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Previously, we have identified 200 cDNA fragments
s antidepressant related genes/ESTs. In this study,
sing these cDNAs, we developed our original cDNA
icroarray for rapid secondary screening of candi-

ate genes as the novel therapeutic targets. With this
icroarray, we found that the expression of a novel

ene, ADRG34, was significantly increased in rat hip-
ocampus which had been chronically treated with a
elective serotonin reuptake inhibitor antidepressant,
ertraline. RT-PCR analysis also demonstrated the in-
uction of ADRG34 at mRNA levels in rat hippocam-
us and the frontal cortex. This cDNA encoded 685
mino acid residues containing a RING-H2 finger mo-
if at the carboxy-terminal. Sequence analysis of
DRG34 with the EMBL/GenBank database showed
ignificant homology to mouse and human kf-1 gene.
ur data suggest that ADRG34, a possible rat homo-

ogue of kf-1, may be one of the common functional
olecules induced after chronic antidepressant treat-
ent. © 2000 Academic Press

Key Words: SSRI; sertraline; depression; cDNA mi-
roarray; differential display PCR.

Antidepressants have been used clinically since
950’s. It has been demonstrated that many antide-
ressants acutely inhibit monoamine transporters, re-
ulting in significant increase in synaptic concentra-
ions of monoamines, noradrenaline or serotonin.
owever, there is a latency period of several weeks
efore the onset of clinical effect of antidepressants.
yman and Nestler proposed a paradigm, initiation

The GenBank accession number for the nucleotide sequence is
F306394.
150006-291X/00 $35.00
opyright © 2000 by Academic Press
ll rights of reproduction in any form reserved.
rug-induced neural plasticity that underlies the
ong-term actions of antidepressants in the brain (1).
owever, the detailed mechanisms underlying drug-

nduced adaptive neuronal changes are not known. The
herapeutic action of antidepressants could be the re-
ults of indirect regulation of other neuronal signal
ransduction systems or their changes at the molecular
evel by an action on gene transcription induced after
hronic treatment. Indeed, there are selective effects of
ntidepressants on specific immediate early genes and
ranscription factors including, c-fos (2, 3), zif268 (2),
GFI-A (4, 5), Arc: activity regulated cytoskeleton as-

ociated protein (6) and the phosphorylation of CRE
inding protein (7). These molecules would be impor-
ant for adaptive neuronal changes after chronic anti-
epressant treatment. Previously, region specific effect
f chronic antidepressant treatment on the DNA-
inding activities for CRE-, SP1-, and GRE-binding
lements were reported in rat hippocampus and frontal
ortex (8). Alterations in functional proteins that are
elated to the neural plasticity, PKC and GAP-43, in
he brain of depressed suicide victims are also reported
9). Together, these data may demonstrate the possible
ole of changes in gene expression in the mechanism of
ntidepressant action.
Recent developments in molecular neurobiology pro-

ide new conceptual and experimental tools for under-
tanding the mechanisms by which antidepressant
roduce long lasting alterations in brain function. With
NA fingerprinting technique, a modified differential
isplay PCR, we had been continuing our effort to
lucidate the involvement of some common biochemical
hanges induced after chronic treatment with two dif-
erent classes of antidepressants, imipramine (a tricy-
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lic antidepressant) or sertraline (a serotonin selective
euptake inhibitor, SSRI). Until now, we have molec-
larly cloned 200 cDNA fragments as expressed se-
uence tags (ESTs), which we named them antidepres-
ant related genes, ADRG1-200. One of the ADRG
enes was identified as HSC49, a novel splice variant
f HSC70 by our group previously (10). More recently
ntroduced technique, cDNA microarray, is an efficient

ethod to perform large-scale coordinate monitoring of
ene expression during different functional states in
ormal and diseased samples, or in control and treated
nimals. In addition to the gene expression monitoring,
DNA microarray can be used for gene discovery by

