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Abstract

The female internal sex organs develop from thempasonephric (Mullerian)
duct. In male embryos, during the embryonic develept, the regression of the
Mullerian duct is caused by the anti-Mullerian homa (AMH). The appendix testis
(AT) is a physiological remnant of the Mullerianatlun males. Our knowledge about its
physiological function is limited.

In this report the expression of anti-Mullerian mmone receptor subtype 2
(AMHR2) was investigated on AT, in correlation withfferent urological disorders,
such asernia inguinalis, torsion of AT, cysta epididymisricocele, ectopia testis, testis
retractile, retention testis, hydrocele testis. Thgelation between the age of the patients
and the expression of AMHR2 was also examined. RR-RRnd immunohistochemistry
was used to detect the receptor at mRNA and prégead.

In our report we demonstrate, at the first timat tAMHR2 is expressed in the
ATs, and the expression pattern of this receptonas connected with the examined

urological disorders or with the age of the pagent

Keywords: appendix testis, anti-Mullerian hormone receptor

Abbreviations. anti-Mullerian hormone (AMH), appendix testis (ATanti-Mullerian
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1. Introduction

The female internal sex organs — such as ovidwtésjne horns, cervix and the
anterior vagina — develop from the paramesonegMidlerian) duct. In male embryos,
during the embryonic development, the regressiath@fMullerian duct is caused by the
anti-Mullerian hormone/substance (AMH). The vestigemnant of the Mullerian duct is
called appendix testis (hydatid of Morgagni; ATipdas located at the upper pole of the
testis or in the groove between the testis anéphgidymis (Atkinson, 1992). The AT is
not present in everyone, it can be found in 92%r{iRk, 1968) or 76% (J6zsa 2008) of



the males. Some diseases, like cryptorchidism dseréhe incidence rate of AT (JOzsa
2008). Our knowledge about its physiological fuoctiis limited. According to one
hypothesis, the surface epithelium of the AT, with subepithelial capillaries and
lymphoid vessels form a functional unit (Posinoye@969), but its function is unknown.
The AT has a clinical importance because its tors@uses acute scrotum, and tumor can
be developed from it.

AMH is secreted by immature Sertoli cells. The sedavel of AMH stays high
in males until puberty (Aksglaede, 2010). Defectstte AMH and AMH receptors
(AMHR) cause persistent Mullerian duct syndromen@g,a1998, Josso, 2005), where
some of the internal female sex organs can be faumdmale. Anti-Mullerian hormone
(AMH) has been evaluated by several groups as enpalt novel clinical marker for
ovarian reserve. Serum AMH concentrations show agressive decline with female
aging (La Marca, 2012). Serum AMH level is highnfrdetal life until mid-puberty.
Testicular AMH production increases in responséotiicle-stimulating hormone and is
potently inhibited by androgens. Serum AMH is uedttble in anorchid patients. In
primary or central hypogonadism affecting the whgd@ad established in fetal life or in
childhood, all testicular markers are low. Convirsehen hypogonadism only affects
Leydig cells, serum AMH is normal. In males of ptbkage with central hypogonadism
AMH is low (Grinspon, 2012).

In third month of fetal life the testes start to vadrom the abdomen into the
future scrotum. The descent is completed aroundittie. The complete process of the
normal descent of testis is still unknown. The stigation of the descent is one of the
most important research areas of the recent padiatlogy. It is supposed that the testis
and its accessories develop together, and thisrggegequires a complex interaction
between them. Although several theories have beepoped to explain the descent of
testis, none has provided a satisfactory explanatiat covers the whole spectrum of
events. Recent studies show that the transabdomingase of testicular descent is under
the control of Insulin-Like Peptide 3 and AMH, asdppose a role of the cremaster
muscle (Lie, 2011). The cremaster muscle is atsttimmuscle with some differences with
other sceletal muscles, just like its firing freqog and involuntary control (Kayalioglu,

2008). Recent new theory of testicular descent estggthe role of sympathetic nerves,



that innervates the gubernacular smooth and siriatescles (Tanyel, 2001, 2004). In
mice AMH is not essential for gubernacular develeptor testicular descent, altough it
is important in determining the thickness of thencaster muscle (Bartlett, 2002).

