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Analysis of Responsive Genes of Murine Leydig
Cells by 2,3, 7,8—Tetrachlorodibenzo—p-dioxin
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We examined the effect of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) on changes in gene expression of
murine testicular Leydig TMS3 cells by a method of differential mRNA display based on a PCR technique.
Although no change in viable cell number was observed by TCDD at the concentration of 10 nM, Ah receptor
mRNA was down-regulated and CYP1A1 was induced in TM3 cells. One hundred and sixty-one PCR
products, differentially expressed in 29 agarose gel electrophoresis after PCR amplification, were detected.
Nine cDNAs were confirmed to be differentially expressed in Northern ELISA analysis. Two cDNAs were
cloned and sequenced. One was identical to Homo sapiens Nedd-4-like ubiquitin-protein ligase WWP2 (WW
domain-containing protein), which is associated with the ubiquitin proteolytic process. TCDD decreased
expression of WWP2, which might cause the suppression of proteolytic process. The other was identical to
the mouse expressed sequence tag. The function of this gene was not known. These genes might provide
information for understanding TCDD-induced toxicity or biological responses.
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INTRODUCTION

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD),
the most toxic man-made chemical, is released
into the environment as a contaminant of herbi-
cides or as a by-product of bleaching paper pulp,
and incineration of waste."? It causes a diverse
spectrum of biochemical and toxic responses in
many animal species. Some of these responses
include carcinogenesis,®® hepatic toxicity,’—®
diverse endocrine effects? 'V and reproductive
toxicity.'” TCDD, when given in overtly toxic
doses, adversely affects the male reproductive
system in laboratory animals. It decreases testis
and accessory sex organ weights, alters tes-
ticular morphology, decreases spermatogenesis
and plasma androgen concentrations, and
inhibits testicular steroidogenesis.? Exposure to
TCDD reduces the total Leydig cell volume in the
testis of rats.!*!¥ This is explained by the reduced
number and size of individual Leydig cells.!3

*To whom correspondence should be addressed : Depart-
ment of Hygiene Chemistry, Faculty of Pharmaceutical
Sciences, Science University of Tokyo, 12 Ichigaya-
Funagawara-machi, Shinjuku-ku, Tokyo 162--0826, J apan.
Tel.: +81-3-3260-6725 ext.5076; Fax : +81-3-3260-5856 ;
E-mail ; takeda @ps.kagu.sut.ac.jp

TCDD induces the so-called Ah gene battery
of drug-metabolizing enzymes which includes
CYP1A1 and CYP1A2.151® TCDD-induced biolog-
ical effects are thought to be induced through the
Ah receptors.'® However, induction of neither
CYPI1AIL nor any other TCDD-inducible genes
identified to date has been causally linked to a
toxic endopoint of TCDD-exposure. Therefore,
we attempted to examine the effect of TCDD on
the gene expression of testicular cells. A PCR-
based technique termed a differential mRNA
display is a unique and powerful tool for the
identification of genes expressed differently
among various tissues or cell lines.'® Using a
differential mRNA display method, we isolated
two genes that were down-regulated by TCDD in
murine testicular Leydig TM3 cells.

MATERIALS AND METHODS

Cell Culture —— The mouse testis Leydig cell line
TM3 was purchased from American Type Culture
Collection. The cells were cultured in DMEM/F12
(GIBCO BRL, New York, U.S.A)) supplemented with
5% horse serum (Nacalai, Kyoto, Japan) and 2.5%
fetal bovine serum (JRH Biosciences, Kansas, U.S.A.).



54

Vol. 45 (1999)