FIG. 1. The pseudo-color image of ADRG microarray after h
DRG1-96 (top) and the analyzed data using ImaGene software (bo

green) and sertraline group (red) were overlapped. The spot with t
ere relatively low, the fluorescence intensities for ADRG34 were 3
151
robing enriched libraries derived from the experi-
ents with differential cloning techniques. In this

tudy, to find molecular machineries which is respon-
ible for the therapeutic action of antidepressant, we
eveloped our original cDNA microarray (ADRG mi-
roarray) using ADRG genes derived from our previous
xperiments with RNA fingerprinting.
By gene expression analysis using ADRG microarray

nd fluorescence-labeled probes, we identified several
nteresting candidate genes and ESTs. One of the spot,
DRG34, was significantly increased in sertraline

reated rat hippocampus on the ADRG microarray.
omology analysis of ADRG34 with the EMBL/

idization with fluorescence probes. Ninety-six spots representing
m) are shown here. The pseudo-color images of control group data
blue rectangle represents ADRG34. Although the expression levels
times increased in sertraline group when compared to controls.
ybr
tto

he
.91
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eneBank database showed significant matches to
ouse and human kf-1 gene (11). Kf-1 was originally

dentified as the gene whose expression has been aug-
ented in the cerebral cortex of a sporadic Alzheimer’s

isease patient (11). Here, we first report the induction
f a newly cloned gene, ADRG34, after chronic antide-
ressant treatment in rat brain.

ATERIALS AND METHODS

Experimental animals. Male Sprague-Dawley rats (age 7–10
eeks, Sankyo Labo Service Co., Tokyo, Japan) were housed in a

emperature controlled environment with 12 h light/12 h dark cycle
ith free access to food and water. Rats were randomly separated

nto control and treated groups. Experimental animals for chronic
reatment of antidepressants received either vehicle for 21 days, 5
g/kg of imipramine (Sigma Chemical Co., St. Louis, MO) or sertra-

ine (Pfizer Pharmaceuticals Inc., NY), dissolved in 1.5% tween 80,
y daily intraperitoneal injection. Six rats were used for each treat-
ent group. Animals were killed by decapitation, and brain was

uickly removed, dissected and then frozen in liquid nitrogen imme-
iately and stored at 280°C until use. All studies using animals were
arried out in accordance with animal protocols approved by the
ational Institutes of Health.

RNA fingerprinting. RNA fingerprinting was done as described
y our group previously (10). Total RNA from rat frontal cortex was
xtracted by Isogen reagent (Nippon Gene Co., Tokyo, Japan) follow-
ng the manufacturer’s instruction. Isolated total RNA was then dis-
olved in RNase-free water and the concentration was estimated by
V spectrometry. Total RNA samples were treated with RNase-free
Nase I for 30 min at 37°C, purified by phenol-chloroform extraction,
nd used for RNA fingerprinting. RNA fingerprinting study was then
arried out in the presence of [33P]dATP (Life Science Products, Inc.,
oston, MA) using mRNA fingerprinting kit (Clontech, Palo Alto,
A) following the manufacturer’s instructions. Radio-labeled PCR
roducts were then analyzed by electrophoresis on denaturing 6%
olyacrylamide gels. Three individual samples of each treatment
ere applied side-by-side and visualized by autoradiogram.

Subcloning and sequence analysis. The bands of our interest
ere cut out from dried gel and the cDNA fragments were extracted,
nd then reamplified by the same primer set used for RNA finger-
rinting. The PCR conditions were 94°C for 3 min followed by 40
ycles of 94°C denaturing for 30 s, 60°C annealing for 1 min, and
2°C extension for 1 min. Reamplified product was ligated into pCR
I-TOPO vector (Invitrogen, Carlsbad, CA) and transformed into
ompetent TOP 10F’ Escherichia coli cells (Invitrogen, Carlsbad,
A). Sequence analysis was performed by dideoxy sequencing meth-
ds. Homology search and sequence alignment was done using the
ASTA search servers at the National Center for Biotechnology
nformation. Additional cDNA sequence information of 59 and 39 end

The Expression of kf-1 after Chronic
Antidepressant Treatments

Brain region Control Imipramine Sertraline

ippocampus 100 6 3.7 204.0 6 20.8* 173.4 6 13.6*
rontal cortex 100 6 9.3 165.6 6 9.9* 182.2 6 8.8*
ypothalamus 100 6 18.8 112.9 6 8.9 129.2 6 14.6

Note. Data are expressed as % of the control data (means 6 SEM)
f five independent experiments.
* P , 0.05, Student’s t test.
152
nds PCR) using primer sequences derived from RNA fingerprinting.

