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ABSTRACT

Purpose: Varicoceles are associated with impaired testicular function and male infertility,

but the molecular mechanisms by which fertility is affected have not been satisfactorily explained.
Spermatogenesis might be affected by increased scrotal temperature, such as that caused by varico-
cele. HSPI0 is a molecular chaperone expressed in germ cells and is related to spermatogenesis,
motility, and both heat and oxidative stress. Possible correl ations between coding single region nucle-
otide polymorphisms (cSNPs) in the HSP90 gene in patients with varicocel e associated with infertil-
ity were analyzed, and polymorphismsin these exons were characterized through DNA sequencing.

Materials and Methods. PCR-SSCP and DNA sequencing were used to search for mutations
in 18infertile patientswith varicocele, 11 patientswith idiopathic infertility and 12 fertile men. DNA
was extracted from leucocytesfor PCR amplification and SSCP analysis. DNA from sampleswith an
altered band pattern in the SSCP was then sequenced to search for polymorphisms.

Results: Threesilent polymorphismsthat do not lead to amino acid substitutionswereidentified.

Conclusion: Mutations in the HSP90 gene do not appear to be a common cause of mae
factor infertility. Thelow incidence of genevariation, or SNPs, ininfertile men demonstratesthat this
geneishighly conserved and thus confirmsitskey rolein spermatogenesisand responseto heat stress.
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INTRODUCTION

The male factor is responsible for 51.2% of
conjugal infertility and 39% of these men present an
abnormal semen analysis for idiopathic reasons. On
the other hand, varicocele is shown to be the second
most common cause of male infertility leading ulti-
mately to lower testicular volumes and important
seminal alteration (1,2). Despiteal thisevidencethere
is controversy as to the mechanisms by which vari-
cocele hinders spermatogenesis and affectsthe fertil-
izing potential in men (3).

Many clinical observations suggest a link
between testicular hyperthermiaand reduction of sper-
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matogenesis by apoptosis, such as those caused by
varicocele (4). However, the molecular mechanisms
of gene expression affected by higher temperatures
and the eventsthat activate cell death under this con-
dition remain unknown; these factors could be iden-
tified by specific molecular/genetic markers (5). The
human genomevariability may validate key evidence
in understanding individual susceptibility to complex
diseases. A molecular genesisfor seminal aterations
has been found in patients with varicocele (6), which
provides new information about this disease, aswell
as new diagnostic possibilities.

Although some genes are expressed in both
germ and somatic cells, others are exclusively ex-
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pressed in germ cells. Any disruption to the regular
expression of these genes may lead to abnormal sper-
matogenesis (7). The highly preserved “Heat Shock
Protein” (HSP) family of genes (8) is extremely im-
portant, since these genes act asmolecular chaperones
in a wide variety of cellular processes. HSP70 and
HSPOO0 are expressed in germ, Sertoli and Leydig cells
during the neo-natal period, and in spermatocytes and
spermatids after the onset of puberty; HSP90 also ex-
pressesin spermatogonias (9). These proteins reestab-
lishahomeostatic mechanism and equilibrium between
protein synthesisand degradationinthecells(10). This
hasbeen shown inthe heat-induced differential expres-
sionof HSP70and HSP90 in varicocele (11,12) and in
semen cryo-preservation (13).

Aswell asbeing responsiveto stress, HSP90
isahighly preserved protein that is highly abundant
— between 1 and 3% of the total amount of protein
found in most cells is HSP90 (14). This molecular
chaperone plays an important role in spermatogen-
esis (15), and reduced HSP90 function in
transheterozygote Drosophila sp correlates with an
infertility phenotype (16). In a study conducted by
Huang et a. (2000) with boar semen, the authors con-
cluded that through direct action in these cells, HSP90
isresponsible for areduction of sperm motility (17).
HSP90 is aso associated with protecting the cells
against oxidation damage (18).

Yueet a. (1999) suggest that asmall change
in HSPQO function, such as point mutations, could
lead to infertility (16). It has also been reported that
HSP90'srolein protein folding and maturation could
buffer the damaging effects of mutations (19).

In order to define the mechanisms underlying
HSP90 function, Rebbe et a. (1989) determined its
genomic structure, which is built of 12 exons and 11
introns (20), and as aresult screening for mutationsin
infertile men with varicocele has become possible.

