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ABSTRACT: Thyroid hormone (TH) is involved in the differentiation
and development of rat testis, whereas its role in adult testis function
is still undefined. The aim of our work has been to further analyze
the presence in the testis of rats of various ages of messenger RNA
(mRNA) coding the different TH receptor (TR) subtypes using a sen-
sitive assay, such as reverse transcriptase—polymerase chain re-
action (RT-PCR). To rule out the possibility of an “illegitimate tran-
scription,” we have analyzed both T,-binding capacity of adult rat
testis and the presence in the same organ of TR proteins by im-
munohistochemistry, using specific antibodies directed against the
various TR isoforms. Messenger RNA coding for TR a1 and «2 iso-
forms was clearly visible in gels prepared from RT-PCR samples
obtained from the testis of rats of all ages, including adults, whereas
mRNA for the TRB1-B2 was absent. The T, maximal binding capac-
ity (C,..) by nuclear extracts of testicular homogenates gradually
decreased from birth to adulthood, still remaining significantly de-
tectable in adult testis, and represented approximately 1% of the

C,..x Observed in the liver. The immunostaining technique revealed
an intense nuclear staining along the basement membrane of testic-
ular tubules prepared from rats of all ages and incubated with an
antipeptide antibody specific for TRal («1-403). Staining with an
antipeptide antibody specific for TRB1 (B-62) was never present. Our
data show that mRNAs coding for the functional TRa1, and also for
the still undefined a2, are present in the testis of rats of all ages. T,-
binding activity and immunohistochemical studies confirmed that the
message is translated into proteins. The transcriptional activity clear-
ly decreased from birth to adulthood, but it still remained significantly
present. The presence of a TRal message indicates that the adult
rat testis may be directly responsive to T, and, therefore, suggests
an action of TH on rat testis that is not only developmental, but also
metabolic.
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he relationship between thyroid and testicular func-1995). Recent data also suggest a regulatory role of TH

tion in the rat is still controversial. The testis was in the differentiation of Leydig cells in the neonatal rat
considered for years to be a thyroid hormone (TH)-un-estis (Mendis-Handagama et al, 1998).
responsive tissue (Barker and Klitgaard, 1952). However, The biological effects induced by TH are mediated by
various recent studies have shown that TH plays an imspecific nuclear receptors (TRs). Various subtypes of TRs
portant role in rat testis development. In fact, short-termhave been demonstratedi, «2, 31, andp2. The func-
experimental hyperthyroidism induces Sertoli cell differ-tional TRs areal, 1, and 2, the latter being mainly
entiation (Jannini et al, 1993), whereas neonatal transiemonfined to pituitary and hypothalamus. The ontogenetic
hypothyroidism causes a delayed differentiation of Sertolpattern of the expression of the various TR subtypes dur-
cells, an increase in their number, and thus, an increasag rat testis development was studied by Jannini et al
in the number of germ cells because the ratio of Sertol{1994) using an RNAse protection assay. Alphal messen-
cells/germ cells is constant (Van Haaster et al, 1992; Hesger RNA (mMRNA) expression was maximal during the
et al, 1993). The ultimate consequence of this conditiorperinatal period and subsequently declined until day 60,
is an enlargement of adult rat testis. A similar conditionwhen it was no longer detectable, showing a pattern of
has also been observed in human juvenile hypothyroidexpression parallel to that of the,-Bbinding capacity of
ism, supposedly for the same reasons (Jannini et ahuclear extracts (Jannini et al, 1990). Tdslemessage was
never detected, whereas th2 message was always pre-
sent from the perinatal period throughout adult life. Sim-
Partially financed by MURST and CNR grants. ilar results were obtained by Strait et al (1990). On the
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thorough analysis of published data, however, shows thdtable 1. Sequences of specific and common primers used in the
T.-binding capacity is not completely absent in adult ratRT-PCR experiments

testis, but in fact is present at the significant level of ap- TR Sequence (5’ - 3) Position

proximately 1% of that found in the liver (Oppenheimer ;1 CAG GCT CCC CCT CAC CAG CT 1776-1795
et al, 1974). Even Jannini et al (1994) have shown a weal2 GTG GAG CAG CTC CAG GAG ACG 1381-1402
band corresponding to the TR mRNA in Sertoli cell- B1 GCC TAA CAG GAA ACT GIC TTG G 1244-1265
enriched culture from adult rats using an RNAse protecommon AGG CTG CTG CAT GGA GAT CAT GIC  756-779t
tion assay. 8039261

