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bjective: To evaluate whether defective cyclic adenosine monophosphate responsive element m
CREM) expression is the causative factor of spermatid maturation arrest (SMA).

esign: Comparative evaluation of the testicular histology in patients with SMA or normal spermatog

etting: University clinic of andrology.

atient(s): Azoospermic patients undergoing testicular biopsy.

ntervention(s): None.

ain Outcome Measure(s): Expression of CREM� in quantitative immunohistochemistry analysis
esticular biopsy samples.

esult(s): Regular CREM expression was observed in the tubules with round, but not elongated, spe
f patients with SMA (n� 9). Quantitative analysis showed that round spermatids of patients with SM
staining intensity similar to that observed in controls (n� 7).

onclusion(s): Lack of spermatid elongation was not due to defective CREM expression. Therefore,
id not play a pathogenetic role in the onset of SMA in humans. (Fertil Steril� 2004;82(Suppl 3):1072–107
2004 by American Society for Reproductive Medicine.)

ey Words: CREM, spermatid maturation arrest, normal spermatogenesis, immunohistochemistry,
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Several studies have identified a family
ranscription factors as a key componen
permatogenesis: the cyclic adenosine mo
hosphate (cAMP) responsive eleme
inding protein (CREB). The most importa
ember of this family is the cAMP-respo

ive element modulator (CREM). Followin
ollicule stimulating hormone (FSH)-induc
hosphorilation at serine-117, CREM is

ivated and recognizes a 8-base pair (
alindromic sequence with the consen
otif 5=-TGACGTCA-3= (CRE element)
his results in the modulation of the expr
ion of several genes coding the structu
roteins required for mature spermatozoa

elopment, such as protamine-1 and prota-r
ine-2, transition protein-1 and transiti
rotein-2, and calspermin and RT7 (1–5).

The CREM gene has remarkable prope
ithin its family. By mechanisms of alternati
xon splicing, alternative promoter usage,
utoregulation of promoters, it generates b
epressor and activator isoforms (6–9). One
roup of CREM activators consists of t
REM� isoforms (�, �1, and�2) that originate

rom the same promoter (P1) as the suppre
soforms CREM�, CREM�, and CREM�. A sec-
nd group of CREM activators, which origina

rom two alternative promoters (P3 and P4)
ranslation initiation codons, has recently b
dentified and named CREM�1 and CREM�2,

espectively (10). In addition, by alternative us-



a
c
C

c
a
r
b
t
e
c

f
c
t
r
e
C
A
m
s
i
h
v

t
g
z
r
a
t

a
o

I
m
e
c
i
u
i
o
n

P

b
p
B
t
s
c
s
s
f
e
a
w

I

I
6
d
f
1
p
P
b
t
e
i
i
w
b
t
b
o
w

w
i
d
r
m
3

T
s
s
m

J
N
T
T
N
P
S

N
a

P

F

ge of two translation initiation codons, the CREM� transcript
an generate two proteins with opposite functions: the activator
REM� and the repressor S-CREM (11).

An important CREM repressor isoform is the inducible
AMP early repressor (ICER), which originates from an
lternative intronic promoter (P2). Inducible cAMP early
epressor, whose transcription can be activated by cAMP,
inds to the CRE element and represses cAMP-induced
ranscription. The consequent fall in ICER protein levels
ventually leads to repression release and permits a new
ycle of transcriptional activation (12).

The role played by CREM in the male reproductive
unction has been demonstrated in the mouse model. A
omparison of CREM expression in prepubertal and adult
estes revealed a functional switch: while low levels of the
epressor isoforms (CREM�, CREM�, and CREM�) are
xpressed in the immature testis, only the activator form
REM� is detected in the adult testis at high levels (7).
ntagonist forms of CREM are present in premeiotic ger-
inal cells and early prophase spermatocytes. A prominent

witch to the CREM� and CREM� activating isoforms starts
n pachytene spermatocytes, leading to the activation of
aploid genes important in the late round of spermatid de-
elopment and elongation initiation.

The importance of CREM in male fertility was evident by
he analysis of CREM knockout mice (13, 14). The homozy-
ous males are sterile, having absolutely no mature spermato-
oa. Seminiferous epithelium analysis of mutant male mice
evealed postmeiotic arrest at the first step of spermiogenesis
nd a dramatic decline in postmeiotic gene expression. Testos-
erone and FSH levels were not affected by the mutation (15).

This experimental evidence suggests that CREM could
lso be involved in human spermatogenesis as a causal factor

T A B L E 1

ubular and spermatid parameters of testicular biopsy
pecimens obtained from patients with normal
permatogenesis (controls) and patients with spermatid
aturation arrest (SMA).

