. The
binding of the B sbunits results in the internadison of the entire CtA;Bs complex.

This characteristic is used for Ctacer. The tracer used in this study iEX8sss

conjugated CtB, which is prepared from recombinant Ctx subunit B (Mol Prpbes
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Male Wistar Furth(FMC) rats 180 g of weight were used in the experiments. The
surgery was performed unilateral at the left testis of each rat. The rats were
anaesthésed i.p. with a combination of Idg/kg xylazine hydrochloride, 8@g/kg

ketamine hydrochloride and g/ kg atr opi ne. I n pg/kgdi t i on
buprenorphine.m. against possurgery painAfter they were under degmaesthesia

the scrotum s shaved with an electric shaver and disinfected with 70% ethanol.

A 2 cm cut through scrotum, fascia externa and fascia interna was made using a
scissor and the skin was fixed with a haemostat. Each rat was traced with two dyes.

In the first experiment 7@l Ctx-B-Alexasss (0.5 pg/pl) were applied on the
meso between the epididymis and the vas deferens using a Hamilton syringe. 50 nl of
the second tracer, G8&-biotin (0.5 pg/ul), were injected in the following tissues:

(1) into the testis parenchyma, (Bgtween the vas deferens and the surrounding
adventitia and (3) into the epididymis. In the second experiment 50 fB-Giatin

(0.5 pg/ul) were injected into the testis parenchyma and 20 BOAkexasss

(0.5 pg/ul) were again applied on the meso leetw the epididymis and the vas
deferens. Here three rats were treated with the same conditions. After the surgery the
wound was sutured with 5.0 black silk and cleaned with iodine solution. The animals
were placed in individual cages and illuminated witheating lamp until they woke

up.

After 6 days the animals were deeplyestletizedwith isoflurane and perfused with

Zamboni 6s fixative. At first t hehealel o od wa s

medium into the heart. Then the medium was replacezi Y0 ml Zamboni 6s
and the animal was incubated 20 min at room temperature. All DRGstliiaracic

12 to sacral 1 from both sides, contaad ipstlateral, were isolated and incubated in
fixative for another 24 h. The samples were washed threritdimes with PBS until

the yellow colour disappeared. After incubation in 18% sucrose for 24 h the samples
were embedded in tissue @and slowly frozen in20°C. The samples were cut,

whereas every section was collected, and used for-rab#llingIHC.
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8.3. Induction of experimental autoimmune orchitis

Male inbred Wistar Kyoto rats (Charles RBRiy were actively immuned with
syngeneic testicular homogenate (TH) as previously described by Doncel et al. (1989)
[60].

Briefly, 10 réas (180G 220 g body weightjvere anesthetized by i.p. administration of
100 mg/kg ketamine (Ketavet; Pharmacia, Erlangen, Germany) and 10 mg/kg
Xylazine (Rompun; Bayer Vital, Leverkuse@Germany). The rats were immueads
with a mixture of 0.4 ml syngeneic TH
(Sigma) which was injected subcutaneously intohimel pavs and at variousites at

the back. Injection sites at the footpads were sealed using Histbéissgle glue
(Braun, Tuttlingen, Germany). These injections were repeated twice at 14 d intervals.
In addition an injection of inactivated Bordetella pertussis (Bp) bacteria (DSMZ,
Braunschweig, Germany) was appliedtie rats. The first two immurasions were
followed by anintravenous injection (in the tail vein) of Y®p bacteria dispersed in

0.5 ml isotonic saline. The third immunisation with TH was followed by
intraperitoneal injection of 5x2Macteria applied in 0.5 ml isotonic saline. Control
animals (n = 7) receivec omp |l et e Freundos adjuvant
homogenate, following the same scheme.

Fifty days after the first immunragion, the three animal groups; EAO, adjuvant
contol and untreated control (n =%; were killed by a lethal dose of isoflurane.
Testes were removed, weighed and decapsulated. 30 B fwdbm each rat were
snapfrozen in liquid nitrogen and stored until needeeBatC.

Experimental procedures were approved by the local authority (Regierungspraesidium

Giessen) andonformedto theCode of Practice for the Care and Use of Animals for

Experimental Purposes.
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9. The cholinergic system of rat testicular parenchyma and testicular capsule
under non-inflammatory conditions

The testicular parenchyma shows no innervation although there is evidence for the
presence of ACh within the testiBrof. Klein, Frankfurt, Germany, unpublishedp

prove if the rat testis is a source for ACh or if testiceklts express ACheceptors
themselves mMRNA isolated from the testis was analysed usintimeaPCR

Testicular parenchyma and testicular capsule were separated and used for RNA
extraction. The mRNA was reverse transcribed into cDNA. In a first apprdaee
samples from each tissue were analysed viatimal PCR for nAChR subunits
U107, U9, -b4)ChAT, OBGTR and VAChT. Dependent tite presence of the
targets at least two more samples were analysed for complete statistical analysis. In
case bsimilar results in TC and TP the number of analysed experiments was three.