Cells were maintained at 37°C in 5% CO, atmosphere.
TM3 cells in the exponential growth phase were
treated with Ca**- and Mg?*-free phosphate-buffered
saline (PBS) containing 0.25% trypsin and 1mM
EDTA to detach them from the surface of the tissue
culture dishes. They were plated at a concentration of
3% 10° cells/ml into tissue culture dishes.
Preparation of TCDD —— Cells were treated with
10 nM TCDD (Wellington Lab, Ontario, Canada) dis-
solved in dimethyl sulfoxide (DMSO), whereas control
cultures received solvent only, not exceeding a final
concentration of 0.1%.
Measurement of Viable Cell Number and LDH
Release —— The cells were seeded at a density of 3X
105 cells/well in microtiter plates in 0.1 ml of F12/
DMEM medium. After 16 h, the medium was replaced
with TCDD which contained medium. After incuba-
tion for an additional 1, 3, and 48 hours, the viable cell
number was measured using the WST-1 kit (Dojin
Lab, Japan) at 450 nm by microplate reader (Bio-Rad,
Model 550). LDH activity was measured using the
LDH release activity kit (Wako Co., Japan) at 595 nm
by microplate reader.
Preparation of Cell Homogenates —— TM3 cells in
monolayer were rinsed with PBS and were collected
by scraping into 10 ml PBS with a rubber policeman.
Total RNA was isolated using NP-40 and phenol
extraction as described previously.'”
Arbitrary Primed PCR Fingerprinting of RNA —
Messenger RNA was obtained using Oligotex-dT30
(Super) (Takara Co., Shiga, Japan) according to the
instructions, and cDNA was synthesized using M-
MLV reverse transcriptase (GIBCO BRL) with hexa-
deoxyribonucleotide mixture random primer (Takara
Co.) according to the instructions. Second-strand
cDNA synthesis was also initiated by arbitrary prim-
ing using the 9 denominate deoxyoligonucleotides
(10-mer, see Table 1) and 2 randomly chosen species
were used as sense and antisense primer. Amplifica-
tion of ¢cDNA was performed by RNA arbitrarily
primed polymerase chain reaction (RAP-PCR) using
ASTEC (Program Temp Control System PC-700; 45
cycles: 95°C for 25 s, 32°C for 1 min, and 72°C for 30
s and an additional 7-min final extension at 72°C) with
two deoxyoligonucleotide primers with a defined, but
arbitrary sequence (Table 1). After the PCR amplifi-
cation, the samples were run on a 2% agarose gel in
Tris-acetate-EDTA (TAE) buffer at 50 V for approxi-
mately 70 min and stained with ethidium bromide.
The amplification cDNA bands that were differential-
ly expressed were located and cut, then the cut gel
was incubated in 100 1 Tris-ETDA (TE) buffer (pH

Table1l. Primer for RAP-PCR

Sequence mer Tm

BS-52  5-CAAGCGAGGT-3* 10 32
BS54  5-AACGCGCAAC-3* 10 32
BS-55  5-GTGGAAGCGT-3* 10 32
BS-57 5-GGAAGCAGCT-3* 10 32
BS-58  5-CAGTGAGCGT-3* 10 32
BS-70  5-GAGCTATGGC-3* 10 32
BS-73 5-AGCCTGTGTC-3" 10 32
BS-76  5-CTGGTCACAC-3* 10 32
BS-78  5-CACAGTGAGC-3* 10 32
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8.0) for several minutes at room temperature. An
eluted cDNA (2 xl) was reamplified in 50 g1, using the
same set of primers and same PCR conditions. The
PCR products were then analyzed on a 2% agarose
gel electrophoresis.

Northern ELISA —— To prepare each Digoxigenin
(DIG) probe used in Northern ELISA, the DNA from
the gel pieces was isolated by heating the gel at 65C
for about 5 min and adding 10 xl of TE buffer (pH
8.0). TE solution containing DNA extract was prepar-
ed by PCR, using a PCR DIG probe synthesis kit
(Boehringer Mannheim GmbH, Mannheim, Germany)
with the same primers as for the first PCR amplifica-
tion. Northern ELISA analysis was performed using
the Northern ELISA kit (Boehringer Mannheim
GmbH) according to the manufacturers’ instructions.
Cloning and DNA Sequencing —— The reamplified .
¢DNA was purified by a Sephaglas BandPrep Kit
(Pharmacia Biotech, U.S.A.) from the 2% gel. The
product was cloned into pCR2.1 provided by
Invitrogen (San Diego, U.S.A.). For each of the RAP-
PCR products, several independently isolated clones
were sequenced using the Thermo Sequenase
fluorescent-labelled primer cycle sequencing kit
(Amersham, Buckinghamshire, UK.