In patients with undescended testis the presencATofs significantly lower
(Jozsa, 2008), suggesting that AT might play a molthe process of testicular descent.
There is no information about the expression of ARMIH AT, although it is supposable
that the cells of AT express this receptor durihg £mbryonic development, and
probably after birth, as well. Mutations of the AM#id AMH receptor type 2 (AMHR?2)
genes lead to the persistence of the uterus ahapkaal tubes in males.

Torsion of the AT is painful, and the patients shawilar symptoms to those
with the torsion of testis, so it is medically indied to remove the AT when it appears
during intrascrotal operations (Anderson, 1995)pé&mdices from such operations were
used in our research. Correlation between seveoddgical diseases and the expression

of AMH receptor in ATs were investigated.

2. Materials and methods

Collection of the samples

109 ATs and 9 cremaster muscles were collected frate patients undergoing
surgical exploration at the Surgical Ward of thepBrtment of Pediatrics, University of
Debrecen (MHSCUD). The study protocol was approusd the Human Ethics
Committee of MHSCUD. Written informed consent wdstained from the parents or
guardians before the children entered the studye $amples used for the PCR
experiments were collected from patients suffefmogn the following diseasesiernia
inguinalis, torsion of AT, cysta epididymis, varo@e, ectopia testis, testis retractile,
retention testis, hydrocele. The samples usedhirhimunohistochemistry experiments
were obtained from patients suffering from thedwaling diseaseshydrocele, retention

testis, varicocele, cysta epididimys, hernia inglig

I mmunohistochemistry



4 um thick, formaline fixed sections were used for iomohistochemistry. First
the sections were rehydratétk5 min xilol, 4x1 min ethanol@and to uncover the antigens
the sections were boileth citrate-buffer (2 min, 0.1 mol/l, pH = 6.0). Acttyi of
endogenous peroxidases was inhibited with hydrqgeoxide (10 min, 3%). After that the
aspecific binding places were blocked with 2.5%skaserum (20 min, room temperature,
IMMPRESS kit; Vector Laboratories, Burlingame, G45A). Then the AMHR2 specific
primary antibody (diluted in phosphate-bufferedrsal(PBS) containing 1% bovine serum
albumin (BSA), produced in mouse; AbCam, Cambridgj€) was used in an 1:300 dilution.
After washing the sections (PBS, 3x5 min), theyanacubated with horse radish peroxidase
conjugated secondary antibody (30 min, room tenipera INMmMPRESS kit), then the
sections were washed again (PBS, 3x5 min). Thetiosawas visualized by ImmPACT
DAB kit (Vector Laboratories, Burlingame, CA, USA3ccording to the manufacturers
protocol. Nuclei were visualized by hematoxilin (d€c), and sections were dehydrated (2x1
min ethanol, 3x1 min acetone, 2x1 min xilol) befa®vered by Shandon Consul Mount
medium (Thermo Scientific, Budapest, Hungary). Endtsium sections were used for
positive control. Negative controls were made bytting the primary antibody.

RT-PCR analysis.

For RT-PCR analysis, samples were stored in RNAlg#mbion, Life
Technologies, Budapest, Hungary) at —70 °C. Tod#\Rvas isolated from tissues using
TRIzol reagent (Invitrogen, Carlsbad, CA, USA). sties were sonicated in 1 ml TRIzol
reagent (3x10 sec) then 0.2 ml chloroform was addethe samples. Samples were
mixed well and centrifuged (12000 g, 15 min, 4°The upper, colorless phase which
contains the RNA was used. Then 0.5 ml isopropaved added, gently mixed, and
incubated for 1 hour in -20 °C and centrifuged agdi2000 g, 10 min, 4 °C). The
sediment was washed with 75% ethanol and dissolvedclease free water. The assay
mixture (20 ul) for reverse transcriptase reaction (OmniscriQiagen, Budapest,
Hungary) contained 500 ng RNA, 0.gbRNase inhibitor, 0.2%l oligo(dT), 1ul dNTP
(200uM), 1ul M-MLV RT in 1 x RT buffer. Amplifications of spefic cDNA sequences
were performed with specific primers (Integrated ANechnologies, Coralville, 1A,
USA) that were designed based on published nudestequences (sequences of primer
pairs: GAPDH forward primer: 5-AAGGTCGGAGTCAACGGATTGG-3', reverse



