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b Dipartimento di Fisiopatologia Medica, Uni6ersità degli Studi di Roma ‘La Sapienza’, Viale Regina Elena, 324-00161 Rome, Italy
c Section on Genetic Disorders of Drugs Metabolism, Heritable Disorders Branch, NICHD/NIH, 9000 Rock6ille Pike, Bethesda,

MD 20892, USA
d Campus Biomedico, Rome, Italy

e Istituto Mediterraneo di Neuroscience, Pozzilli, Italy

Received 20 July 1999; accepted 15 June 2000

Abstract

Uridine diphosphoglucuronosyltransferases (UGTs) are detoxifying enzymes responsible for the metabolism of endogenous and
xenobiotics compounds. UGT isoforms are widely distributed in rat tissues showing a constitutive and inducible gene expression.
However, little information is available concerning UGTs expression in testis. The UGT1A1, UGT1A2, and UGT1B1 mRNAs
expression in whole rat testis, in Sertoli and peritubular myoid cells in basal conditions, and after hormonal and hypoxic
stimulation were investigated by reverse transcriptase-polymerase chain reaction (RT-PCR). Constitutive expression of each
UGT1 isoform was present in rat testis with higher levels of UGT1A2. UGT transcripts were also detected in Sertoli and
peritubular myoid cells. After FSH stimulation, Sertoli cells showed an increase in UGT1B1 mRNA expression, whereas the levels
of UGT1A1 and UGT1A2 resulted unmodified. The main effect induced by testosterone was a decrease of UGT1B1 mRNA
expression in peritubular myoid cells, whereas in Sertoli cells an increase in UGT1A1 and UGT1B1 was observed. In hypoxic
conditions, a reduction in UGTs mRNA levels was detected in both cell types. These findings suggest that rat UGT1 isoforms are
regulated in testis by hormonal and environmental factors. Thus, it was speculated that alterations in UGTs expression and/or
activity may be involved in the pathogenesis of testis injury. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Uridine diphosphoglucuronosyltransferases (UGTs)
are a family of isoenzymes located in the endoplasmic
reticulum that catalyse the transfer of the glucuronic
acid from uridine diphosphoglucuronic acid to a wide
variety of endogenous compounds including bilirubin,

steroid hormones, fat-soluble vitamins, and thyroid
hormones [1]. UGTs are also involved in the
metabolism and inactivation of various xenobiotic com-
pounds such as drugs, teratogens, and carcinogens [2].
Based on their aminoacid sequence similarities, two
families of UGTs have been characterized, UGT1 and
UGT2, consisting of drug-glucuronidating forms and
steroid-glucuronidating forms, respectively. However, it
has been demonstrated that UGT1 family is also able
to glucoronidate steroids [3,4]. Furthermore, UGT1
family was divided in two subgroups, UGT1A and
UGT1B, according to their preferential substrate spe-
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cificity. The members of UGT1 gene complex differ in
their first exon but share a single set of commonly used
exons (2–5), which encode the common carboxyl termi-
nal of UGT1 isoforms. The variable first exon codes for
the N terminus of the enzyme, which determines sub-
strate specificity. In rats, multiple UGT1 isoforms have
been identified showing a different tissue distribution
and a specific gene expression regulation by xenobiotics
and endobiotics. The liver is the main site of expression
of most of these enzymes, except for UGT1A7,
UGT1A8, UGT1A10, which are expressed only in ex-
trahepatic tissues [5,6]. Furthermore, a direct evidence
indicates a widely constitutive and inducible UGT1
expression in several tissues such as brain, lung, intes-
tine, skin, and gonads. Testis has been demonstrated a
considerable site of expression of both UGT1 [7] and
UGT2 [8,9] families.

In the last decades the rates of testis cancer, cryp-
torchidism, and hypospadias are increasing [10] while
reduction of the sperm counts and male fertility are
observed [11]. The reasons of the increased frequency of
testicular disorders have been discussed in an intriguing
debate. A dozen of synthetic and natural chemicals
interfering with the reproductive system, directly or
through disruption of endocrine functions, have been
discovered. UGTs play a central role in the cellular
detoxification of several compounds, preventing accu-
mulation of potentially dangerous xenobiotics or
metabolites [12,13] thus avoiding their subsequent
bioactivation to even more toxic reactive intermediates.
The production of such reactive species can be en-
hanced by hypoxic conditions, leading to an increased
susceptibility to cell injury [14]. The glucuronidation
prevents the covalent binding of these compounds to
cellular proteins, lipids, and DNA thus hampering cel-
lular damage leading to neoplastic transformation, de-
velopmental defects or specific organ diseases.