The aim of our work has been to further ana|yze the *RT-P(_:R indicates reverse transcriptase—polymerase chain reaction;
presence in the testis of rats of various ages of mRNAT RT’ gg’sri(t’i'gnhi?]r?g”f recepior
coding the different TR subtypes using a more sensitive 1 Position in TR @ isoform.
assay, such as RT-PCR. To rule out the possibility of an
“lllegitimate transcription,” we have analyzed both,-T _
binding capacity of adult rat testis and the presence in th80 cycles. The size of the PCR products was analyzed by 2%
same organ of TR proteins by immunohistochemistry, us29arose gel electrophoresis stained with ethidium bromide. One

ing specific antibodies directed against the various TRet of humarg-actin primers was used as a positive control.

isoforms. Analysis of T,-Binding Capacity
The analysis of the binding of;Tto nuclear extracts from rat
Materials and Methods testes and liver of various ages was performed using the method
of Torresani and DeGroot (1975). Briefly, testes and liver were
Animals rapidly removed, weighed, and gently homogenized in 3—4 vol

i . ) . of 0.32 mM sucroset 2 mM MgCl, (0.32 SM) with a Teflon
Male Wistar rats were used in all experiments. The animals WerBestle in a glass homogenizer. The solution was washed twice
killed under ether anesthesia. Decapsulated testes were obtaingg centrifugation at 1000< g for 10 minutes. The pellet was
from 5-, 20-, 40-, and 60-day-old rats. The number of testes Useﬂesuspended with a solution of 2 M sucros@ mM MgCl, and
at each age was optimized to obtain sufficient tissue for RNAcentrifuged at 10000 g for 45 minutes and then submitted
isolation and T-binding analysis. to extraction conditions.

. Nuclear extracts were incubated in 0.3 mL of a buffer solution

RNA Isolation (20 mM Tris-HCI, 2 mM MgC}, 0.1 M NaCl, and 2 mM di-
Total RNA (tRNA) was prepared by using RNAzol (Cinna/Bio- thiothreitol) with 0.01 pmol?3-T, and increasing concentrations
tecx Laboratories, Houston, Tex) according to the manufacturer’sf cold T, for 3 hours at room temperature.
instructions. The concentration of the tRNAs and the efficacy of Protein-bound Twas isolated from unbound, By adding 0.3
the extractions were determined by optical density readings amL of a Dowex-1 (Ct, 1 X 8, 200—400 mesh) anion exchange
260 and 280 nm and verified by ethidium bromide staining. Onlyresin suspension to each test tube. After shaking for 10 minutes
RNAs showing 2 clear bands of 28S and 18S corresponding tat FC and then centrifuging, radioactive measurements were

ribosomal RNAs were selected for further studies. performed on aliquots of the supernatant. Specificbinding
refers to that inhibited by a 1000-fold molar excess of nonradio-

Reverse Transcription and Complementary DNA active T, in the incubation medium. All experiments were per-

Amplification formed in duplicate. Scatchard plot analysis was performed to

determine binding parameters (Knd G,.) by using the Ligand

Five micrograms of tRNA were mixed with g of random
oligonucleotide primers (Pharmacia, Piscataway, NJ) for 10 minProgram (developed by Munson and Rodbard). Results were ex-

utes at 65%C, and incubated with 1000 IU Moloney murine leu- pressed as b_Oth femtograms of Gound per 1onuclei and_as
kemia virus (M-MLV) RT (Promega, Madison, Wis) in the pres- ng/mg DNA, in or.d.er to compare them with thg data previously
ence of 1QuL deoxy-NTP (10 mmol/L each) for 1 hour at €2 reported by Jannini et al (1990) and Oppenheimer et al (1974),

Five microliters of the complementary DNA (cDNA) obtained respectively.
by RT were amplified by PCR in a thermal cycler (Mj Research . .
PTC-200; Pelfier Thermal Cycler, Genenco, Florence, Italy), em-/mmunOh/StOChemISUy
ploying 4 pairs of primers, 1 common and the other 3 specificRat testes were immediately removed, embedded in OTC, frozen
for al, a2 (anda3), andBl (andB2) TR isoforms (Life Tech- in liquid nitrogen, and stored at80°C. Six-micron-thick sec-
nologies, S Giuliano Milanese, Italy; Table 1). tions were cut with a cryostat and placed on glass slides. The
PCR reaction was carried out in a final volume of gD slides were fixed in Zambonis fixative (picric acid paraformal-
containing 25 pmol of each primer, 0.25 mM of each dNTP, 1.5dehyde solution buffered with phosphate) for 5 minutes at room
mM MgCl,, and 2.5 IU of Tag DNA polymerase (Promega). temperature. The slides were then washed in phosphate-buffered
The amplification profile involved denaturation at°G4for 1 saline (PBS) pH 7.3, incubated for 45 minutes with a blocking
minute, primer annealing at 82 for 1 minute, and extension at solution (PBS+ 1% bovine serum albumir 10% goat serum),
72C for 90 seconds. Amplification was allowed to proceed forand incubated for 2 hours with 2 antipeptide antibodies directed
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Table 2. T, binding studies on testicular homogenates from rats of
= 589bp various ages: evaluation of Cmax and Ka*
524bp -
Tissue Cmax Ka (10° M)
20-day-old-rat testis 0.0068t 3.22
1 2 3 4 5 6 7 _ 40.8%
) B o ] . ) 40-day-old-rat testis 0.0021% 5.23
Figure 1. Specific PCR amplification of the various TR isoform cDNAs in 12.6t
rat adult testis. The cDNA transcribed from total mMRNA was used for the : '
PCR amplification of TRs. Primers «1 and the common primer amplify 60-day-old-rat testis g.c5)0121‘ 351
rTRal (lane 7). Primers a2 and the common one amplify c-erb-A «2 and . St
o3 (lane 5). Primers B1 and the common one fail to amplify the corre- Rat liver 0.113f 5.95
sponding receptor (lane 3). Lanes 2, 4, and 6 represent the negative 680%