9.1. Relative mRNA expression analysis ofieotinic AChR-subunits

In contrast to the parenchyma, which contained the mRNAs for 11 out of 13 nAChR

subunits including mRNAs fosoc al | e d Aimuscle specifico U
(Tab. 1) , the capsulkan dknAEhResstmrets (Taglo)l In TP,

mMRNA f or NAChR subunit b4 could not be d
detectable in3/5 samples and in two samples the expmessvas very low. Both
receptor subunit s, U6 alddig.A3% In pakemahyena,pr esent
the rank order of the mRNA expressionlewsla s nA-€bh Ru >0z U S 4

U9, whereas in the>kapsWiFg 13AK8). order was U.
For the subunits U2, U3, U4, U6 and U9 a s
could be observed between thegrachyma and the capsulEhe relative expression

oo U2 and U6 wa 6.008, iTapi0) higheciratmetcdpsule Comped to

the parenchyma whereas the subunits us,

expressed (TadlO) . The relative expressihbdn wleewel s
similar in parenchyma and capsul e. Il n the
expressionl evel -hhamndlas mentioned before b4

parenchyma (Fig3C & D).
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Fig. 13: mRNA expression level of nAChR subunits in TP and TC.
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Tab. 10: Comparison of relative mRNA expression levels of nAChRubunitsin TP and

TC

target

U1
U2
U3
U4
Us
U6
U7
U9
Uu1io

samples

n

W ol waowo ool w

TP
mean = SD

30.1+£0.17
29.2+0.54
28.9+0.92
39.8+0.19
33.5+0.42
8.7+11.94
34.6+ 0.55
32.9+0.39
29.0+£0.94

TC
mean = SD

31.0+1.23
31.7 £0.55
27.2 +0.58
38.1+0.70
32.2+1.50
30.3+0.78
345+1.10
30.9+0.73
28.3+0.52

P-values
TPvs. TC

n.s.
0.008
0.016
0.008
n.s.
0.008
n.s.
0.008
n.s.
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target

b1
b2
b3
b4

samples

g1 w ww

TP
mean = SD

34.8 +0.40
35.8 £ 0.68
33.9+0.19

0.0 +0.00

TC
mean = SD

34.0 + 0.64
34.6 £1.50
34.0+0.28
29.4+£0.44

P-values
TPvs. TC

n.s.
n.s.
n.s.

0.008

Relative mMRNA expression level of three to five samples collected from individual animals
(n) were analysed using qRACR. Data expressed 38 G values(columns three and four)
were evaluated using MatWhitneytest. Column 5 shows thB-values for individual
targets. TP = testicular parenchyma, TC = testicular capsule, n.s. = not significant.

9.2. Relative mRNA expression analysis of muscarin&ChR-subtypes

To determine the existence of MiRbtypes within the testis, relative mRNA

expression levels were analysed in TP and TC. All five-3dBtypes, MR to MsR

were expressed ifP and TC(Fig. 14, Tab. 1). The expression pattern differed

between P and TC. Whereas iparenchymaM,R and MR showed the highest

expression levels, mRNAs forJR and MR were the most abundant in the capsule.

M;iR-M3R were significantly lower expressed in TP compared to TC whergRs M

was significantly higher expressedidF14). The MsR was expressesimilar in TP

and TC.Exact numbers ang-values are shown in Tab. 11.

Tab. 11: Expression of MR subtypes in TP and TC.

target

MR
M2R
MR
M4R
MsR

samples

n

o1 o1 01 01 01

TP
mean = SD

30.48 + 0.87
29.31+0.76
33.42 £ 0.29
38.52 + 0.22
32.45+0.33

TC
mean = SD

32.56 + 0.38
40.49 + 0.46
34.00 £ 0.40
37.01 +0.36
31.69 + 0.56

P-values
TP vs. TC

0.008
0.008
0.016
0.008
n.s.

The relative mRNA expression levels of five samples collected from individual animals (n)
were investigated via qRPCR. The resulting data (columns three and four) expressed as
500G were analysed via MarAwhitney-test (seeP-values in column 5). TP = testicular

parenchyma, TC = testicular capsule, n.s. = not significant.
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Fig. 14: mRNA expression level of MR subtypes in rat TP and TC.

Data are plotted as Box plot with n = 5. For primer with more than primerset the
following variants were used: M1 204, M2_193, M3_140, M4_163, M5 (Ta4®. 3) The
circle repr es evalues waresstibtractedrfrom 5D khewingp Bigher vaits
higher expression. Significances were analysed by Méhitney-test and are shown in
Tab.11.

9.3. Relative mRNA expression analysis of ChAT, ChT1, OCT2 and VAChin
rat testicular parenchyma

All four molecules were expressed in TP and TC and the rank order of the relative
MRNA expression levels was ChAT > ChT1 > OCT2 > VAChT for both tissues.
Comparison of relative expression levels of TP and TC showed significantly higher
ChT1 mRNA expressn in TP (Tab12 Fig. 15).
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Tab. 12: Expression ofChAT, ChT1, OCT2 and VAChT in TP and TC.

target samples TP
n mean + SD
ChAT 5 37.17+0.81
ChT1 7 35.03 £ 0.30
OCT2 3 31.77 £0.28
VAChT 3 27.72£0.81

TC P-values
mean+*SD TP vs. TC

35.97 £ 0.86 n.s.
32.79 +0.46 0.001
31.89 +1.56 n.s.
28.59 + 1.98 n.s.