Controls
(n � 7)

SMA
(n � 9)

ohnsen’ s score 9.9 � 0.1 6.6 � 0.2a

umber of tubules examined 14.8 � 2.5 13.0 � 1.6
ubular area (�m2) 46,598 � 1,360 43,946 � 1,403
ubular perimeter (�m) 808.4 � 13.6 802.2 � 14.4
umber of spermatids/tubule 37.7 � 3.0 16.1 � 2.0a

ercentage of CREM � spermatids 85.8 � 2.2% 72.0 � 2.5%
permatid nuclear area (�m2) 20.7 � 0.5 24.3 � 0.6

ote: Data are expressed as mean � SEM.
P�.05, unpaired Student’ s t-test.

alermo. CREM immunohistochemistry and SMA. Fertil Steril 2004.
f round spermatid maturation arrest (SMA) in infertile men. C

ERTILITY & STERILITY�
n this regard, it has been reported that round spermatid
aturation arrest is always associated with a lack of CREM

xpression (16, 17). However, Lin et al. (18) were unable to
onfirm these results. These contrasting results and the clin-
cal implication for this key regulator of spermatogenesis led
s to evaluate the expression of CREM� by quantitative
mmunohistochemical analysis in testicular biopsy samples
f selected azoospermic patients with round SMA and with
ormal spermatogenesis (control group).

MATERIALS AND METHODS

atients
Sixteen men were selected for this study, and testicular

iopsy samples were obtained from them as previously re-
orted elsewhere (19). The testicular tissue was fixed in
ouin’ s solution. Based on quantitative evaluation of sec-

ions stained with hematoxylin and eosin (20), seven biopsy
pecimens from patients with obstructive azoospermia were
lassified as complete spermatogenesis (controls), and nine
amples from patients with secretory azoospermia were clas-
ified as round SMA. Controls had a Johnson’s score ranging
rom 9.30 to 10, while the patients with SMA had a Johns-
n’ s score ranging from 5.30 to 7.25. The protocol was
pproved by the institutional review board, and informed
ritten consent was obtained from each patient.

mmunohistochemistry
Tissue fixed with Bouin’ s (Sigma-Aldrich Srl, Milan,

taly) was dehydrated, embedded in paraffin, and cut into
-�m sections for CREM localization. The paraffin-embed-
ed tissue was deparaffinized by placing the slides in xylene
or 30 minutes, then rehydrated by incubating it twice in
00% and 95% ethanol for 5 minutes each, followed by
hosphate-buffered saline (PBS) 1� wash. After a wash in
BS/brij for 5 minutes, the slides were immersed into citrate
uffer and placed in a microwave oven for 6 minutes and
han cooled at room temperature for 25 minutes. The endog-
nous peroxidase activity was blocked by 30 minutes of
ncubation at 37°C in 4% freshly prepared hydrogen perox-
de in PBS/brij. After being rinsed in PBS/brij, the sections
ere preincubated for 1 hour at 37°C in a humidified cham-
er with PBS containing 5% bovine serum albumin (BSA),
hen incubated overnight at 4°C with the monoclonal anti-
ody against the � isoform of CREM. The antibody, gener-
usly donated by Dr. P. Sassone-Corsi (Strasbourg, France),
as used at 1:5000 dilution in PBS containing 5% BSA.

Following rinsing in PBS/brij for 15 minutes, the sections
ere incubated for 1 hour at room temperature with perox-

dase-labeled goat anti-rabbit secondary antibody at 1:200
ilution in PBS containing 5% BSA. The sections were then
insed in PBS/brij for 15 minutes and incubated for 20
inutes at room temperature in a humidified chamber with

-3=diaminobenzidine tetrahydrochloride (DAB) (Sigma

hemical Company, St. Louis, MO) in PBS 1� containing

1073
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.03% H2O2. The reaction was stopped by washing the
ections in PBS/brij and then in distilled water two to three
imes until a uniform brown color became visible. The
ections were counterstained in Mayer’ s hemalum solution
VWR International Srl, Milan, Italy) for 5 minutes, washed in
istilled water two to three times, then dehydrated by incubat-
ng them twice in 95% and 100% ethanol for 5 minutes each.
fter a step in xylene for 30 minutes, the slides were mounted
sing Di-n-butyl-phthalate-polystyrene-xylene (DPX), (VWR
nternational Srl, Milan, Italy) mountant (BDH Laboratory Sup-
lies, Poole, United Kingdom).