Although the function and regulation of UGTs are
well characterized in several tissues such as liver and
kidney, little information is available concerning the
relationship between testis and the UGT system.

In the present work, the expression of UGT1A1,
UGT1A2, and UGT1B1 isoforms in whole rat testis
was tested. Moreover, primary cultures of Sertoli and
peritubular myoid cells in basal conditions and after
hormonal stimulation were analyzed by reverse tran-
scriptase-polymerase chain reaction (RT-PCR). Finally,
the influence of hypoxia on UGT isoforms expression
was evaluated.

2. Materials and methods

2.1. Animals

Adult male Sprague–Dawley rats (Charles-River,

Como, Italy) 60-days-old were used. After animals were
sacrificed by decapitation, testis, liver, kidney and brain
were removed, frozen in liquid nitrogen and stored at
−70°C until RNA extraction.

2.2. Cell cultures

Sertoli and peritubular myoid cells were isolated
from testes of 20-day-old rats by sequential enzymatic
digestion with a previously described procedure [15].
Briefly, the testes were aseptically removed, decapsu-
lated and finely minced. Testicular fragments were di-
gested first with 0.25% trypsin (Boehringher
Mannheim, Mannheim, Germany) in order to remove
interstitial cells and then with 0.1% collagenase (Sigma,
St. Louis, MO) in a shaking Dubnoff water bath.
Consecutives washes with Dulbecco’s modified Eagle’s
medium (DMEM), with each wash followed by cen-
trifugation at 100×g, separated clusters of Sertoli cells
from others testicular cell types. Sertoli cell clusters
were resuspended in DMEM/F-12 medium (Gibco-
BRL, Paisley, UK) (1:1). Cells were plated in 60 mm
culture dishes (Falcon; Becton, Dickinson and Co.,
Rutherford, NJ) and maintained at 34°C under humi-
dified atmosphere with 5% carbon dioxide. On day 3,
plates were treated by hypotonic shock (20 mM Tris–
HCl buffer solution, pH 7.4, for 2 min) to remove
contaminating germ cells. Contamination with per-
itubular cells, assessed by staining for alkaline phos-
phatase, was negligible (1–2%) and contamination with
Leidig cells, evaluated by cytochemical detection of
3b-hydroxysteroid dehydrogenase activity, was virtually
absent. Viability was assessed by the trypan blue dye
exclusion method.

Purified peritubular myoid cells were obtained from
the collagenase-digested supernatant, after tubule seg-
ment had sedimented, by a Percoll discontinuous gradi-
ent technique [16]. Briefly, the collagenase supernatant
was layered on the top of the Percoll (Pharmacia,
Uppsala, Sweden) gradient (30–70%) and centrifuged
at 3000 rpm for 30 min. Then, the band containing
purified peritubular myoid cells was separated and the
cells were washed and plated. Primary cultures of per-
itubular myoid cells were maintained at 34°C in 5%
CO2 atmosphere in DMEM/F12 (1:1) containing 10%
fetal calf serum (Gibco-BRL). Peritubular myoid cells
viability was assessed by the trypan blue exclusion test,
and cell purity, never below 98%, was evaluated by
alkaline phosphatase activity on adherent cells.

On day 4, Sertoli cells were incubated in the presence
of 100 ng/ml ovine FSH (o-FSH-17; NIH Bethesda,
MD) or 1 mM testosterone (Sigma), for 24 h. After 6–8
days, peritubular myoid cells were treated with 1 mM
testosterone for 24 h in 95% air and 5% carbon dioxide.
Other experiments were also performed on Sertoli and
peritubular myoid cells in basal conditions placed
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in a humidified sealed chamber gassed with 1% O2, 5%
CO2, 94% N2 mixture (Caracciolossigeno, Roma,
Italy) at 34°C. Gas in and out flow were provided by
two steel tubes, which perforated the lid and were
connected to two silastic tubings on the outside of the
chamber. At the end of the incubation period the tight
seal of the chamber was verified by measuring the
oxygen tension inside.