Relative mMRNA expression levels of three to seven samples collected from individual animals

(n) were investigated via gRFCR. The resulting

data expressed asB® (columns three

and four) were analysed via Maihitney-test. Column 5 showB-values for individual
targets. TP =testicular parenchyma, TC = testicular capsule. n.s. = not significant.

38.0 -
36.0 - —
34.0 -

32.0 1
30.0

50-AC,

28.0 -
26.0 -

Ak

=
e

T
TC TP TC TP
I

ChAT ChT1

Fig. 15: mRNA expression level of @T2, VAChT,

3 3 33
TC TP TC TP
LI LI
OCT2 VAChKT

ChAT and ChT1l inrat TP and TC.

Data for choline acetyltransferase (ChAT), hajfinity choline transporter (ChT1), vesicular
ACh transporter (VAChT) and organic cation transporter 2 (OCT2) are shownp&Gs
Box plot. For primer with morghan oneprimerset the following variants were used:

ChT1 189, OCT2_22¢Tab. 6.). Data were anal
are shown as asterisk within the plot.

ysed by Mahhitney-test andP-values
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9.4. Relative mRNA expression of mMAChR, ChAT, ChT1, VAChT and OCT2 in
mouse testicular parenchyma andcapsule

Additionally to rat samples, mouse samplgsre analysed for mRNA expression
level of muscarinic AChreceptors, the synthesizing enzyme and thespartersAll

five MR-subtypes, MR-MsR, are expressed in TC and ©Pmice (Fig. 16) In the
parenchyma, the MR-subtype showed the highest andRvsubtype the lowest
expression level whereas within the capsule a similar mMRNA expression level was
observed for MR and MR subtypes. NR, M2R and MR were expressed similgrin
parenchyma and capsule. A significant difference in the expression level could be
observed for MR, M3R and MR between the TC and TFPab. 13)

The relative mRNA expression profiles for ChAT, ChT1, VAChT and OCT2 were
also determined in murine tissuAll four molecules were expressed in TP and TC.
The relative mMRNA expression levels of ChAT and OCT2 were similarly in TP and
TC. In contrast to the rats VAChT showed the highest mMRNA expression level of
these four molecules and ChT1 was absent in thue®f five analysed TSamples

(Fig. 17, Tab. 13)

Tab. 13: Expression of MR subtypes and AChrelated molecules in mouse TP and TC.

target samples TP TC P-values
n mean + SD mean + SD TPvs. TC
M1R 5 42.40 + 0.80 40.94 £ 0.90 0.032
MsR 5 41.56 +0.63 40.91 + 0,58 n.s.
M;R 5 38.35+1.17 43.70 £ 0.43 0.008
M4R 5 4559 + 1.07 44,46 +1.17 n.s.
MsR 5 42.68 + 0.98 41.13+0.82 0.032
ChAT 6&7 38.02 £ 0.81 3741 +£1.17 n.s.
ChT1 2&5 36.25 +0.81 34.97 £ 0.06 n.s.
OCT2 5 38.74+1.11 38.09 +1.10 n.s.
VAChT 5 4521 +1.11 43.13+1.03 0.032

The relative mMRNA expression level of two to seven samples (n) collected from individual
animals was investigated via gFPICR. The resulting data expressed asyB® (columns
three and four) were analysed via Manhitneytest. Column 5 shows the-values for
individual targets. TP = testicular parenchyma, TC = testicular capsule, n.s. = not significant.
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Fig. 16: mRNA expression level of MRsubtypes in mouse TP and TC.

Data are plotted as Box plot with n = 5. Used pr@ee described in Tad. T hrevalugsC

were subtracted from 50 showing higher values with higher expression. Significances were
analysed by Mawhitney-test and arendicaed by asteriskTab. 13).
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Fig. 17: mRNA expression level of OCT2, VAChT, ChAT and ChT1 in mouse TP and

TC.

Data for choline acetyltransferase (ChAT), hajfinity choline transporter (ChT1), vesicular
ACh transporter (VAChT) andrganic cation transporter 2 (02) are plotted as Box plot
500G (n = number of experiments). The circles represent outlier. Significances were
analysed by ManiWhitney-test and arendicated by asteriskr@b.13)
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9.5. Immunohistochemical detection o€hAT, ChT1 and VAChHT in rat testis

Immunoreactivity for ChA¥, ChT1 and VAChT-proteinsweredetected in testicular

parenchyma. The labelling was present mainly within the seminiferous tubules.

9.5.1. Immunoreactivity for ChAT in testicular parenchyma

ChAT-IR could be found in primary and secondary spermatocytes as well in
spermatidgFig. 18A, B & D). In addition, ChAFIR was present in blood vessels
(Fig. 18D arrow) and individuatellsat the basef the tubulesvhich might represent
spermatogoni@Fig. 18 C arrow). The specificity of the antibody was verified by pre
absorption, which abolished immunolabelling in spermatocytes (B8 & D

arrows)and reduced in spermatidgFig. 19B & D arrowheads).