Fabrication of cDNA microarray and fluorescence image analysis.
o develop ADRG microarray for the secondary screening of candi-
ate genes, each of the ADRG 1–200 cDNA inserts were amplified by
ector primers and spotted in duplicated on the glass slide using
MS417 Arrayer (Genetic MicroSystems Inc., Woburn, MA) with the
odified method of Salunga (12). In addition, negative controls (a

lasmid vector DNA) and ten different kinds of positive controls, so
alled house keeping genes, were also spotted on the same glass slide
or normalization. To make the fluorescence-labeled probe for hybrid-
zation, total RNA samples obtained from rat hippocampus from
ontrol or sertraline group was extracted by Isogen reagent (Nippon
ene Co., Tokyo, Japan) following the manufacturer’s instruction.
hen, three independent total RNA samples from each group were
ooled and used for the next procedure. Poly A1 RNA was then
urified from pooled total RNA with oligo-dT columns (Takara, To-
yo, Japan). One microgram of poly A1 RNA from control or sertra-
ine samples was converted to cDNA in the presence of Cy-5 or
y-3-dUTP respectively to make fluorescence-labeled probes. Hy-
ridization of probes to microarray was done competitively. The
robes were mixed and placed on an array, overlaid with coverslip,
nd hybridized for 16.5 h at 65°C. After hybridization and washing
rocedure, each slide was scanned with GMS418 Array Scanner
Genetic MicroSystems Inc., Woburn, MA). Then, gene expression
evels were quantified and analyzed using ImaGene software (Bio-
iscovery Ltd. Swansea, UK).

Northern blot analysis. Complimentary DNA fragment of
DRG34 obtained from RNA fingerprinting was cut out from PCR

I-TOPO vector and labeled with [a-32P]dCTP, and then used as a
robe. Rat multiple tissue Northern blot nylon membrane (Clontech,
alo Alto, CA) was used for the experiment. Hybridization procedure
as carried out following the manufacturer’s instructions. After the
ybridization, the membrane was exposed to X-ray firm for 24 h.

Messenger RNA expression analysis with RT-PCR. The first
trand cDNA was synthesized with reverse transcriptase and 1 mM
f oligo-dT primer, from 2 mg of total RNA samples treated with
Nase-free DNase I, and diluted to a final volume of 100 mL. One
icroliter of each cDNA sample was added to 24 mL of PCR reac-

ion mixture containing 0.5 mM of a pair of primers for ADRG34,
9-GGAATACGGACAGGACTTTC-39 and 59-TCCGAGAAGCTGCA-
GGGC-39 (Amersham Pharmacia Biotech, Tokyo, Japan). A pair of
rimers for glyceraldehyde-3-phosphate-dehydrogenase (GAPDH), a
ousekeeping gene, 59-TGAAGGTCGGTGTCAACGGATTTGGC-39
nd 59-CATGTAGGCCATGAGGTCCACCAC-39 were also used for
ormalization. To ensure the fidelity of this analysis, we assayed
everal cycles of PCR to determine the liner range for amplification
f PCR product in each region of the brain. Amplification of ADRG34
as performed as follows: 3 min at 94°C for initial denaturation, 25

ycles (hippocampus), 23 cycles (frontal cortex) or 26 cycles (hypo-
halamus) of 94°C denaturing for 30 s, 55°C annealing for 30 s, and
2°C extension for 1 min, followed by a final extension at 72°C for 7
in. Amplification of GAPDH was performed as follows: 3 min at

4°C for initial denaturation, 25 cycles (hippocampus), 16 cycles
frontal cortex) or 22 cycles (hypothalamus) of 94°C denaturing for
0 s, 55°C annealing for 30 s, and 72°C extension for 1 min, followed
y a final extension at 72°C for 7 min. The PCR products were
lectrophoresed in a 1% agarose gel containing SYBR green, a nu-
leic acid gel stain reagent GelStar (Takara, Tokyo, Japan). The
ptical density of the digitized image was quantified using a fluores-
ence image analyzer, FM-bio II (Hitachi, Tokyo, Japan).