Northern Blot Analysis —— The cells were treated
with 10 nM TCDD for different incubation times and
mRNA was isolated. Six xg of mRNA was run on an
19 agarose-formaldehyde gel and transferred onto a
nylon membrane (Boehringer Mannheim GmbH). The
membranes were prehybridized, then hybridized
according to the manufacturer’s protocol. To prepare
each DIG probe used in Northern blot analysis, the
template DNA from the cloning plasmid was prepar-
ed by PCR (PCR Thermal Cycler MP TP3000, Takara
Co.; 30 cycles: 95C for 10 s, 60C for 30 s, and 72°C
for 2 min, from 11 cycle elongation of 20 s for each
cycle, and an additional 7 min extension at 727C),
using the PCR DIG probe synthesis kit. After amplifi-
cation, the products were analyzed by a 2% agarose
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gel electrophoresis. Using the PCR product as a
Northern ELISA probe, a specific band was visible
after ethidium bromide staining. Washed membranes
were detected by CSPD® (Boehringer Mannheim
GmbH) chemiluminescence for approximately 30 min
at room temperature.

RESULTS AND DISCUSSION

Cytotoxicity of TCDD on TM3 Cells

Dose-dependent effects of TCDD on the
viable cell number and the LDH release in the
medium of murine testicular Leydig TM3 cells
were examined. No particular change in viable
cell number or LDH release was observed for 48
h up to the concentration of 30 nm that we
examined (Fig. 1).

Expression of CYP1A1 and Ah Receptor
mRNAs

Although CYP1A1 was not detected in TM3
cells, it was significantly induced from 1 hour
after the addition of 10 nm TCDD (Fig. 2). Expres-
sion of CYP1A1 mRNA was increased in propor-
tion to the incubation time. As shown in F ig. 2,
Ah receptor mRNA, constitutively expressed in
TM3 cells, was down-regulated by TCDD.
Expression of Ah receptor was decreased and
was undetectable at 3 h; however, it appeared
again at 48 h.

Gel Analysis of Differentially Displayed

mRNAs from TM3 Cells after TCDD Treatment

A typical differential display is shown in Fig.
3 using TM3 cells following treatment with
DMSO or 10 nm TCDD for 1, 3 and 48 h. RNA was
extracted from the cells and subjected to the
first-strand cDNA synthesis and RAP-PCR.
TCDD caused a differential display of a number
of genes that were displayed using a different set
of primers. A total of 36 combinations using two
arbitrary primers was analyzed. One hundred
and sixty-one PCR products, differentially ex-
pressed in 29§ agarose gel electrophoresis after
PCR amplification, were detected, and the indi-
vidual bands were cut out.

Northern ELISA Analysis and Northern Blot
Analysis

To confirm the expression patterns observed
in the differential display profiles, we detected 9
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Fig. 1. Dose-dependent Effects of TCDD on Viable Cell
Number and LDH Release in TM3 Cells

Cells were cultured with TCDD at the indicated concentrations
for 48 h. Viable cell number and LDH release were measured as
described in MATERIALS and METHODS. The solid line is the
viable cell number and broken line is activity of LDH released in the
medium. Each point is the mean+S.D. of three determinations.
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Fig. 2. Expression of Ah Receptor and CYP1A1 mRNAs
after Treatment of TCDD in TM3 Cells

mRNA from TMS3 cells treated with 10 nM TCDD for the indicat-
ed time was extracted for the RT-PCR method. The reaction was run
on a 2% agarose gel as déscribed in MATERIALS AND METHODS.
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Fig. 3. Gel Analysis of Differentially Displayed mRNA
from TM3 Cells after TCDD Treatment

Cells were cultured with 10 nm TCDD for 0, 1, 3 and 48 h, and
RNA was extracted. RNA was reverse transcribed using a set of
primers. The reaction was run on a 2% gel as described in MATE-
RIALS AND METHODS. The up- and down- primers used in lanes
1—4 were BS52 and BS54, lanes 5—8 were BS52 and BS55, lanes 9—
12 were BS52 and BS57. Arrows indicate TCDD-responsive “bands”.
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PCR products that were differently expressed in
Northern ELISA analysis. These 9 cDNAs were
cloned into the plasmid using the TA cloning kit
(Invitrogen). To confirm the “correct” expression
of mRNA, we examined the expression of the two
genes in different TCDD-treatment periods by
Northern blot analysis using DIG-PCR probe
from cloned cDNA (Fig. 4). Expression of the two
cDNA-clones was significantly changed by
TCDD treatment. The expression of DL35 mRNA
was significantly decreased in 1—48 h, and the
expression of DL85 mRNA was also decreased by
TCDD treatment.