9.5.2. Immunoreactivity for ChT1 in testicular parenchyma

In addition to ChAT, ChTAR was present in spermatocytdsseminiferous tubules
(Fig. 18, 20E & F). Furthemoreit could be observed that the localisation of ChT1
IR variedin tubules in esstage dependent manner (FigD2& E). In tubules ba later
stage with more mature spermatids, the GH Was weaker and more diffuse than in
tubules in an earlier stagé spermatogenes{§ig. 20A & B). In addition, individual
cells at the base of the seminiferous epithelium that likely represent smeyomia
were labelled positive for CHT1 (Fig. 20C arrow).

9.5.3. Immunoreactivity for VAChT in testicular parenchyma

Immunoreactivity for the VAChT protein could be detected in cells within the basal
layer of the seminiferous epitheliums seen for ChTand ChAT. In compagon to
ChT1 and ChAT the VACKHIR was more intensand visualised the presence of
branches passing the surrounding layer of PTC (A, 2rrow).The morphology of

the VAChT-immunoreactive cells was similandicating spermatogonia oa
spermatogonial subpopulation as thaimbes werelow Fig. 21) but could not be

observed in every tubule within one section of the rat testis. VABWas present
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in blood vessels too (Fig. 21A arrovi§xcept the obvious labelling of these cells, the
VAChHT labelling was weak within the tubules; therefore no specific cell type could
be identified. Specificity of VAChJantiserum was determined by a qatgsorption
experiment with VAChT peptide on rat heart sections. No nerve fibres positive for
VAChT were observed after incubation with a mixture of VAGa&ftiserum and
VAChT-peptide, whereas VACHpositive fibres were visible in the sections
incubated with VAChTantiserum alone (Fig. 228 D, arrows).

Fig. 18: Multiple labelling immunohistochemistry for ChAT.

Cryo-sections of fresh frozen testis were fixed with methanol and labelled with-ahtep

ChAT antiserum (red) and FIFE€E o nj u g-SNlfe dntibddy (green). Scale bars:
A =100 um, B & D = 75 ym, C = 20 um. Arrowadicate spermatocytes (B), cells in the

basal layer (C) and a blood vessel (D).
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Fig. 19: Validation of ChAT antiserum.
Cryo-sections of fresh frozen testis were fixed with methanol and incubated with-ateep

ChAT antibody (A& C) or with a preincubated ChATpeptide (40 ug/ul)i ChAT-
antiserummix (B & D). Arrows = spermatocytes, arrowheads = spermatids. Scale bars:

A & B =100 pm, C & D = 25 pm.

Fig. 20: Multiple labelling immunohistochemistry for ChT1.

Cryo-sections of fresh frozen testis were fixed with methanol and labelled with-gatibit
ChT1 antserum(red), FITGc o n j u gSM®A antibody (green) and Hoechst (cyan). Arrow
(C) indicating a ChT1 positive cell in the basal layer. Scale bars A, B, B &75 um,

F =100 um, C = 20 pm.
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Fig. 21: VAChT multiple labelling immunohistochemistry.
Cryo-sections of fresh frozen testis were fixed with methanol and labelled witkagtiat

VACHhT antiserum (red) and FIF€ o nj u g-8NMAe antibody (green). Scale bars:
A =250 pm, B =75 pm, C =50 um, E =25 pm.

Fig. 22: Validation of the VAChT antiserum.
Cryo-sections of fresh frozen testis were fixed with methanol and incubated witlargeat

VAChKT antiserum (B &D) or with apre-incubatedVAChT-peptide (80 pg/ul)i VAChT-
antiseruramix (A & C). Scale bars: A =100 pm.
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96.Insituhybr i di sat i on -bubunitanchChATUh7at teséisC h R

Since subunispecific NAChR and subtypspecific MR antisera wereoh available

[246, 247] it was not possible to further analyse the expression at the level of receptor
proteins. Thereforghelocalisationo f  t -hAChRG@bunit and in addition the ACh
synthesisinggnzyme ChAT were analysed by ISH.

9.6.1. Optimisation ofin situ hybridisation probes using spinal cordas control

tissue

In situ hybridisation probes were generated BHES RNA-Labelling Kit and PCR.

ChAT and U7 s pswere isedcfor stehdhird PER tonmave rthissue

specificity (Fig23 . ChAT and U7 svieee nsedas primd? §pBeifip r i me r
controls. RPE19 served as eeference gene angositive control for the analysed

tissue: testicular parenchyma. Bothnper worked nicely in standard PCR and could

be used for further experiments. The highprvaluesof the ISH primers are related

to the additional sequence for T7 and SP6 binding sites.

Fig. 23: Control PCR with ISH

primer pairs.

Primess for ISH were used in standard

PCR to check the specificity (lane 1:

ChAT; lane 3: U7). Standar c
ChAT, U7 (lane192 and 4) anc
(lane 5) served as controls.