After the exposition to hormonal or hypoxic stimuli,
Sertoli and peritubular myoid cells were harvested for
RNA extraction procedures.

2.3. RT-PCR

The RT-PCR reactions were performed as previ-
ously described [17]. Briefly, 1 mg of total RNA ex-
tracted from cells with guanidinium isothiocyanate
[18], was reverse transcribed, after DNase treatment,
in a final volume of 20 ml containing 20 mM Tris HCl

(pH 8.3), 50 mM MgCl2, 50 mM KCl, 1 mM each
dNTP, 1 U/ml of RNAsin (Gibco-BRL), 100 pmol
random hexamer (Boheringer-Mannheim), and 50 U
of MuLV reverse transcriptase (Perkin Elmer Cetus,
Norwalk, CT) according to the manufacturer’s guideli-
nes.

Aliquots of cDNA corresponding to 250 ng of RNA
were amplified in PCR buffer containing 25 pmol each
of upstream and downstream primers and 1.25 U of
Taq polymerase (Polymed, Firenze, Italy) in a final
volume of 50 ml. Four identical aliquots of the same
cDNA were separately amplified with b-actin,
UGT1A1, UGT1A2 and UGT1B1 primers in 4 differ-
ent reactions. The number of amplification cycles, per-
formed in a Perkin Elmer thermocycler 480, were as
follows: 37 cycles for UGT1A2, UGT1B1, and
UGT1A1, and 26 cycles for b-actin. The number of
cycles and the reaction conditions were chosen so that
none of the target cDNAs reached a plateau (Fig. 1).

A sample without RNA and a sample without
cDNA were included in each experiment of RT-PCR
as negative controls. All the recommended precautions
were taken in order to avoid contaminations and the
preparation of the reaction mixture and analysis of
amplified products were carried out in separate rooms.
Primers were chosen so as to be located in different
exons, in order to prevent DNA amplification.

The sequences of the specific primers were:
UGT1A1 upstream: 5% CCAACGGCTGGCCAACTT-
CAT 3% (location 615–632, exon 1); UGT1A2 up-
stream: 5% AGTGCCCCAGTCCTCCTTCAT 3% ( loca-
tion 548–569, exon 1); UGTB1 upstream: 5%
GGGTCACTTGCCACTGAAATC 3% ( location 688–
701, exon 1), and a unique downstream primer UGT
was used: 5% GGAGGCGTTGACATAGGCTTC 3%,
(location 7–28, exon 2); b-actin upstream: 5% AC-
CAACTGGGACGACATGGAG 3% (location 270–
291), downstream: 5% CGTGAGGATCTTCATG-
AGGTAAGTC 3% (location 600–624).

For UGTs amplifications, the PCR cycles were: de-
naturation step at 94°C for 1 min, annealing step at
60°C for 1 min and primer extension step at 72°C for
1 min and 40 s.

An aliquot of the amplification products was size-
fractioned by agarose gel electrophoresis, stained with
ethidium bromide and photographed.

To verify the specificity of the amplification prod-
ucts hybridizations with 32P (Amersham, Little Chal-
font, UK) were performed. The nucleotide sequences
of the probes were: UGT1A1 probe 5% TATCATT-
GTCTGTACTCAAAGTATGAGATC 3% (location
661–691), UGT1A2 probe 5% CTATCTTGAAACT-
CACAGATACCATGACTT 3% (location 581–610),
UGT1B1 probe 5% AACTGCCTTCAGAAAAAAGC-
CCTATCCCAG 3% (location 841–871).

Fig. 1. Kinetics of reverse transcriptase-polymerase chain reaction
(RT-PCR) of amplification of UGT1A2 transcripts and human b-
actin. Top, UGT1A2 and b-actin transcripts in 2% agarose gel.
Bottom, densitometric quantification of the bands from the agarose
gel. Amplification was stopped after 23, 25, 28, 31, 35, or 38 cycles
for b-actin, and after 28, 31, 35, 38, 40, or 43 cycles for UGT1A2.
Similar results were obtained for UGT1A1 and UGT1B1.
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Fig. 2. Expression of uridine diphosphoglucuronosyltransferase
(UGT) isoforms and b-actin evaluated by reverse transcriptase-poly-
merase chain reaction (RT-PCR) in liver, kidney and brain (panel A),
and testis (panel B) from two different rats (M=FX 174 DNA
HaeIII digested).

b-actin expression levels in the corresponding sample,
determining the UGTs/b-actin ratio. Finally, the mod-
ifications in UGTs expression levels comparing the
UGTs/b-actin ratio intensity among the different exper-
imental conditions were evaluated.