Cloning and Sequencing of Two ¢DNAs

These two cDNAs were cloned and the plas-
mids containing inserts were used for the sequen-
cing. A search among the DNA sequences in the
EMBL database (Release 42.0), using the BLAST
and FASTA programs, revealed that DL35 was
identical to Homo sapiens Nedd-4-like ubiquitin-
protein ligase WWP2 (WW domain-containing
protein) (Fig.5). WWP2 may be associated with
the ubiquitin proteolytic process and/or cell
cycle. The WW domain has been reported in a
wide variety of proteins of Nedd-4, YAP, Repb,
Dmd, and FE65.2°20 Although the precise biologi-
cal function of the WW domain remains undeter-
mined, its presence in diverse proteins involved in
signaling, regulatory, and cytoskeletal functions,
as well as its rapidly emerging role in signaling
mechanisms that underlie several human diseases
clearly underscores its importance.?>?® If the
expression of WWP2 were decreased, the
proteolytic process of some proteins would be
suppressed.

DLS85 was identical to the sequence of DNA
fragments listed in the mouse expressed sequence
tag (EST). DL85 was identical to mouse EST
(Fig. 6). A search resulted in the finding that, the
sequence of this gene in the protein database,
using the Smith-Waterman algorithm DL85, was
identical to Caenorhabditis elegans cosmid
T03F6.29 C. elegans cosmid TO3F6 belongs to the
DnaJ domain protein superfamily. In this Dna]
superfamily, there are many genes such as mouse
CSP,2® Homo sapiens heat shock protein hsp40,?®
and heat shock protein - Helicobacter pylori.®
DL85, which has the DnaJ motif 11 (Fig. 7), may be
a new member of the DnaJ superfamily.

This study shows that the differential mRNA
display RAP-PCR method is a powerful tool for

DL35 —43%b
DL85 —38kb
B-actin

0o 1 3 48 (hour)

Fig. 4. Time-dependent Northern Blot Analysis of mRNA
from TCDD-treated TM3 Cells

The cells were treated with 10 nm TCDD for 1, 3, and 48 h.
Messenger RNAs from TMS3 cells after TCDD treatment were run on
a 19% agarose-formaldehyde gel and transferred to a nylon mem-
brane. The blot was probed with DIG-labelled c¢DNAs. The calcu-
lated size for the DL35 and DL85 was 4.3 and 3.8 kb, respectively.

DL35 1 AACGCGCAACTATGARCAGTOGCAGTCCCAGCERARCTAGETE 43
OV ERCLEECULELRTOTL TEELEL AT
WiP2 1177 CACCTGRCAGCRTCOGACCGCGGAGTACGTGCGCANCTATGAGCAGTGGCAGTCREAGCROARTCAEETC 1243

DLIT 44 CAGRGGGCCATACAGCACTTCAGCCAAAGATTCCTCTACCAGTCTTCGAGTGCTTCGACTGACCATEATC 113
I A T
WHPZ 1246 CAGGROGCCATGCAGCACTTCAGCCAAAGATTCCTATACCAGTTTTORAGTECTTCGACTEACCATEATC 1315

bL3s 114 CCTTGGRCCECCTCCOACCTERCTGOGAGANGAGGCABGACAATOGACGGRTATATTATGTCAACCACAA 183

POV FTE TR T TR 1 LT
WAP2 1316 CCCTGRRCCCCCTCOCTCCTOGTTGERAGAAAAGACAGGACANTGGACGBGTETATTACETEAACCATAA 1385

D35 184 CACTCGCACTAGCCAGTGOGAGGACACTCGRACCCAGRRGATGATACAGEAGCCARCCCTROCCECAGEE 253
CHETEE FEECELCELECT T E TP TR T ALy 1T
WEP2 1386 CACTCGCACGACCCAGTGEGAGGATCCOCRGACCCAGGGRATGATCCAGGAACCAGCTTTROCCCCAGEA 1435