This study set out to analyze possible corre-
|ations between coding single region nucleotide poly-
morphisms (cCSNPs) in the HSP90 gene using PCR-
SSCP (polymerase chain reaction—single strand con-
formation polymorphism) in patients with varicocele
associated with azoospermiaor severe oligozoosper-
mia, and to characterize possible mutations in these
exons through DNA sequencing.
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MATERIALSAND METHODS

A prospective study was employed involving
three groups of patients: Group A, made up of 18 in-
fertile patientswith grade|l or I11 varicocele (14 bilat-
erd and 4 unilateral varicoceles), of which 12 presented
severe oligozoospermia (< 5x10° sperm/mL) and 6
presented azoospermia; Group B, made up of 11 pa-
tientswith idiopathic infertility, of which 6 presented
severe oligoasthenozoospermia and 5 presented
azoospermia; and Group C, made up of 12 patients
with proven fertility and without varicocele. Testicu-
lar volume was assessed in al patients through the
use of aPrader orchidometer, and blood sampleswere
collected for FSH, LH and serum testosterone dos-
age and for genetic analyses.

Each patient was fully informed of the ob-
jectives of this study and those that agreed with the
consent form were assigned to the study. All proto-
colswerefirst approved by the Research Ethics Com-
mittee.

Semen Analysis - Semen was collected
twicefor each patient and the sampleswere analyzed
according to the World Health Organization guide-
lines (2) and sperm morphology was evaluated using
strict criteria according to Kruger et al. (1996) (21).

Hormonal Analysis - A blood plasma ali-
quot maintained at -20°C was used for luteinizing
hormone (LH) and follicle stimulating hormone
(FSH) dosage by enzyme immunoassay using the
IM® ¥sem kit from Abbott L aboratories, according to
the manufacturer’s protocol. Results were expressed
in mlU hormone/mL plasma. Reference values for
LH and FSH arerespectively 2.0to 12.0mlU/mL and
1.0 to 12.0mIU/mL. Another blood plasma aliquot,
also maintained at -20°C, was tested by radioimmu-
noassay in solid phase to determine testosterone lev-
elsusing the Coat-A-Count Total Testosterone (DPC)
kit. Results were expressed in ng testosterone/dL
plasma. Intra-assay variation was determined at 1.8%
and inter-assay at 2.1%. Reference values for 20 to
49 year old men are from 262 to 1.836ng/dL.

DNA analysis - All infertile patients were
submitted to the Y chromosome microdeletion scan
using multiplex PCR for regionsAZFa, AZFb, AZFc,
and AZFd. 18 pairs of oligonucleotides that are ho-
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mologous to the following STS (sequence tagged
sites) wereused: sY 81, sY 182, sY 121, sYPR3,sY 124
SY 127,sY 128, sY 130, sY 133, sY 145, sY 153, sY 152,
SY 242, sY 239, sY208, sY 254, sY 255, and sY 157.
Patients showing Y chromosome microdel etionswere
submitted for further analysis of chromosome abnor-
malities using peripheral lymphocyte culture and G
band staining.

Based on the previously described DNA
sequences for the HSP90 gene, GeneBank access
J04988, primer pairs for PCR were designed from

the 5' and 3' flanking regions for each of the 11 cod-
ing HSP90 gene exons (Table-1).

Purified DNA samples from leukocytes
were used for the PCR reactions. Each reaction was
prepared to afinal volume of 50pL, containing: DNA
(100ng), 1.25mM of each deoxyribonucleotidetriph-
osphate (ANTP), Tag DNA polymerase (21U), 10x
concentrated buffer for Tag DNA polymerase, bovine
serum albumin (BSA), 2.5mM magnesium chloride
(MgCl,), and ultra-pure water g.s.p. The temperature
cycles used in each reaction were based on previous

Table 1 — Sense and anti-sense primers used for mutation screening of the HSP90 gene.

EXON Primers5 - 3' Amplicon Size (bp)