controls. The products correspond to the expected size. *T, indicates triiodothyronine; Cmax, maximal binding capacity; ka,

affinity constant.
T Cmax in nanograms of T, per milligram of DNA according to Oppen-

inst TRs and affinity-purified with c-Erb-dor B, diluted 1: ~ heimer etal (1974).
against s and affinity-purified with c-Erb-dor g, diluted ¥ Cmax in femtograms of T, per 10° nuclei according to Jannini et al

100 and 1:300 in 0.1% BSA-PBS. The antigen-antibody COM-1994).
plexes were visualized using a sensitive avidin-biotin-immuno-
peroxidase method (Vectastain ABC; Vector, Burlingame, Calif)

and 3,3-diaminobenzidine as substrate (Macchia et al, 1992). constant (Ka) was almost unchanged in rats of all ages
The antibodies used wesd -403 directed against the carboxy-

terminal portion specific for TRL and p-62, which reacts (Table 2).
against an epitope in the A/B domain specific for theIR Immunohistochemistry
Immunoglobulins from preimmune sera of the same rabbits use(p7

to raise antibodies were employed as negative controls. The pré-n€ immunostaining technique revealed an evident nu-
incubation of the antibodies with their respective peptides waglear staining in testicular tissue prepared from rats of all
carried out as a further control. The characterization of thes@ges and incubated with thel-403 antibody. Staining
antipeptide antibodies, competition studies, and immunoprecipwith 3-62 antibody was absent. Staining was also absent
itation analysis were reported previously (Macchia et al, 1990with preimmune sera and when the first antibody was
1992; Falcone et al, 1994). omitted, whereas it was barely visible when the antibodies
were preincubated with their respective peptides. Al-
though the cellular types stained were not clearly distin-
Results guishable because of the freezing procedure, nuclear
staining was nevertheless present in the basal compart-
TR mRNAs ment of the tubules, indicating the presence of TR in Ser-
To evaluate the expression pattern of TRs in the rat testitoli and germinal cells (Figure 2).
we performed an RT-PCR analysis on neonatal, prepu-
bertal, and adult tissue. Messenger RNA coding foeIR
isoform was clearly visible in gels prepared from RT-PCRDiScussion
samples obtained from the testis of rats of all ages, in-
cluding adults. The same band was obtained in liver, usef is well known that TH plays an important role in the
as a control tissue. The2 message was also expresseddevelopment and differentiation of most tissues. This role
in all tissues examined from rats of all ages. In contrasthas also been demonstrated in rat testis. In fact, transient
the 3 message was always absent in the testis, but presenypothyroidism in neonatal rats induces a proliferation of
in liver (data not shown). Figure 1 shows the results ob-Sertoli cells and delays their differentiation (Francavilla
tained in adult rat testis using specific primers for ratet al, 1991; Van Haaster et al, 1992; Hess et al, 1993). It
TRal, a2, a3, and TB1, and a primer common for all seems that a critical time window exists for TH to exert

the isoforms. its effects on testis development. TH action is supposed
. o to be mediated by specific TRs present in Sertoli cells,
Ts-Binding Activity whereas the nontubular fractions of rat testis are devoid

Nuclear extracts from rat testis homogenates were incusf any T,;-binding capacity (Jannini et al, 1990; Cooke et
bated with radioactive and cold,Tn order to evaluate al, 1991). These findings also seem to be confirmed in
the T; binding capacity. Our experiments show that thehumans, in whom juvenile transient hypothyroidism caus-
T, Chax DY nuclear extracts of testicular homogenates dees a testicular enlargement without an increase of andro-
creases consistently from birth to adulthood, still remaingyen production, due to the nonactivation of the Leydig
significantly detectable in adult testis, and represents agzells (Laron et al, 1970; reviewed by Jannini et al, 1995).
proximately 1% of that found in the liver. The affinity = Our data show that mMRNAs coding for the functional
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Figure 2. Nuclear TRal immunoreactivity in 60-day-old rat. The staining intensity is strong in the basal layer of tubular cells both in Sertoli cells and
spermatogonia.