Because of the unknadv@hATImBNAawithirs thet testsn o f U7
sequence specific probes were checked their localisationon rat spinal cord

sections. The protml was used as described in 6.5:th the recommended

hybridisation temperature of 72°Qhe resul using this temperaturevere not

satisfying (Fig.24A-C) . The hybridisatiranchChApnohee r at ur e

had to be opinised and was finally settoA3C, whi ch | ead to the de
ChAT in cells of the control tissue spinal cord using ansisebut not sengarobes

(Fig. 24D-F). After successful ISH in the positive control spinal cord, the probes

could be used for mRNA detection in rat testis.
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O

Fig. 24: ChAT mRNA detection in rat spinal cord via ISH.

ISH was performed with ChAT sense (B & &)d antisense (C & F) or in absence of
DIG labelled probes (control, A & D) at 72°C {@) or 65°C (DF). Scale bars:
A-C =75 um and BF =100 pm.

9.6. 2. Localisation of mRMNWwungangChdBisi on ff or

rat testis

ChAT mRNA couldbe detectednainly in primary spermatocytes and weaker in

round spermatidg¢Fig. 25B-D, G & H). The expression was similar in different
populations of seminiferous tubulestbé same sample (Fig5B).

In addition, the mRNA for U 7subunit was identifiedin seminiferous tubules
(Fig.15).1 n contr ast to ChAT, t he mRNA for U7
tubules of one analysed sectimulicating stage specificit{fFig. 26C & D). Mostly

round spermatids were strongly positifeo r U7 withRwéakerlabelling in

primary spermatocytes and no visible staining in spermatogdtagaertheless in

some tubulesU 7 mR$AMs to be present in primary speoogtes and

spermatogoniéFig. 26).
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Fig. 25: ChAT mRNA detection at rat testis vialSH.
Testis cryesections were incubated with astnse probe @®, G & H), sense probe (E & F)

or with no DIG labelled probes (control, A). Scalark: A, C, F &G = 50 um;
D& H=20pum and B& E =200 um.

Fig. 26: U7 mtRatastisdvialSld.ct i on
Testis cryesections were incubated with astinse probe @, G & H), sense probe (E & F)

or with no DIG labelled probes (control, A). Scalark: A, C, F& G = 50 um;
D & H=20 pm and B& E =200 pm.
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10. Testcular somatic cells: peritubular cells, Sertoli cells and testicular
macrophages

10.1. Immunohistochemical characterisation of isolated and cultured testilar

somaticcells

To test the purity ofsolated primarytesticularsomaticcells, they were cultured on
coveslips and the presence of characteristic marker proteins was determined using
immunohistochemistr{fig. 27)

Testicular macrophages were characterised by immunolabelling with ED1 (CDG68)
and ED2 (CD163) antibodies, which recognise migrated monocytes esia#ni
macrophages. Nuclei were stained with DAPI. The ratio of ED1/ED2 positive cells
and DAPI positive cells showed an%0enrichment (80% + 3.5®6, n = 5) of

isolatedprimary TM cultures.

Fig. 27: Celltype specific labelling of PTC,SC and TM.

Isolated testicular cells can be stained spedific®TC are labelled with FIT€onjugated
USMA (A, C & F), SC are visualised with mouaati-ratvimentin (B) and mousanti-rat
ED1/ED2 (red) was used for detection of TM (ARCE). DAPI isshown in blue. Scale bars:
B&D =100 um, A &C =50 um, F =25 ymk = 14.4 um
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Isolaed PTC were allowed to passagieree timesa process which destroys virtually

all contaminants in parallel to expansion of PTC by proliferat®orC were defined

byt he positi v-8MAsandeDARI.iTihegutyf ob RTCsUvas around 98%
(97.6% £ 0.99%, n = 4). Sertoli cells were isolated and incubated for 6 days. The SCs
were labelled with vimentin and DAPI and the purity was determineet®0%
(89.5% £ 1.86%, = 4).

10.2. The cholinergic system in testular somaticcells

Beside various germ cell typesexpressionof ChAT-, ChTx, VAChT-, OCT2,

n ACh Ra @ d-mRNAs has been analysémt PTC and S@s part othe thesis of

Iris Eckhardt.In this studyrelaive mRNA expression level®or the same molecules
were analysed TM, whilst SC and PTC were used as intraassay controls.

