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In this study we investigate the expression pattern of
mucin genes in the human testis and evaluate the relationship
between the expression of mucin genes and impaired sperma-
togenesis in the human testis. Thirty human testis tissues
were collected from patients undergoing diagnostic testicular
biopsy to investigate the cause of infertility. One part of the
tissue underwent histological observation, and the other part
of the tissue was subjected to semiquantitative RT-PCR of
mucin genes, that is, mucinl, 2, 3, 4, and 9. The relative
amount of mucin mRNAs was calculated by densitometry
using glyceraldehydes-3-phosphate dehydrogenase (GAPDH)
as an internal control. The samples were histologically dia-
gnosed as either obstructive azoospermia with normal sper-
matogenesis (n=13) or non-obstructive azoospermia with
impaired spermatogenesis (n=17). In the human testis with
normal spermatogenesis, mRNA expression of mucinl, 9, 13
and GAPDH were found, but RT-PCR products of mucin 2,
3 and 4 were not detected. In the testis with impaired sperma-
togenesis, however, RT-PCR product of mucinl was not
found. There was no difference in the other mucin mRNA
expression patterns between the testis with either normal or
impaired spermatogenesis. To our knowledge, this study is the
first that has detected the mRNA of mucin9 and 13 in human
testis. This study also shows that mucinl expression might be
closely related to spermatogenesis. Our findings should be
substantiated by more direct evidence, such as mucin protein
expression and localization.
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INTRODUCTION

Mucins are highly glycosylated glycoproteins
found mainly in the mucus secreted into the res-
piratory, gastrointestinal and genitourinary tracts."
They are expressed in various epithelial cells to
form the glycocalyx at mucosal surfaces, and act
as a lubricant as well as a barrier, protecting cells
from dehydration, proteolysis, and infection. Fur-
thermore, they can act as an anti-adhesion mole-
cule,® serve as a receptor and its cognate binding
protein,” and contribute to signal transduction.*

The currently known mucin species can be di-
vided into two groups, dependent on their struc-
tural aspects and biosynthetic routes. Membrane-
bound mucins (MUC1, MUC3, MUC4, MUC12)
exhibit hydrophobic sequences or "transmembr-
ane domains" responsible for anchoring them in
the lipid bilayer and have C-terminal peptides
that enter the cytosol. The secretory mucins
(MUC2, MUC5AC, MUC5B, MUC6) with one
exception (MUC7) possess one or several von
Willebrand factor-like D domains, cystein-rich
peptides, which function in the oligomerization of
mucin monomers and in packaging into secretory
vesicles.” Mucinl was the gene first discovered in
the mucin family,6 which includes 12 different
members (from mucinl to mucin12).”

Mucins in the female reproductive tract have
been focused. The epithelial expression of mucinl
in the female reproductive tract and its state of
glycosylation are likely to be involved in the tran-
sit of oocytes and spermatozoa, and in the uterine
implantation of embryos.® But little is known
about mucins in the male genital tract, except for
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some reports concerning the epithelium of the
prostate,” the epididymis and the finding of
mucin8 antigenicity on spermatozoa."

In this study, we sought to characterize the ex-
pression pattern of mucin genes in the human
testis, and to evaluate the relationship between
the expression of mucin genes and impaired sper-
matogenesis in the human testis.

MATERIALS AND METHODS

Collection and histological evaluation of the
human testis

Thirty human testis tissues were collected from
diagnostic testicular biopsies of 30 azoospermic
patients. One part of the tissue underwent histolo-
gical evaluation, and the other part of the tissue
(20-30 mg) was stored with RNAlater solution
(Ambion, Austin, TX, USA) at -20°C until prepara-
tion of total RNA. The mean age of the patients
was 38.5 years (range 31-45 years).

Clinical background

Of the 30 azoospermic patients, every patient
had 46 XY, a normal result of chromosome
studies. In the hormonal study results, Sertoli-cell-
only syndrome patients (13 cases) had increased
FSH levels. The rest of the patients (17 cases) were
within the normal range. On physical examina-
tion, impaired spermatogenesis patients had de-
creased testis size (right: 12+2.2mlL, left: 12
21 mL).

Preparation of total RNA from the tissue
samples

The samples were homogenized and prepared
using QIA shredder (Qiagen GmBH, Hilden,
Germany). Total RNA was prepared with Qiagen
RNeasy Kit (Qiagen) following the manufacturer's
instructions. The tissue samples were disrupted
and homogenized with the buffer RLT containing
mercaptoethanol (10 uL/mL). After centrifuga-
tion, the supernatants were carefully transferred
to a new microcentrifuge tube and one volume
(350 uL or 600 uL) of 70% ethanol was added. The
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samples were put into RNeasy mini columns, and
centrifuged for 15 sec at > 8000 g (= 10,000 rpm).
After washing and air-drying of the RNeasy
columns, total RNAs were eluted with 30-50 uL
RNase-free water by centrifugation.