ESULTS AND DISCUSSION

Identification of quantitative changes in gene ex-
ression that occur in the brain after chronic antide-
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ressant treatment can yield novel molecular mark-
rs that may be useful in the diagnosis and treat-
ent of major depression. Using differential cloning

trategy, we and other groups have reported the
solation of some genes that are differentially ex-

FIG. 2. Nucleotide sequence of ADRG34. The nucleotide positio
apitalized and underlined. The cDNA fragment obtained from RNA
153
ressed in the brain after chronic antidepressant treat-
ent (10, 13, 14).
In the present study, we identified several interest-

ng candidate genes and ESTs by gene expression anal-
sis using ADRG microarray and fluorescence-labeled

are numbered on the left. The open reading frame (783–2828) is
gerprinting (992–1528) is double underlined.
ns
fin
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robes. The pseudo-color image of ADRG microarray
fter hybridization is shown in Fig. 1. As expected, we
btained low background and consistent results in du-
licated experiments. After normalization with the sig-
als for both negative and positive controls, several
pots of our interest on the ADRG microarray showed
ncreased or decreased fluorescence intensities after
hronic sertraline treatment (data not shown). Inter-

FIG. 3. Alignment of the deduced amino acid sequence of ADRG
umbered on the right. The RING-H2 finger motif is double underli
154
stingly, although the expression levels were relatively
ow, the fluorescence intensities for a newly cloned
ene, ADRG34, was 3.91 times increased in sertraline
roup when compared to controls. The induction of
DRG34 after chronic antidepressant treatment was
lso confirmed by RT-PCR analysis. The reproducible
and corresponding to ADRG34 at the size of 199 bp
xisted on a gel. As shown in Table 1, we have demon-

and mouse and human kf-1 proteins. The amino acid positions are
.

34
ned
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trated that the treatment with imipramine or sertra-
ine induced the expression of ADRG34 at mRNA levels
n rat hippocampus (204 6 20.8% or 173.4 6 13.6%,
espectively) after normalization by GAPDH expres-
ion. The hippocampus is one of the several brain re-
ions that would be involved in the endocrine, emo-
ional, cognitive, and vegetative abnormalities found in
epressed patients. Interestingly, it is demonstrated
hat chronic stress causes atrophy of hippocampal neu-
ons and that the volume of hippocampus is decreased
n depressed patients (15, 16). Hippocampus has been
ssociated with learning and memory and therefore
he induction of ADRG34 could also be involved in
ome therapeutic effects on cognitive functions. Hip-
ocampus is also involved in feedback regulation of the
ypothalamus-pituitary-adrenal axis, and depression

s associated with dysfunction of this neuroendocrine
xis (17). However, the mRNA level of ADRG34 was
ot significantly changed in the hypothalamus (Table
). On the other hand, the expression of ADRG34 was
lso increased in antidepressant treated group in rat
rontal cortex (165.6 6 9.9% or 182.2 6 8.8%, respec-
ively). The frontal cortex is another region of the brain
hich is implicated in the pathophysiology of depres-

ion. In the frontal cortex, glucose metabolism, blood
ow, and electroencephalograph (EEG) activity are al-
ered in depressed patients (18). It is reported that
GFI-A mRNA expression was increased in the hip-

FIG. 4. The putative secondary structure of RING-H2 finger dom
nger motif of various proteins (B). Conserved cysteine and histidine
mino acid sequences of RING-H2 finger family proteins were obtain
oliath (M97204), mouse 43-kDa receptor-associated protein of syn
AJ010346). Boxes indicated the conserved cysteine and histidine re
155
ocampus and in the cerebral cortex after antidepres-
ant treatment (4, 5). Thus, NGFI-A may be a mediator
f ADRG34 induction after antidepressant treatments.
lthough it is possible that the therapeutic action on a
ingle brain region underlies antidepressant treat-
ent, it is also possible that pharmacological effects on
ultiple brain regions contribute the real therapeutic

ction of antidepressants. Studies to further character-
ze the neuronal circuitry of these brain regions will
elp elucidate the neuroanatomical substrates of anti-
epressive effects.
In this study, we have determined the nucleo-