PTC, SC and TM were isolated as described previously, total RNA was isolated and
revase transcribed into cDNA (6:16.3). The rédative expression of mMRNAs was

analysed for the remaining nACkRIbunits and MRsubtypes via standard RACR.

n A Ch Rsubbnits. Al | analysed PTC samples contain
Four out of five preparat i48)nlisSCaohesoat ofc ont ai n
four samples showed no PCR product that <co
showed posititoefed r @ZEA).bThesnRNAoexprebsibn pattern for

TM showed a varisabhluemideat e Otnilyn safbami t b3
analysed primary cultured TM (Tali4A). One, two or three out of six samples

showed a positive reldAblt for b4, bH1l and b2
n ACh RsubUnits.Overal |, t he e x pubengssaamnalysed iif RTC, n AChR
SC and TM samples wdseterogeneous N ¢ o mp a r i-subunits. inoPTG@ he b
samples mRNA was detected #45c ases for U5 and U6. Even
observed for U2, U9 and U10 with two, thre
was not detectable in PTC (TdabiB). As seen for PTC, SCs amt express nAChR

subunit U3 and. Sawrdlisamplesrsholvédya P@Roprodbbithe

subunit U2 (2/4),0n0%y (nmRNAA) faormrd sWibQu n(i 4/ 3J)5. w
all analysed samples (TabB) . I n TMs U5, dbservedivB6amind U10

5/7 samples A lower number ofsamples did show mMRNA expression for subunits
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U2 (4/7) and U3 (2/6). PCR product-s corre

subunits U4 and U7 could beldetected in

Tab. 14: Standard PCR for nAChR-subunits in PTC, SC and TM

positive detected samples
cell populations

n

A nAChR PTC SC ™
b1 5/5 4/4 2/6
b2 5/5 4/4 3/6
b3 5/5 3/4 6/6
b4 4/5 4/4 1/6

B
U2 2/5 2/4 417
U3 0/5 0/4 2/6
U4 pOS. neg. 4/4
Us 4/5 4/4 4/6
U6 4/5 0/4 4/6
U7 poS. pOS. 4/4
Uo9 3/5 3/5 5/7
Uu1o0 2/5 4/5 5/7

Three to seven independent samples of PTC, SC and TM were analysed for mRNA

al

expression of NAChR ubunits U (B) and b (A) by standard
oneprimersetthef ol | owi ng variants were use(@ab5U2_114,

Results are shown as positive detected samples out of all samples. Positive and negative

results for U4 and U7 f or dodotltlesiidab34B). are taken

MAChHhR subtypes.In PTC, mRNAs for MR, M3R and MR were detected in all
analysed preparations (n = 4), whereadRMind MR were present i13/4 samples
(Tab.15). A similarresultwas observed for SC. mRNAs for MR subtypes 1, 2, 4 and
5 were detected in afireparations, whereass;® was present i2/4 cultures (Tab.
15). In TM the mRNA expression for MR wasain moreheterogeneous. Only 1R

was present ill analysed samples, whereagsRvwas detectable i8/6 and MR in

4/6 samples. MRNA for BR and MR could be amplified in 2 of 6 samples (Tab).

ChAT, VAChT, OCT2 and ChT1. In a previous doctoral #sis, the presences of the

ACh-synthesising enzyme and several related transporters was analysed for PTC and

SC using standard PCRhésis Iris Eckardin Schirmeret al, 414). In this study TM

were analysed for the same molecules. ChT1 and ChAT mRNA was detected in all
65
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analysed samples. mRNA for OCT2 was present in @iysampleswhereas no
PCR product correspoimd) to VAChT was observed (Tab. 16).

Tab. 15 Standard PCR for MR subtypes in PTC, SC and TM.

positive detected samples
in cell populations

mAChR PTC SC ™

MR 3/4 4/4 6/6
M.R 4/4 4/4 3/6
M3R 4/4 2/4 2/6
M4R 4/4 4/4 4/6
MsR 3/4 4/4 3/6

MRNA expressiomprofilesfor MR subtypes were analysémt PTC, SC and TM indur to six
independent samplger by standard PCR. For primer with more thame primerset the
following variantswere used: M1 110, M2 192, M3 287, M4_166, M5_i8ab. 3).
Resultsare shown as posie detected samples out of all samples

Tab. 16 Standard PCR for ChAT, ChT1, VAChT and OCT2 in TM.

positive detected samples in
cell populations

PTC SC ™

ChAT pos. pos. 4/4
VAChT neg. neg. 0/4
ChT1 pos. pos. 4/4
OCT2 neg. neg. 1/4

Four independent samples of TM were analysed for mRNA expression for ChAT, ChT1,
VACHhT and OCT2 by standard PCR. For primer with ntbhign ongrimersetthe following
variants were used: OCT2_162 and ChT1_1%8b. 6) Results are shown as positive
deteced samples out of all samples. Positive and negative results for PTC and SC are taken
from a previousloctoral thesis
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10.3. Cell specific functimal analysis of ACh receptorsusing calcium-imaging

experiments

PTC, SC and TM express mRNAs for sevatAlChR-subunits and MRsubtypes.
Due to the fact that currently no antibodies are available for nA€iiiRnits or MR

subtypesit was impossible to detect ACHBtoteins within cells or tissues. Besides

analysis of the mRNA expression pattern, the presehtteecAChRs was confirmed

by functional assays such as calciumaging.

10.3.1. Peritubular cells showd muscarine-induced increase in [C&'];

PTCs were treated in individual experiments with ACh, nicotine and muscarine. It has

to be mentioned thatnstimulatedPTC often showed oscillary effects(Fig. 28). If

this was the case almost all cells on one coverslip showed this oscillation

synchronically and with the same amplitude. This oscillation was up to + 5% of the

baseline Therefore the positiveesponse of cells, which was set to an at least 5%

increase in [C4];, had to be quantified for every covslip individually. To avoid

f al

se positive

resul

ts a Oposi-10%\oeer

baseline depending on the oscillation amplitude.