TRal, and also for the orphan TR, are present in the TRal not only in Sertoli cells but also in spermatogonia.
testis of rats of all ages. inding activity and immu- Previous studies (Jannini et al, 1995) demonstrated an
nohistochemical studies confirmed that the message iscreased production of sperm in hypothyroid rats treated
translated into protein. The transcriptional activity clearlywith TH. In view of our data this phenomenon could now
decreases from birth to adulthood, but it still remains sig-be explained as being a direct effect of TH on the differ-
nificantly present. The presence of dZRmMRNA and pro- entiation of spermatogonia to initiate the maturative cy-
tein indicates that the adult rat testis may be directly re<le.
sponsive to T and, therefore, suggests an action of TH The very low T-binding capacity of nuclear extracts
on rat testis, which affects not only differentiation andfrom adult rat testis homogenates could be explained by
development, but also the metabolism of tubular cells. a progressive down-regulation of the expression of TRs,
Indeed, the presence of TRs, and therefore the direair by the fact that the tubular compartment constitutes
biological effects of TH in the adult female gonad, bothabout 80%—90% of the entire weight of rat testis, but
in humans and experimental animals, is well establishe&ertoli cells and spermatogonia represent just 10%—-20%
(Zhang et al, 1997). TH synergizes in vitro with both of the total number of tubular cells (Wing and Christen-
human chorionic gonadotropin (Goldman et al, 1993) angen, 1982).
follicle-stimulating hormone (Maruo et al, 1987) in stim- Even though TH has been shown to up-regulate the
ulating granulosa cells and estrogen production. postnatal Sertoli cell androgen receptor mRNA (Aram-
Similarly, we can hypothesize a modulating function of bepola et al, 1998), the absence of a direct action on Ley-
TH on the relationship between Sertoli cells and gerndig cells could explain why acute changes of circulating
cells. In fact, although detailed studies on adult SertoliTH fail to cause definite modifications of gonadal func-
cells have not been performed, TH has been shown tton in the adult. The bulk of our data seems to indicate
stimulate prepubertal Sertoli cells to uptake glucose (Ula direct action of TH only on spermatogenesis, which
isse et al, 1992) and to secrete substances such as lactapresents a slow and long process aimed at giving rise
which is essential for germ cell survival; and growth fac-to millions of mature spermatozoa (Wing and Christen-
tors, such as IGF-1, which stimulate DNA synthesis insen, 1982). Indeed, some reports have been published
mitotic germ cells (Palmero et al, 1990). The results ofconcerning the effects of long-term hyperthyroidism and
our immunohistochemical studies indicate the presence dfypothyroidism on spermatogenesis and fertility, but no
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well-defined controlled studies have yet addressed this of the thyroid hormone receptarl mRNA expression in rat testis.
question (Jannini et al, 1995). Mol Endocrinol. 1994;8:89-96. .

Recent studies on transgenic mice lacking eitheBTR Jannini EA, Ulisse S, D’Armiento M. Thyroid hormone and male gonadal

9 . 9 ) function. Endocr Rev. 1995;16:443-459.

or TRal (Forrest et al, 1996; Weiss e.t al, 1997; WIkstromaron z, Karp M, Dolberg L. Juvenile hypothyroidism with testicular
et al, 1998) have clearly shown a different effect of TH enlargementActa Paediatr Scand. 1970;59:317-322.
on the same tissues, depending on which type of TR i§lacchia E, Nakai A, Jeniga A, Sakurai A, Fisfalen ME, Gardner P, Sol-
present. In the Iight of our findings, both developing and tani K, DeGroot LJ. Characterization of site-specific prolonged anti-

dult rat testi t t hvsioloaical del bodies to c-erbA peptides recognizing human thyroid hormone recep-
aduft rat testis seem 1o represent a pnysiological mode tors al, 2, andB and native 3,5,3triiodo-thyronine receptor, and

of an organ devoid of the -lTRiSO_form in which TH may study of tissue distribution of the antigendocrinology. 1990;126:
act only on the genes responsive to the THeIR-om- 3232-3239.
plex. Macchia E, Falcone M, Giorgilli G, et al. Site-specific anti-c-erbA anti-

bodies recognizing native thyroid hormone receptors: their use to de-
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in rat liver. J Recept Res. 1992;12:201-215.
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