To remove the content of genomic DNA, each
sample was subjected to DNase-treatment fol-
lowing the protocol of the DNA-free Kit (Ambion,
Austin, TX, USA). DNase I buffer and 1uL of
DNase I (2 units) were added to the RNA sam-
ples and then they were incubated at 37°C for 30
min. The DNase inactivation reagents were
applied to the samples for 2 min at room tem-
perature. The Dnase-treated RNA samples were
collected from the supernatants after centrifuga-
tion at 10,000 g for 2min. After the treatment
with DNase, the amount of RNA was determined
by spectrophotometer and then stored at -70C
until use.

Semiquantitative RT-PCR of mucin genes

The procedure for generating cDNA was done
using M-MLV reverse transcriptase (Promega,
Madison, WI, USA). The reaction mixture of re-
verse transcription consisted of RT buffer, 5.5 mM
MgCl,, 500 uM dNTPs, 2.5 uM oligo-dT(16), 0.4/uL
RNase inhibitor and 1.25 U/uL of RTase. The RT
reaction mixture (16 nL) and purified RNA (4 uL)
were incubated at 25C for 10 min and 48C for
30 min. RTase was denatured by incubation for 5
min at 95C.

RT product (2uL) was used directly for the PCR
along with specific primers for human mucin
genes (Table 1). Complementary DNA of the
tissues were amplified by the following PCR con-
ditions: 20 uL of reaction mixture, which consisted
of 10 mM Tris-HCL, 1.5 mM MgCl,, 50 mM KCl,
and 0.01% gelatin, 200uM each dGTP, dATP,
dTTP and dCTP, 100 pmol of the oligonucleotide
primer and 1 unit of Taq polymerase (Promega,
Madison, WI, USA). The following amplification
profile was used in a Stratagene RoboCycler 96
(Stratagene, La Jolla, CA, USA): 1 cycle of 94C for
1 min; 30 cycles of 94°C for 30 sec, 58-64°C for 30
sec and 68°C for 2 min; 1 cycle of 68C for 10 min;
and a final hold at 4C. After PCR, the 10 uL of
PCR products were run on 2% agarose gels
containing 0.5 ug/mL of ethidium bromide. The
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Table 1. Primer Sequences for Human Mucin Genes

Gene Direction  Product (bp) Sequences (5'-3") Reference Position
hGAPDH Forward 226 GAA GGT GAA GGT CGG AGT C AF261085 109-127
Reverse GAA GAT GGT GAT GGG ATT TC 315-334
hMUCI1A Forward 145 CCT TTC TIC CTG CIG CTIG M32738 72-89
Reverse TGG GA CIG AAC TIC TCT G 198-216
hMUCI1B Forward 118 CCT TTC TIC CTG CTIG CIG M32739 72-189
Reverse TGG GA CIG AAC TTIC TCT G 171-189
hMUC2 Forward 401 CTG CAC CAA GAC CGT CCT CAT G L21998  15291-15312
Reverse GCA AGG ACT GAA CAA AGA CTC AGA 15667-15691
hMUC3 Forward 406 AGT CCA CGT TGA CCA CTG AF007194  2526-2547
Reverse TGT CCA CGT TGA CCA CIG C 2912-2931
hMUC4 Forward 597 CGC GGT GGT GGA GGC GTT CIT AJ010901 2994-3014
Reverse GAA GAA TCC TGA CAG CCT TCA 3570-3590
hMUC9 Forward 298 ACC CCT GAA GGG CAG ACT AT U09550 1762-1781
Reverse CAG AGG GGC TTA GGC TTC TT 2039-2058
hMUC13 Forward 302 ACG AAT CCA GCT CAC TIG CT AF286113  1738-1757
Reverse GAA GGG ATA CCC ACC ACC TT 2020-2039

*References were reviewed from NCBI-Nucleotide site.

" hGAPDH (human glyceraldehydes-3-phosphate dehydrogenase) was used as an internal control of semiquantitative RT-PCR.

relative amount of mucin mRNAs was calculated
according to the ratio of glyceraldehydes-3-phos-
phate dehydrogenase (GAPDH) bands as an inter-
nal control on the agarose gels. The ratio was
determined by densitometry after correction for
the intensity of the control band using an image
analyzer (Vilber Lourmat, France).

Primer design for alternative splicing of human
MUC1 gene

For the detection of mucinl gene, the following
primer pair was used: 5'-CCITTCTTCCTGCTGC
TG-3' (forward) and 5-TGGGCACTGAACTTCT
G-3' (reverse). These primers span intron 1 and an
alternative splice site of 27 bp at the 5-end of exon
2 (variants A and B), characteristically leading to
two different RT-PCR products of 118 and 145 bp
in length."""* The two splice variants closely re-
sembled one another. The only difference was the

use of two alternative splice acceptor sites for
exon 2, located 27 bp apart.