Fura-2 340/380nm ratio [%o]
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Fig. 28: PTCs show an oscillatory
effect.

Each image (A-E) illustrates the
mean of 66880 analysed cells from
one covesslip. The oscillabry effect
was not uniform for every cover
slip. Sometime the application of
flud (t = 40 s, dotted) induced
changes in the amplitude (& E)
but not in all cases (B D). The
amplitude could increase (A),
decrease§) or disappearH). The
observation for a positive reaction
on a drug was sometimes difficult to
distinguish (B, addition of ACh at
t = 160 s, dashed) and had to be
analysed carefully. The Fufaratio
340/380 nm is presented as
percentage (%) over time (s).
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The endogenous MR and nARhagonistACh, was added to the PTC with a
concentration of 10 uM at t = 160 s. Immediately after the application an increase in
[Ca’"]; response of 4 (+ 47%SD, n = 95 cells im = 3exp) over baseline could be
observed (Fig29 black line P-value in Fig. 33 About 10 s after reaching the peak
the [C&"]; slowly decreased, but didnot return to the baseline level
(+ 24% + 22%SD) before ATP was added/ost cells (156/168) r@@nded to ATP
with an increase afibout70% over preATP-level. In total 168 cells were analysed.
56.55% showed a positive reaction for ACh. 12.68% of A€dponsive cells did not
respond to the following ATP application. The remaining 87.32% we=gonsre to
both ACh and ATRFig. 31) No increase in [Cd]; response was observed for the
control group treated with HEPES instead of AEly. 29.

220 HEPES (160) ATF
i A ACh (168) l
= 200
9 A
‘é 180 1
£ ACh/HEPES ;
c 160 QA
s | \
o]
@ 140
= M
b | HEPES
o 120 1
g £
D 100 MAW

80
0 40 80 120 160 200 240 280 320 360

time [s]
Fig. 22 ACh induces a [C&"]; in PTC.
PTCs were treated three times during the experiment: 40 s with HEPES, t = 160 s with
ACh (10 pM) and t = 280 s with ATP100 uM). The experimental group é13) is shown in
black. The control group (n 3; grey) was treated att = 40 s and t = 160 s with HEPES and at
t = 280 s with ATP.The Fura2 ratio 340/380 nm is presentexs percentage (%) over time

(s).

Muscarine, which activates all five MR subtypes, was applied to PTC with a
concentration of 10 uM. Overall the cells were reacting sityilas previously seen
during the AChtreatment. After applying muscarine, the cells responded with an
increase [C&]i of 61% (+ 48.7%SD, n = 112 cells in n = 3 expver baseline
(Fig. 30A black line P-value in Fig. 33 The following decrease was slightaster
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compared to ACh-application without reirning to baseline values

(+ 15% £ 18%SD). 49.56% of the analysed 226 cells responded to muscarine. The
vast majority of these cells (84.82%) responded to muscarine and ATP. Only 15.18%
of the cells showed reaction to muscarinbut did not respond to the following ATP
application(Fig. 30B & 31)
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Fig. 30: Muscarine induces a [C&']; in PTC.

PTCs were treated three times during the experiment: at t = 40 s with HEPES, t = 160 s with
muscarine 10 uM) and t = 280 s with ATP100 uM). (A) The experimental group ¢ 3) is

shown in black. The control group é3; grey) was treated at t = 40 s and t = 160 s with

HEPES and at t = 280 s with ATIB) The different sufpopulations of the PTC were

separated dependent on the responsiveness to muscarine. Muscarine negative cells

(n = 114, 3), muscarine positive cells (n = 11
responsi ve cTédRra2 rgtion34G4380Lnth is prgsentadpercentage (%) over

time (s).
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The shape of the curves after Alieatment to the cells was almost identical for both
substances ACh and muscarine. The control cells (n = 160, n = 3 exp.), which were
treated only wth vehicle and ATP, did not show any reaction on the vehicle but all
cells responded to ATP. The intensity of the response was similar to that for ACh and
muscarine (Fig29 & 30A).

responding on ACh, non-responding on ATP responding on muscarine, non-responding
12 cells on ATP 17 cells
7% 8%

non-
responding
on ACh,
responding
on ATP
73 cells

non-
responding
on
muscarine,

responding
on ATP

114 cells
50%

43%

Fig. 31: Distribution of muscarine, ACh and ATP responsivenesof PTC.

Application of ACh (left panel) and muscarine (right panel) and subsequent treatment with
ATP resuledin three PTC subpopulations: noesponding to ACh/muscarine but responding

to ATP (black), responding to ACh/muscarine and ATP (dark grey) and responding to
ACh/muscarine but neresponding to ATP (light grey). Amount of cells is indicated in
numbers anghercentage.