Exon 2 S — CATGGGGCCTTAGTGTTCTT 217
AS— AATGTGGAAACCAGAGCACC

Exon 3 S TTGGAAAGAGCAAAAGTAAGTTG 270
AS— TGAATGCCTACAGAACTGCAA

Exon 4 S - TTGCTTCTTTAAAACTTGTGATTG 253
AS - AGCCCAGAAAATCCTAACCC

Exon 5 S— AATTGCTGGTCTCAACTGCAT 246
AS - TCCTGCACGTTAAGTGTAAAAGA

Exon 6 S— TCCAAGGCTAATTCTGTTTTTG 382
AS —» CCATATGTGCATGTTGAGCC

Exon 7 S — ATGTACCACTTATTTTTGGTTTCTTTC 240
AS — CCCAAGACTTCACCCAACTAA

Exon 8 S ACTGAGCTTTCTCACCCTGG 270
AS - GGGAATAAGCATTATTTGCCTTT

Exon 9 S— TTTTTCCTCTTCCCACCCTT 214
AS— CTCCCCACTCCTCCAAAAAG

Exon 10 S— TAGTCACTGAGTTCATTTAATTACCC 330
AS— AAAATATATCCTAGCCCCAGAATG

Exon 11 S— TCAATCTAAGGCTTTTGTGATCG 400
AS— AAACTCCTTGCCACACCAAG

Exon 12 S— TTGGTCAAGTCTCACATG 485

AS — CATCCACTTCACAAGGGA
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annealing temperature analyses for each pair of oli-
gonucleotides. Negative controls containing all the
reagentsexcept DNA wereused in all the experiments
to monitor for possible DNA contamination.

The PCR amplified DNA fragmentsfor al
11 exonsof the HSP90 gene were preci pitated through
addition of sodium acetate pH 6.0 to a final concen-
tration of 0.3M and absolute ethanol and further in-
cubation at -20°C for 30 minutes. After this period
thetubeswere centrifuged at 13,000 rpm and the sedi-
ment was re-suspended in 20 pL of TE buffer (10mM
Tris pH 7.4 and 1mM EDTA). A CD buffer (05%
formamide, 0.05% xylene cyanol, 0.05% bromophe-
nol blueand 20mM EDTA) was added to the sampl es,
which were heated for 10 minutes prior to e ectro-
phoresis.

The PCR product was separated into a12%
polyacrilamide horizontal gel, GeneGel Excel 12.5/
24 (Amersham Biosciences). The gel wasrun in a
GenePhor el ectrophoresis chamber (Amersham Bio-
sciences) under the following conditions: 10-15°C,
110V, 16mA, 6W for 20 minutes; 10-15°C, 600V,
42mA, 16W for 120 minutes.

DNA wasobserved using the PlusOne DNA
Silver Staining kit (Amersham Biosciences) in the
GeneStain Automated Gel Stainer automatic unit
(Amersham Biosciences).

PCR products were cloned into TOPO TA
Cloning Kit vectors (Invitrogen), according to the
manufacturer’s protocol. Sequencing reactions were
performed using the Dye Primer Cycle Sequencing
Ready Reaction reagent kit (Perkin Elmer) accord-
ing to manufacturer’s instructions. Electrophoresis
was performed in the automatic ABI 377 equipment
(Perkin Elmer). All PCR products were sequenced in
both ways (forward and reverse), and sequencing was
repeated once.

The sequenceswere then compared to those
of the HSP90 gene found in the GeneBank database.

RESULTS

Mutation analyses were performed in the 11
coding HSP90 gene exons. Since the first exon does
not codify for aprotein, it wasn't evaluated. The oth-
ers were analyzed (Table-1) according to the previ-
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ously described methodology. Seven altered confor-
mation patterns were detected with the SSCP analy-
sis. Figure-1 shows a polyacrilamide gel represent-
ing exon 10 of the HSPAO gene.

DNA from samples showing an abnormal
band pattern on the SSCP analysiswere sequenced in
order to search for mutations. Three SNPswereiden-
tified: a 3774 C>T polymorphism in exon 4 of pa
tient P11; a 6192G>A polymorphism in exon 10 of
patient P5; and a 7602G>A polymorphism in exon
12 of patient P8 (Figures-2, 3 and 4).

Table-2 summarizes the clinical and hor-
monal status of the 3 patients showing polymorphisms
for the HSP9O gene, and the patient with Y chromo-
some microdeletions. Patient P7, who presented
oligoasthenozoospermia, did not show any polymor-
phismsin the HSP90 gene but wastested positive for
microdeletionsintheAZFcand AZFdY chromosome
regions, and a raised FSH concentration (13.0 miU/
mL). Patient P5 presented azoospermiaand tested nor-
mal for testicular volume and hormonal levels. Patients
P8 and P11 presented varicocele and were diagnosed
with severe oligozoospermia, asthenozoospermiaand
raised FSH levels (14.5 and 16.1 mlU/mL respec-
tively).
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Figure 1 — Slver-stained polyacrilamide gel representing PCR-
SSCP band patterns for exon 10. Patients (lanes 1 to 18) and
controls (lanes 19 to 23). M= 100 bp ladder molecular marker.
Lane 5 (W) shows patient P5 with an altered band.
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Figure 2 — Chromatograms (control and patient P11) of exon 4
of the HSP90 gene DNA sequence. (*) Indicates the 3774C>T
polymorphism (AAC — AAT conversion) which codifies for
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Figure 3 — Chromatograms (control and patient P5) of exon 10
of the HSP90 gene DNA sequence. (*) Indicates the 6192G>A
polymorphism (AAG_— AAA conversion) which codifies for
lysine.
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Figure 4 — Chromatograms (control and patient P8) of exon 12
of the HSP90 gene DNA sequence. (*) Indicates the 7602G>A