DLI5 254 TGGGAGATGAAATACACCAGCGAGGGCGTROGGTACTTTGTGGACCACAATACCCRCACCACTACCTTTA 323
FCOLE PO TECCE L EECE TEEE FVEELEEETLL T L b
WHP2 1465 TGGGAGATGAAATACACCAGCGAGGRGETGCGATACTTTGTGGACCACAATACCCGEACCACCACETTTA 1525

BLIS 324 AGGATCCTCGCGCAGGETTCGAGTCAGGGACANAGCAAGGCTCACCTOGTGCCTATGACCORRGTTTTCG 193
POLTULE T PO CET T HEEETR L TELTL T A
WHPZ 1526 AGGATCCTCGCCCGRGGTTTGAGTCGERGACGAAGCAAGGTTCCCCTERTRCTTATRACCRCAGTTTTER 1583
D35 394 GTGGAAGTATCACCAGTTGCGTTTCOTCTGCCAGTCAAATGETCTACCCAGCCATGTEAAGATCAGCETT 453
PO ELCE T E T T EEEE S TTEEE L LEEEL T T
WHP2 1596 GTGGAAGTATCACCAGTTCCRTTTCCTCTGOCATTCARATECCCTACCTAGCCACRTGARGATCAGCETT 1635
L35 454 TCCAGRCAGACACTCTTTGAGGATTCTTTCCAACAGATTATGAACATRARACCTTACBACCTGC-COGCC 523
COLEPEETC TV EE L0 CULE LT TEEECALTE TR T T H
W§P2 1856 TCCAGRCAGACGCTITTCGAAGATTCCTTCCAACAGATCATGANCATGAAACCCTATGACCTGEGOCGEC 1728
D35 524 GGCTCTACATCATCATGCGTGOTGAGGAGGRCCTRGACTACGEORGCATCRECABAGAGTCRTTTTTCCT 593
O LT TEEECEEE UL ET T TEE L EE VLT T
WAP2 1726 GGCTTTACATCATCATGCGTGGCGAGGAGGECCTEGACTATGOCOGCATCECCAGARAGTAGTTTTTEET 1785
D35 584 CCTGTCCCATGAGGTGCTCANCCCTATGTACTRTTTGTTTGAATATECTGEGAAGAAAAATTACTECCTG £63
L O TE LT AL EE L TE T HT
WNP2 1196 CUTGTCTCACRAGETGCTCAACCCTATGTATTRTTTATTTEAATATGLCGGARAGMCAATTACTECCTE 1883
L35 664 CABATCAAGCCGGCCTCTTCCATCAACCCTRACCAGCTCACCTACTTGCGCTTTATCRORAGATTEATEG 133
T T T VTR LT b b
WKP2 1856 CAGATCAACCCCGECTCGTCCATCAACCCGGACCACCTCACCTACTTTCRCTTTATAGGCAGATTEATCR 1935
DL35 T34 CTATGRCTCTGTACCATGGGAAGTTCATCGACACAGGCT 782

R
WHP2 1935 CCATGRCGCTGTACCATGEAAAGTTCATCRACACGRGCTTCACCCTCCOTTTCTACARGEGBATGCTCAR 201

Fig. 5. Alignment of the DL35 and Homo sapiens Nedd-4-
like Ubiguitin-protein Ligase WWP2 mRNA

Identity is indicated by vertical lines { | ). The DL35 shares with
WWP2 mRNA a coding nucleotide sequence homology of 90%.

the temporal and spatial analysis of differential
gene expression, and is able to provide informa-
tion on the overall patterns of mRNA expression
under different exposure conditions. Seven other
genes are currently now under sequencing and
characterization in our laboratory.

Acknowledgements This work was support-




No.2

57

DL85 120 AATATCAAGATGACAGCTTAGATCTGCTTCATTATTTCAC 159

LT

EST 1 ATTATTTCAC 10
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