Nicotine, an AChagonist which binds specifically to nAChR, was added to the PTC
with a concentration of 100 uM. None of 197 cells responded to nicotine whereas all
cells responded to ATP. The intensity of tA@P-responsereached120% over
baseline (Fig32).
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Fig. 32: Nicotine has no influence on the [G4]; in PTC.

PTCs were treated three times during the experiment: at t = 40 s with HEPES, t = 160 s with
nicotine (00 uM) and t = 280 s with ATP100 uM). The experimental group (& 3) is

shown in black. The control group én3; grey) was treated with HEPES at t = 40 s and

t = 160 s and once with ATP (t = 280 3he Fura2 ratio 340/380 nm is presented
percentage (%) over time (s).

300 - :

250 4 - 1 Fig. 33: P-values after agonist
application in PTC-populations.

200 4 HEPES (H), nicotine (N), muscarine

(M) or ACh (A) were applied to
450 PTC att=16s. Box plots show the
D distributionof the cells at timgooint
100+ % t = 162 s. Below the boxes are
? mentioned the amount of analysed
cells (n), the mean (m), the standard
deviation (SD) and theP-values.
n= 160 198 224 168 Significance was calculated using
KruskalWallis test followed by

Fura-2 340/380 nm ratio [%)]

50 -

m= %81 954 1391 1419 MannWhitney test P-value for
sD= 9.9 9.1 481 483 HEPES vs. nicotine was not
pP= L significant.
0.000
P= L 1
0.000
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10.3.2. Blockade of muscarinégnduced receptor activation inPTC

To confirm the MRdependent response of PTC to ACh and muscarine, the cells were
pretreated with 10 uM atropine (Fi®34-36). In both caseshe calcium influxin
response tanuscarine and AChvas blocked. For both, muscarine and ACh, two

experimental setips were used (Fig4).
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I .’l .
I | | /4 I 1 I T time [s]
0 40 120 420 460 580 700
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[1 /L /2 1
! I /A | |/ 4 I I ' time [s]
0 40 120 300 340 640 760 880

Fig. 34: Flow chart for inhibition experiment with PTC.

PTCs were incubated with atropine in tdifferent experimental seips.

(A) Cells were treated with HEPES or atropine (IM) at t = 40 s; with ACh (1QuM),
muscarine (1QuM) or HEPES (control) at t = 460 s and with ATP (30d) at t = 580 s.
Atropine was incubated 5 m{r)u

(B) Muscarineor ACh were applied to PTCs att = 40 s and additionally removed by a 3 min
wash steff u)0Cells were treated with HEPES or atropine (M) at t = 340 s anthcubated

5 min (u)u At t = 640 sACh (10pM) or muscarine (1@M) were addedThe application of

ATP (100pM) was at time point t = 760 s.

In the first setof experimentsit was shown that atropine blocked the AGInd
muscarineénduced calciumnflux in all analysed cells(nach = 66, nNws = 75
(Fig. 34A) Control cells, treated tth HEPES and ACh or muscarine showed an
increase in calciuAnflux (n = 1, Fig.35 A/B, grey line), whereas the cells pre
incubated with atropine did not respond to ACh or muscarine @gd/B, black
line). The small peaks in both control curves (F3§, grey line) are caused by

oscillation and are no direct effeat ACh or muscarine.
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Fig. 35: ACh or muscarine induced calciurdnflux can be blocked byatropine.
Experimental setip was performed as described in BdA with n = 1 for each saip. The
grey lines represent the control groups, whereas the blackdimev the atropine treated
groups. PTC treated with muscarine plettedin (A) and cells treated with ACh are shown
in (B). The Fura2 ratio 340/380 nm is psentedaspercentage (%) over time (s).

In the secon@éxperiment(n = 1), two cell populations were treated with ACh, which
responded with an increase in’Cimns as described previouglig. 29, 34B). ACh

was removed by a 3 min wash step with HEPES buffer. Before an additional
application of ACh, one population was pneubated with atropine and the other one
with HEPES for5 min each. In absee of the MR antagonist (Fig. 86grey line),

the cellsresponded to ACh with an increase in {iawhich was not present in the
cell population prencubated with atropine (Fig. 86 black line). With the same

experimental setip, cells were stimulated withuacarine instead of ACh (Fig. Bh
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The responsefd®TC to muscarine was similar as the response to ACh. A previously

muscarinenduced calciumnflux was blocked with atropine (Fi§6B).

Fig. 36: Muscarine and ACh induced calciumminflux can be blocked byatropine.
Experimentaketup was performed as described in 4B with n = 1 for each saip. The
grey lines represent the control groups, whereas the blackdimeev the atropine treated
groups. PTC treated with muscarine plettedin (A) and cells treated with ACh areashin
in (B).The Fura2 ratio 340/380 nm is presentasglpercentage (%) over time (s).

10.3.3. Testicular macrophages shad no direct response to ACIR stimulation

In five individual experiments TM were tested on their response for ACh, nicotine
and muscarine. HEPES was used as control. TM showed no oscillations, therefore
cells have been classified pgsitivdy respoming if they showedat least 5% increase

in [C&"]; over baseline
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