polymor phism.

COMMENTS

Varicocel eisone of the most frequent causes
of male infertility, athough the pathogenic mecha-
nisms by which it leads to changes in spermatogen-
esis are not clear. Some of these mechanisms may
possess a known cause, such as Y-chromosome
microdeletions. In thisstudy, the frequency of Y-chro-
mosome microdel etions was assessed. Of the 29 pa-
tients investigated, 1 (patient P7) with severe oligo-
zoospermia presented microdeletions in Y chromo-
someregionsAZFc and AZFd, afrequency of 3.45%,
which iswithin the classically described range of 3-
20% (22).

As well, 18 patients with azoospermia or se-
vereoligozoospermiaassociated with varicoceleand 11
patients with idiopathic infertility were screened for
DNA polymorphismsin the HSP90 gene. Mutationsin
this gene could lead to oligoasthenoteratozoospermia
in men similar to that shown by patientswith'Y chro-
mosome microdeletions. Of al the samplesanalyzed,
only three alterations were found, which character-
izes the high conservation rate of this protein (8).
Patient P11 possessed a 3774C>T polymorphism in
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Table 2 — Summary of the clinical (number of spermatozoa, testicular volume and hormonal dosage) and molecular
genetic status of the patients presenting with polymorphisms and/or Y-chromosome microdeletions.

Patient Sperm Testicular FSH LH  Testosterone Cariotype Y-Chromosome  HSP90
Count Vol. (mIU/mL) (mlU/mL) (ng/dL) Microdeletion Polymorphism
(x10%/mL) (Right)/(Left)
(cm?)

P5 0 25/25 16 4.4 329.59 46,XY - 6192G>A
P7 0.1 15/15 13.0 6.6 407.68 46,XY AZFceAZKd -

P8 0.75 15/15 145 6.1 389.27 46,XY - 7602G>A
P11 0.1 15/15 16.1 11.9 308.36 46,XY - 3774C>T

Reference values form plasmatic hormonal levels: FSH: 1.0-12.0 mlU/mL, LH: 2.0-12.0 mlU/mL, testosterone 262-1836 ng/dL.

CONCLUSION
codon 150, exon 4, which codifiesfor asparagine (Fig-
ure-2); Patient P5 possessed a 6192G>A polymor- Mutations of the HSP90 gene do not seem to
phismin codon 552, exon 10, which codifiesforlysine  be acommon cause of malefactor infertility. Thelow
(Figure-3); and Patient P8 possessed a7602G>A poly-  incidence of gene variation or SNPsin infertile men
morphism in the non-coding region (3'UTR) of exon  demonstrates the high conservation rate of this gene

12, one base after the UAG stop-codon (Figure-4).  and thus confirmsitskey rolein spermatogenesis and
Although these synonymic SNPs do not alter the pro- response to stress.
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EDITORIAL COMMENT

VARICOCELES, HEAT AND HEAT SHOCK PROTEINS- THAT ISTHE QUESTION!

The variable effect of the varicocele on
spermatogenesis remains enigmatic. Why do
varicoceles affect spermatogenesis? Why not all
patients with varicoceles have abnormal
spermatogenesis? An understanding of the
pathophysiology of the varicocelewill allow patients
and their physicians to choose the most appropriate
therapy for their infertility and varicocele.

In the current article by Hassun Filho et al.,
themolecular basis of varicocel e associated abnormal
spermatogenesis is explored.