A statistical analysis of UGTs expression was per-
formed using Anova and Tukey studentized range
method (BMDP statistical software, Release 7.0).

3. Results

3.1. Expression of UGT1A1, UGT1A2, UGT1B1 in
different rat tissues

The mRNA expression of three different UGT1 iso-
forms was evaluated in liver, brain, kidney, and testis of
adult Sprague–Dawley rats. The expression was ana-
lyzed using RT-PCR with a set of primers specific for
each UGT1 first exon, the other exons being the same
for all UGT1 isoforms. The specificity of the amplified
products was verified by direct sequencing and South-
ern blot hybridization. Constitutive expression of
UGT1 isoforms was found in all examined tissues.
However, in these experiments a lower expression of
UGT1A1 was observed in all tissues. Furthermore, the
expression of UGT1B1 was higher in liver and kidney
compared to brain and testis, whereas UGT1A2 was
the most expressed enzyme in testis as well as in brain
(Fig. 2).

3.2. Basal and hormonal regulated UGT1A1, UGT1A2,
UGT1B1 mRNA expression in Sertoli and peritubular
myoid cells

Sertoli and peritubular myoid cells were obtained
from 20-day-old rats. UGT1A1, UGT1A2, UGT1B1
mRNA expression was detected in basal conditions
both in Sertoli and peritubular myoid cells. Then, UGT
isoforms expression was evaluated in Sertoli and per-
itubular cell cultures treated with 100 ng/ml FSH and 1
mM testosterone for 24 h. The levels of UGTs mRNA
expression was modified by the administration of spe-
cific hormonal stimuli (Table 1). In the presence of
FSH, Sertoli cells showed an increase in UGT1B1
mRNA expression, whereas the transcriptional levels of
UGT1A1 and UGT2A2 resulted unmodified (Fig. 3).
Testosterone administration to Sertoli cells induced a
slight increase of UGT1A1 and UGT1B1 mRNA levels
while no difference was detected for UGT1A2
expression.

Changes in UGT1A1 and UGT1B1 mRNA expres-
sion became detectable during stimulation of peritubu-
lar myoid cells with testosterone. In fact, UGT1A1
mRNA expression was increased, while a decrease of
UGT1B1 mRNA level was observed. No modification
of UGT1A2 mRNA level was detected (Fig. 3).

The size of the amplified products were 270, 341, 204,
354 bp for UGT1A1, UGT1A2, UGT1B1 and b-actin,
respectively.

Furthemore, the identity of the PCR products was
verified by direct sequencing.

In order to semi-quantitatively evaluate the amounts
of the amplification products a densitometric quantifi-
cation of the bands from the agarose gel by a densito-
metric scanner (UMAX) was performed. Values
obtained for each UGT isoform were then related to
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3.3. Effect of hypoxia on UGT isoform mRNAs
expression in Sertoli and peritubular myoid cells

UGT1A1, UGT1A2, UGT1B1 mRNA expression in
Sertoli and peritubular myoid cells was evaluated after
exposure of primary cultures to premixed gases con-
taining 1% O2, 5% CO2, balance N2 for 24 h. A general
tendency to a decrease of UGT isoform mRNA levels
was observed after hypoxic exposure. Particularly, Ser-
toli cells showed a prevalent reduction in UGT1A2
mRNA expression, while UGT1B1 isoform was the
most inhibited in peritubular myoid cells (Fig. 3) (Table
1).

4. Discussion

The results, in agreement with previous reports show-
ing testis as a considerable site of expression of UGT
isoforms, demonstrate that UGT1A1, UGT1A2, and
UGT1B1 are constitutively expressed in the male rat
gonad. Furthermore, among UGT isoforms studied,
UGT1A2 is the most expressed in rat testis as well as in
brain.