RESULTS
Histological diagnosis of the human testis

In the histological evaluations, 13 samples
showed normal spermatogenesis, and these
patients were diagnosed as having obstructive
azoospermia. The histological findings of the
other 17 samples were spermatocyte arrest (4
cases) and Sertoli-cell-only syndrome (13 cases).
These patients were diagnosed as having non-
obstructive azoospermia. The following study
was performed using both the samples with
normal spermatogenesis (n=13) and impaired
spermatogenesis (n=17).
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Table 2. Mucin Gene Expression in the Human Testis as Related to Spermatogenesis

Spermatogenesis GAPDH MUC1 MuUC2 MUC3 MUC4 MUC9 MUC13
Normal (n=13) +t + - - - m +
Impaired (n=17) +H - - - - + +
++, high expression; +, moderate expression; +, low expression; —, no expression.

Mucin gene expression in the human testis

The RT-PCR products of human GAPDH (226
bp) as an internal control were detected from all
human testis samples. The expression of mucinl,
9 and 13 were found, but RT-PCR products of
mucin2, 3 and 4 were not detected in the human
testis. Alternative splicing variants of mucinlA
(145bp) and B (118 bp), which were expected by
primer design, were detected in the human testis.
The RT-PCR products of mucinl, 9 and 13 were
confirmed by the direct sequencing (data not
shown).

Mucin gene expression in the human testis with
normal or impaired spermatogenesis

The RT-PCR products of mucinl, 9 and 13 were
found in human testis. In the testis with impaired
spermatogenesis, RT-PCR product of mucinlA
and B was not found. There was no difference in
mucin9 and 13 expression between the testis with
normal and impaired spermatogenesis. These
results are summarized in Table 2.

DISCUSSION

This study was performed in order to inves-
tigate the expression patterns of mucin genes in
human testis. In human testis, the mRNA of
mucinl, 9 and 13 were detected but the mRNA of
mucin?, 3 and 4 were not found. Two types of
alternatively spliced mucinlA and B transcripts
were expressed in the human testis with normal
spermatogenesis. However, there was no expres-
sion of mucinl in the human testis with impaired
spermatogenesis. Glycosylated MUC1 proteins
would enlarge the space between Sertoli cells and
expressing germ cells, interfere with physiological
cell functions and probably accelerate the detach-
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ment and transit of delayed or abnormal germ
cells.””® MUC1 expressions were only found in
the testis with normal spermatogenesis, not in the
spermatocyte. MUC1 isoforms expressed in
human spermatids contribute to the glycocalyx of
the sperm surface." To our knowledge, this study
is the first that has detected mucin9 and 13 in the
human testis. Mucins may have an important role
in spermatogenesis and gamete transport in the
human testis.

Relatively little is known about mucin gene
expression in the mammalian male reproductive
tract, including in humans. HE6, a gene encoding
a protein with multiple membrane-spanning do-
mains and mucin-like regions, was detected in the
epididymis,15 and MUCS8 was found on human
spermatozoa.'’ Recently, mucinl expression was
confirmed by immunohistochemistry and RT-PCR
in human testis with normal spermatogenesis."
The results further suggested that aberrant ex-
pression of mucinl related to impaired sperma-
togenesis in human testis. Our study showed that
two types of alternatively spliced mucinl tran-
scripts were detected only in the human testis
with normal spermatogenesis. This finding is
similar to the previous report.”” Unlike Franke's
study, many of our patients were in the late stage
of maturation arrest or Sertoli-cell-only syndrome,
so we could not observe MUC1 expression in
patients in the impaired spermatogenesis group.12

Mucin9 is known to be a precursor to the ovi-
duct specific glycoprotein, oviductin.'®” As a
unique component of oviduct fluid, it participates
in fertilization, facilitates early embryonic devel-
opment, and protects the tubal epithelium.™"
Hendrix et al.* reported unexpected identification
of mucin9 as an estrogen-dependent product of
the adult rabbit endocervix. In this study, MUC9
was first detected in the male reproductive tracts
of mouse and human testis. It is an extraordinary
result, and the function of MUC9 should be
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investigated in the male reproductive tracts.

Recently, Williams et al” reported that the
human mucinl3 gene encodes an epithelial and
hematopoietic transmembrane mucin. Mucin13 is
the orthologue of a murine glycoprotein initially
called 114/A10, or mouse cell surface antigen, and
it was initially identified by expression cloning
using an antibody produced against a murine
bone marrow-derived multipotential cell line.”
Mucin13, like mucinl, may play an important role
in epithelial responses to damage and infection
and in non-malignant epithelial diseases in which
barrier function and/or mucin secretion are im-
portant, such as inflammatory bowel diseases,
cystic fibrosis (CF), and chronic respiratory dis-
eases. The testis has a blood barrier and mucin13
may have a role in the environment of spermato-
genesis.

Conclusively, mucinl, 9 and 13 were expressed
in the human testis, and they may play a role in
spermatogenesis and gamete transport. Further
studies are needed on mucin protein expression
and localization by immunohistochemistry to
evaluate whether mucinl expression is essential
for normal spermatogenesis in human testis.
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