Specificity control was obtained by replacing the primary
ntibody with PBS containing 5% BSA. To control for
eactivity of the specimen, we used the monoclonal antis-
licing factor SC35, a nuclear protein present in all cellular
ypes. A section contiguous to that colored for CREM was
tained using this antibody. All cells present in the sections

F I G U R E 1

esticular biopsy of an azoospermic patient with normal sperm
permatid maturation arrest (panels C and D) stained with ant
gainst the splicing factor SC35 (panels B and D). Light blue a
rrows indicate elongated spermatids. SC35 is expressed in

alermo. CREM immunohistochemistry and SMA. Fertil Steril 2004.
f all biopsy specimens stained regularly with SC35. s

074 Palermo et al. CREM immunohistochemistry and SMA
mage Analysis
Quantitative analysis of immunostaining was performed us-

ng Leica’s Windows-based image analysis system Qwin linked
o a Leica DM RXA2 microscope (Wetzlar, Germany). Round
ubules were evaluated from each biopsy specimen always
sing the same magnification (eyepiece 10�; objective 20�)
nd the same microscope light intensity. The software was set
o recognize spermatid nuclear dimensions (to eliminate false-
ositive results) on the chromatic threshold level for DAB and
n the algorithm to follow for the interpretation of the positively
tained cell nuclei.

We first measured the circumference and the area of a
ubule, then the image underwent analysis to reveal spermatid
uclei showing CREM-staining after having been cleaned from
ll interfering factors. The CREM-positive nuclei were identified
nd counted, and the staining intensity was decodified from the
undamental brown color to the single component of the RGB

genesis (panels A and B) and of an azoospermic patient with
EM antibody (panels A and C) or with a monoclonal antibody
s indicate CREM-positive round spermatids, whereas yellow
ell types.
ato
i-CR
rrow
all c
ystem to obtain objective information on the color intensity.

Vol. 82, Suppl 3, October 2004
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ata Analysis
Data are shown as mean � SEM throughout the study.

he mean CREM staining color intensity of controls was
rbitrarily made equal to 1,000, and the staining intensity of
ach single control and SMA patient was then recalculated
y applying a proportion. The data were analyzed by un-
aired Student’ s t-test. The software SPSS 9.0 for Windows
SPSS, Inc., Chicago, IL) was used for statistical evaluation.
�.05 was considered statistically significant.

RESULTS
The number, area, and perimeter of the tubuli examined

ere similar in the testicular biopsy specimens of controls
nd SMA patients (Table 1). As expected, the patients with
MA had a statistically significantly lower number of round
permatids per tubule (P�.05). The CREM expression could
lways be detected in the nuclei of round spermatids of
esticular biopsies from patients with SMA (Fig. 1). No
REM expression was detected after the replacement of the
rimary antibody with BSA.

The SMA patients had a lower percentage of CREM-
ositive round spermatids compared with controls, but the
ifference did not reach statistical significance. One patient
ad a number of CREM-positive spermatids below the lower
ange observed in controls. The round spermatid nuclear area
as similar in controls and in patients with SMA (see Table 1).

Testicular biopsy specimens from controls and SMA pa-
ients showed a strong expression of CREM in the nuclei of
ound spermatids. No statistically significant difference was
etected in spermatid-staining intensity between controls
nd patients with SMA (Fig. 2).

DISCUSSION
Recent studies that have analyzed CREM expression in

he human testis have reported contrasting results. Wein-
auer et al. (16) showed an association between spermatid
aturation arrest and CREM expression in the human testis.

n their study, the testicular expression of CREM protein was
nalyzed by quantitative immunohistochemistry using a
olyclonal antibody raised against recombinant mouse
REM� that recognizes the CREM isoforms �, �, �, �1, and
2 with similar affinity, ICER with lower affinity, and a
abbit polyclonal antiserum raised against full-length poly-
istidine-tagged human CREM protein. Comparable results
ere obtained with both antibodies. In the 10 patients with
MA studied, the CREM signal was markedly reduced or
ndetectable. The reduction was significantly different when
ompared with the four patients with obstructive azoosper-
ia and, hence, normal spermatogenesis. These observations

ed the investigators to conclude that CREM protein plays a
elevant role in human spermatid development and that this
ranscription factor could be associated with spermatid mat-

ration arrest in cases of idiopathic male infertility (16). w

ERTILITY & STERILITY�
The essential role of CREM during human spermatogen-
sis was also underlined by Peri et al. (17). Using a different
ethodologic approach, these investigators showed that the

ack of switch in the expression of CREM gene isoforms
ay be related to defective spermatid maturation in idio-

athic male infertility. They performed reverse transcription-
polymerase chain reaction (RT-PCR) examinations of RNA
xtracted from germ cells at different maturation stages from
wo groups of men, the first with normal semen parameters
nd the second with severe oligozoospermia or azoospermia.
hey showed that a switch from CREM repressor to activa-

or isoforms in postmeiotic germ cells occurs in the first
roup, but not in the second.