Although the regulation of UGTs by endocrine sub-
stances has been less extensively studied than the modu-
latory effect of xenobiotic compounds, some authors
have demonstrated that hormones differentially regu-

Table 1
Uridine diphosphoglucuronosyltransferase (UGT) and b-actin mRNA isoforms expression ratio evaluated by densitometric analysis of reverse
transcriptase-polymerase chain reaction (RT-PCR) products in rat Sertoli and Peritubular myoid cellsa

UGT1B1/b-actinCells UGT1A1/b-actin UGT1A2/b-actin

0.4390.07Sertoli 0.3890.07 0.4690.07
0.2790.06*Sertoli hypoxia 0.2490.06**0.3190.09**

0.7790.07**Sertoli+FSH 0.3890.08 (n.s.) 0.4590.07 (n.s.)
0.5990.08**Sertoli+testosterone 0.5090.10* 0.4890.06 (n.s.)

0.4490.060.4390.07Peritubular 0.5390.06
0.4790.08 (n.s.)Peritubular hypoxia 0.3390.06**0.3790.10**

0.2890.07**Peritubular+testosterone 0.5890.07** 0.4090.06 (n.s.)

a The results are the mean of three independent experiments, each one in triplicate (x9s). Statistical analysis was performed by Anova and
Tukey studentized range method (BMDP statistical software, Release 7.0). n.s., not significant.

* PB0.05.
** PB0.01.

Fig. 3. Reverse transcriptase-polymerase chain reaction (RT-PCR) analysis of UGT1B1, UGT1A1, UGT1A2 and b-actin gene expression in
Sertoli and peritubular myoid cells. Sertoli and peritubular cells are shown in cultural basal condition, in hypoxic condition, and after hormonal
stimulation (M=FX 174 DNA HaeIII digested).
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late the expression of several UGT isoforms. In fact,
recent studies showed a feedback regulation of UGT1
family by iodothyronines in response to metabolic
changes in thyroid status [19,20]. Sex hormones differen-
tially regulate UGT1 and UGT2 isoforms. Marked
differences in liver UGT isoforms levels have been
detected between male and female rats with significant
alterations after gonadectomy and hormonal replace-
ment [21]; moreover progesterone and oestradiol up
regulate, together with hCG, the level of phenol UGT in
rat ovary [22]. Glucocorticoids are able to stimulate
UGTs expression and activity [23]. Finally, besides hCG,
hypophyseal hormones such as growth hormone modify
UGTs expression [24]. These reports prompted us to
investigate whether the UGT1A1, UGT1A2, and
UGT1B1 gene expression is under hormonal control.
mRNA levels of these isoforms where evaluated in basal
condition, and after hormonal treatment with FSH and
testosterone in rat primary cultures of Sertoli and per-
itubular myoid cells. Activity of both cell types is
dependent on hypophyseal hormones: FSH modulates
Sertoli cells in a direct manner, while LH regulates
peritubular myoid cell function through testosterone
production by Leydig cells. The experiments showed that
UGT transcripts are constitutively expressed in Sertoli
and peritubular myoid cells and that hormonal treatment
can modify those levels. Testosterone and FSH treat-
ment upregulates the UGTB1 expression in Sertoli cells,
while the same gene is downregulated by testosterone
treatment in peritubular myoid cells. The UGT1A1 and
UGT1A2 expression is not significantly affected by FSH
treatment, while testosterone modifies the UGT1A1
expression both in Sertoli and peritubular myoid cells.
UGT1A2 was not affected by hormonal treatment.

As previously shown, hypoxia reduces the ability of
cells to tolerate damage from reactive species increasing
their susceptibility to injury. Some reports have de-
scribed a negative effect of hypoxia on UGTs activity
[25,26] without exploring any potential effect at tran-
scriptional level. The results show that hypoxic condi-
tions decrease the UGT1B1 and UGT1A2 mRNA levels
either in Sertoli and peritubular cells. On the other hand,
hypoxia does not affect or slightly modifies the UGTIA1
expression in peritubular and Sertoli cells, respectively.
In view of these results, it can be hypothesized that
pathologic conditions like varicocele, thickness of tubu-
lar basal membrane, damage of periferic circulation,
inducing a decrease in oxygen tension in testis can
modify the UGTs expression and therefore reduce the
ability of such enzymes to inactivate potential damaging
substances.

The results, suggest that rat UGT1 genes can be
individually regulated in testis by hormonal and environ-
mental factors, i.e. hypoxic conditions.

These preliminary data lead to the speculation that
alterations in UGTs expression and/or activity due to

toxic environmental exposure may be involved in the
pathogenetic mechanisms responsible for testis injury.
Further studies would be required to better understand
the potential role of UGT enzyme in testis pathology.
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