primer: 5-AATGAGCCCCAGCCTTCTCCAT-3; AMHR forward primer: 5'-
TCGGGAAGATGGATCGTGT-3', reverse primer: 5-GGAAGGG®IGTGGACTGCT-

3. PCR reactions were allowed to proceed in al fumdume of 50ul (containing 1pl
forward and reverse primers, il ANTP [200pM], and 5 units Promega GoTadNA
polymerase in 1 X reaction buffer) in a programmaalthermocycler (Eppendorf
Mastercycle, Netheler, Hinz GmbH, Hamburg, Germanigh the following settings: 2
min at 95 °C for initial denaturation followed bgpeated cycles of denaturation at 94 °C
for 1 min, primer annealing for 60 sec at an optadi temperature, and extension at 72
°C for 1 min 30 sec. After the final cycle, furthextension was allowed to proceed for
another 10 min at 72 °C. PCR products were analymedg a 1.5 % agarose gel.
EZVision (Amresco, Solon, OH, USA) was used as ilogdlye and the results were
observed in UV light. Image J software (Wayne Radb&ational Institutes of Health,
USA) was used for densitometry analysis. Togethiéh Whe anti-Mullerian hormone
receptor, GAPDH (glyceraldehyde-3-phosphate delgettase) mRNA expression was
also determined and used as internal control.

3. Results

ATs, and pieces of cremaster muscles were collefcted patients suffering from
various urological diseases. RT-PCR reaction wasl Usr the detection of the mRNA
expression of AMHR2 on these samples. GAPDH wad asean internal control. In case of
the ATs, we found the following results: In patemtith retractile testis (n=9), the mRNA of
the receptor was detected in only one sample (1¥fatients with torsion of AT (n=3) and
cysta epididymis (n=1), the mRNA of this recept@svaetected in most of the samples (67%
and 100%, respectively). The mRNA of the AMHR2 was$ detectable in the ATs from the
patients suffering from ectopia testis and varitegq@=2 and n=1, respectively). In the
samples of hernia inguinalis (n=14) the mMRNA of teeeptor was detectable in 50% of the
samples, while in the case of hydrocele testis 8)=hly 15% of the samples were positive
for the mRNA of the receptor. In the samples wighentio testis (n=17) the mRNA was
detectable in 35% of the ATs (Fig.1A).



Immunohistochemistry was used for the analysishef firotein level expression of
AMHR2. The presence of the receptor was observedmewn staining in the interstitium of
the AT in immunohistochemistry sections (Fig.2)eTgrotein of the receptor was detectable
in 25% of the samples of patients with cysta epidis (n=12), 67% of the samples of hernia
inguinalis (n=6), 64% of the samples of hydrocelits (n=25), and 100% of the samples of
retentio testis (n=3). In cases of varicocele (ntk#) protein of AMHR2 was detectable in
only one sample (33%) (Fig.3A).

The age dependence of the mRNA and protein expres§iAMHR2 in AT was
also investigated\o correlation was found between the ages of thiema and the mRNA
expression of this receptor, some of the samplataocted the mRNA of the AMHR2, while
others from the same group did not (Fig.1B)n the other hand, the protein level
expression of AMHR2 has shown some age dependéimzier the age of 12l of the
AT samples expressed the AMHR2 protein. Over the @igl2 there was no correlation
between the presence of the AMHR2 and the ageegbakients (Fig.3B).