Those results were substantiated by in situ hybridization
xperiments performed on five testicular biopsies: two with
ormal spermatogenesis and three with SMA, using a probe
hat hybridated mRNA sequences common to CREM� and
1. Positive staining for CREM activators was present in all
he sections of the patients with obstructive spermatogenesis,
ut was completely absent in the patients with SMA (17).
hus, the investigators suggested that a lack of switch in the
xpression of CREM gene isoforms is related to SMA.

Both of these studies suggested that a lack of CREM ex-
ression or of a switch from inhibitor to activator isoforms was
he pathogenic mechanism responsible of SMA onset in pa-
ients with this type of spermatogenic failure. If this is true,
REM-activating isoform expression is the biochemical path-
ay where the different andrologic diseases convey their neg-

tive effects, thus blocking sperm maturation at the stage of
ound spermatids. However, a study of Lin et al. (18) was
nable to confirm these results. They analyzed 48 testicular
iopsy samples by immunohistochemical analysis, using a
olyclonal rabbit antibody against the � isoforms of CREM,

F I G U R E 2

olor intensity of round spermatids stained with CREM an-
ibody in testicular biopsies of patients with normal spermat-
genesis (control) (n � 7) and in patients with spermatid
aturation arrest (SMA) (n � 9).

alermo. CREM immunohistochemistry and SMA. Fertil Steril 2004.
hich showed whenever present round spermatids exhibited a

1075
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egular staining for CREM�. In fact, CREM� immunoreactivity
as observed in the round spermatids of testicular biopsy

amples from patients with normal spermatogenesis, hyposper-
atogenesis, and SMA, but not in testicular specimens with
ertoli cell only syndrome or with primary spermatocyte mat-
ration arrest. The lack of CREM� expression in this latter
roup may not be regarded as a cause of the spermatogenic
ailure, but may simply reflect the absence of spermatids (18).

This discrepancy and our skepticism in considering all
ases of SMA as due to a lack of CREM gene expression
rompted us to evaluate the expression of activating iso-
orms of CREM in testicular biopsy specimens from patients
ith SMA. For this purpose, we carefully selected nine
atients with round spermatids in their testicular biopsies. A
trong expression of CREM� was detected in the nuclei of
ound spermatids, as previously reported (18). Quantitative
nalysis showed that patients with SMA had a similar per-
entage of CREM-positive round spermatids, which also
howed a similar staining intensity. Thus, these data suggest
hat patients with SMA had a CREM expression similar to
hat observed in the round spermatids of patients with nor-
al spermatogenesis. In the tubules with round, but not

longated, spermatids, regular CREM staining was observed,
onfirming that the lack of spermatid elongation was due to
defective mechanism other than CREM expression.

Although we do not have a definitive explanation for this
iscrepancy, it may relate to a difference in the testicular biopsy
ample selection among studies. Weinbauer et al. (16) based
heir histologic diagnosis of round SMA on Clermont (21) and
olstein and Roosen-Runge (22) criteria, so we cannot pre-

isely compare their patients with ours. It should be highlighted
hat the European Association of Urology recently suggested
hat the most appropriate criteria to use in evaluating testicular
iopsy specimens with nonobstructive azoospermia are those
ased on scoring systems (23). For this reason, we used John-
on’s scoring criteria (20) to classify the patients enrolled in our
tudy. Because our patients could be classified as having round
permatid maturation arrest in stages I to III, they had a sper-
atogenetic defect similar to the patients studies by Weinbauer

t al. (16). Nevertheless, as suggested by the Weinbauer study,
SMA patient with presumably altered CREM expression

ould be identified among our patients when we considered the
ercentage of CREM-positive spermatids in relation to the
ange observed in controls. Indeed, this patient had a number of
REM-positive round spermatids below the lower range of
ontrols. Therefore, one out of nine patients (11%) may have a
REM expression deficiency as a pathogenetic mechanism of

heir SMA. However, the staining intensity of his spermatids
as similar to that observed in the patients with normal sper-
atogenesis.

Our data provide further evidence that CREM does not
lay a pathogenetic role in all cases of SMA in humans.

owever, we cannot exclude the suggestion that lack of a

076 Palermo et al. CREM immunohistochemistry and SMA
witch in the expression of CREM-activating isoforms could
e responsible of sporadic cases of SMA.
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