The authors studied single nucleotide
polymorphisms of the heat shock protein (HSP) 90
gene in men with varicocele associated infertility.
Heat-shock proteinsare molecular chaperones, which
assist other proteins in their folding, transport and
assembly into complexes, thus protecting both protein
structure and function. These heat shock proteinsare
most often induced by physiological stress such as
heat (heat shock protein) and other stresses. Heat
shock proteins are classified according to their
molecular weight: HSP25, HSP47, HSP60, HSP70/
72, HSP90, and HSP110 (1). Thus, their expression
in the testicle protects the germ cells from
environmental hazards such as heat, radiation, and
chemicals (2). The activation of this genetically
programmed response to stress has been evol utionary
conserved (3). Thus, suggesting that mutations
affecting HSP90 could theoretically lead to infertility
(4). Therefore, such mutations could limit the
protective effects of heat shock protein in response
to the stress induced by varicoceles.

Some have suggested that HSP dysregulation
in varicocele patients initiates germ cell apoptosis,
and, it follows that coding and noncoding mutations
could interfere with the normal protein kinetics of
HSP90 (5). Simsek et al. documented increased
apoptosisin patients with varicoceles (6).

Other attempts have been made to explain
the variable impact of the varicocele on spermatoge-
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nesis. Nagler and coworkers constructed the The
Cofactor Hypothesis of the varicocele in 1990 (7).
This hypothesis states that, perhaps, the varicoceleis
a cofactor, which allows other gondatoxins to mani-
fest themselves. This work demonstrated that
nicotines' effect on spermatogenesis was more pro-
nounced when administered in conjunction with an
experimental varicocele. Marmar & Benoff subse-
quently proposed a “two hit hypotheses’ (8). This
hypothesis states that molecular or genetic defects
may berequired for the varicocele to exert its delete-
rious effects on spermatogenesis. In the absence of
such defects, men with varicoceles may be fertile. It
is this later hypothesis that is studied in the current
manuscript.

The current study, unfortunately, does not al-
low usto conclude that mutations in the HSP cascade
arethe underlying pathophysi ol ogic mechanism of the
abnormal spermatogenesi s associated with the varico-
cele. Theassessment of Y chromosome microdel etions
athough, as the authors note, is consistent with pub-
lished datafor infertile men does not relate to the vari-
cocele. If mutationsin HSPwereidentified in the men
with varicoceles and infertility, it would perhaps pro-
vide evidence that disruption in this highly conserved
protective mechanism could explain the variable im-
pact of the varicocele on spermatogenesis. Neverthe-
less, thereislittle doubt the genetic/molecular studies
of infertility will ultimately provide additional under-
standing. Alas, no differences in the HSP genes were
observed in thissmall population. Thus, we are, again
left questioning why doesavaricocel e affect spermato-
genesiswhen it does and why does not the varicocele
aways affect spermatogenesis.

REFERENCES

1. Morimoto RI, TissieresA, Georgopoulos C: Progress
and Perspectiveson the Biology of Heat Shock Proteins
and Molecular Chaperones. Cold Spring Harbor, Cold
Spring Harbor Press, 1994,



HEAT SHOCK PROTEIN 90 GENE IN VARICOCELE

Legare C, Thabet M, Sullivan R: Expression of heat
shock protein 70 in normal and cryptorchid human
excurrent duct. Mol Hum Reprod. 2004; 10: 197-202.
Feder ME, Hofmann GE: Heat-shock proteins,
molecular chaperones, and the stress response:
Evolutionary and ecological physiology. Annu Rev
Physiol. 1999; 61: 243-82.

Yue L, Karr TL, Nathan DF, Swift H, Srinivasan S,
Lindquist S: Genetic analysis of viable Hsp90 alleles
revealsacritical rolein Drosophila spermatogenesis.
Genetics. 1999; 151: 1065-79.

Lue YH, Hikim AP, Swerdloff RS, Im P, Taing KS,

244

Bui T, et a.: Single exposure to heat induces stage-
specific germ cell apoptosis in rats: role of
intratesticular testosterone on stage specificity.
Endocrinology. 1999: 140: 1709-17.

Simsek F, Turkeri L, Cevik |, Bircan K, AkdasA: Role
of apoptosisin testicular damage caused by varicocele.
Arc Esp Urol. 1998; 51: 947-50.

Peng BC, Tomashefsky P, Nagler HM: The cofactor
effect: varicoceleand infertility. Fertil Steril. 1990; 54:
143-8.

Marmar J, Benoff S: New scientificinformation related
to varicoceles. J Urol. 2003; 170 (6 pt 1): 2371-3.

Dr. Harris M. Nagler

Beth Israel Medical Center and
Albert Einstein College of Medicine
New York, New York, USA