In case of the cremaster muscles, the mRNA of AMHWR2 not detectable in the
patients suffered from hernia inguinalis (n=3), rétentio testis one of the samples was
positive for AMHR2, while the other was negativee2i. AMHR2 was detectable in 3 of the

4 samples in case of hydrocele testis (n=4) (Fig.4)

4. Discussion

The investigation of the descent of testes is dnth@ most important research
areas of the recent pediatric urology. It is suppothat the testis and its accessories
develop together, and this progress requires a lexmimteraction between them.
Although several theories have been proposed ttaiexthe descent of testis, none has
provided a satisfactory explanation that covers wihele spectrum of events. Recent
studies show that the transabdominal phase ofttéstidescent is under the control of
Insulin-Like Peptide 3 and AMH, and suppose a oflthe cremaster muscle (Lie, 2011).

In patients with undescended testis the presencaTofs significantly lower
(Jozsa, 2008), suggesting that AT might play a molthe process of testicular descent.
Since yet, there was no information about the esgpom of AMHR in AT, although it is
supposable that the cells of AT express this recehiring the embryonic development,

and probably after birth, as weHor the first time we have shown that both the mRxW



the protein of the AMHR?2 is detectable in the ATithdugh the mRNA of AMHR2 was
detectable in several samples, the lack of the mRkigkession of the receptor did not show
any correlation with the most common urologicalodirs, just like the hernia inguinalis,
retention testis or hydrocele testis. In case whotile testis, the mRNA of the receptor could
be detected in only one case from the examinedriples, which can indicate a correlation
between the lack of AMHR2 and the development &f tinological disorder. In case of the
torsion of AT, and cysta epididymis, the mRNA oistheceptor could be detected in most of
the samples, although the number of the samples guéte low (n=3 and n=1, respectively).
The protein of the receptor was present in 25%he damples with cysta epididymis. The
MRNA of the AMHR2 was not detectable in the AT ases of ectopia testis and varicocele,
although the number of the investigated sampleg aiso very low (n=2, n=1, respectively).
In cases of varicocele the protein of AMHR2 wassprg in only one sample (n=3). In the
samples with hernia inguinalis, the mRNA of theeqgor was detectable in 50% (n=14), and
the protein in 67% (n=6). In cases of hydrocelgigethe mMRNA was detectable in 15%
(n=13), the protein in 64% (n=25). In the samplaghwetentio testis the MRNA in 35%
(n=17), the protein in 100% (n=3) could be detected

There was also no correlation between the mRNAesgion of the AMHR2 and the
age of the patients. We found some correlation éetwthe protein expression of AMHR2
and the patients’ ages — patients younger thanea®syexpressed the AMHRZ2 in their AT.
Altough the number of the samples were low (n=a2) the PCR results unfortunately did
not show the same correlation. In case of the @djaul over 12 years, we could not find any
correlation between the expression pattern andgks (n=37).

The expression of mRNA of AMHR2 in cremaster musclso did not show
correlation with the urological disorders altoughthese experiments the number of the
samples were limited.

According to one hypothesis, the surface epitheliomthe AT, with its
subepithelial capillaries and lymphoid vessels ferfanctional unit (Posinovec J, 1969),

but its function is still unknown.
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Figurelegends

Figure 1. Detection of mMRNA of AMHR with RT-PCR. Panel A regents the age
dependence of the appearence of AMHR’s mRNA irAhePanel B represents the
appearence of AMHR’s mRNA in different urologicadarders. Grey parts of the
columns represent the ATs are positive for AMHRRMA, while black parts of the
columns represent the ATs are negative for AMHRRNA. n=60

Figure 2. Detection of AMHR protein expression with immunstbichemisry. Panel A
represents the age dependence of the appeareA8#HR in the AT. Panel B represents
the appearence of AMHR in different urological ddgrs. Grey parts of the columns
represent the ATs are positive for AMHR’s mRNA, iehblack parts of the columns
represent the ATs are negative for AMHR’s mRNA. 8=4

Figure 3. Detection of AMHRZ2 on paraffin embedded, 4 um thsektions. Brown
colour (DAB) represents the AMHR2.