ide sequence of the full length cDNA for ADRG34 (Fig.
). The 537-bp cDNA fragment originally obtained
rom RNA fingerprinting (992–1528) is double under-
ined. Additional cDNA sequence information of 59 and
9 end of ADRG34 was obtained by 39- and 59-RACE
CR. Northern blot analysis demonstrated the pres-
nce of a single transcript of about 3.5 kb in size for
RNA prepared from several rat tissue regions,
hich hybridized to the [32P]-labeled ADRG34 probe.
hese regions included brain, lung and kidney, liver
nd heart, but at much lower levels in spleen and
uscle (Fig. 5). The open reading frame (783–2828) is

ighlighted in Fig. 2. This cDNA encoded 685 amino
cid residues yielding a mass of 79 kDa, containing a
ING-H2 finger motif at the carboxy-terminus (Figs. 3
nd 4A).

n of ADRG34 (A) and predicted amino acid alignment of RING-H2
ING-H2 finger motif could bind to divalent metal (Me) ions (A). The

from EMBL/GenBank. Genbank accession numbers are Drosophila
e, RAPsyn (J03692), rat Neurodap1 (D32249), and human RNF6

ues of the RING-H2 finger motif (B).
ai
in R
ed
aps
sid
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Sequence analysis of ADRG34 with the EMBL/
enBank database showed very high homology (95.2
nd 81.9% at nucleotide levels and 98.5 and 95.5% at
educed amino acid levels, respectively) to mouse and
uman kf-1 gene (11). Alignment of the deduced amino
cid sequence of ADRG34 and mouse and human kf-1
roteins is shown in Fig. 3. Kf-1 was originally identi-
ed as the gene with RING-H2 finger motif whose
xpression have been augmented in the cerebral cortex
f a sporadic Alzheimer’s disease patient. Subse-
uently, mouse kf-1 was identified by the same group.
he RING-H2 finger motif of ADRG34 was identical to
hose of mouse and human kf-1 (Fig. 4B). RING-finger
otif is a subclass of zinc finger motif, found in the

equence of the human ring 1 gene (19). The RING-H2-
nger motif is closely related to the RING-finger motif,

n which the fourth cysteine is replaced by a histidine;
ys-X(2)-Cys-X(12-35)-Cys-X-His-X(2)-His-X(2)-Cys-
(8-39)-Cys-X(2)-Cys, where X refers to an arbitrary
mino acid residue (20). Amino acid sequence of the
arboxy-terminal region of Kf-1 was compared with
ther RING-H2 finger family proteins, Drosophila go-
iath (21), mouse 43-kDa receptor associated protein of
ynapse, RAPsyn (22), rat Neurodap1 (23) and human
NF6 (24) (Fig. 4B). The metal binding ligands were
erfectly matched between these family members. This
omparison indicated that the carboxy-terminal do-
ain of Kf-1 has the same structure as defined by the
ING-H2 finger motif. The various proteins with
ING-H2 finger motif shown in Fig. 4B have diverse

unctions. Goliath has been implicated to play a devel-
pmental role in mesoderm formation or differentia-
ion (21). RAPsyn was reported to be involved with the
lustering and aggregation of acetylcholine receptors
22). Neurodap1 has been shown to mediate synaptic
ommunication and plasticity through the control of
he formation of postsynaptic density for maintaining
ital functions of nerve cells (23). RNF6 was cloned and
apped close to the chromosome 13 breakpoint in a

ase of myelofibrosis with a t(4;13)(q26;q12) (24). The
recise physiological function of ADRG34 protein is as
et unclear, though current evidence suggests that it
ay be involved in protein-protein interactions and

lay a role in the assembly of large multiprotein com-
lex (25). On the other hand, we have previously re-
orted that the expression of 49 kDa of heat-shock
ognate protein (HSC49), a novel splice variant of

FIG. 5. Northern blot analysis of ADRG34 in rat tissues. Compli
as labeled with [a-32P]dCTP and used as a probe. Rat tissues (1, hea
y Northern blot. There is a single transcript of about 3.5 kb.
156
SC70, was increased by chronic antidepressant treat-
ent (10). Heat-shock protein family are a ubiquitous

nd abundant family of molecular chaperons involved
n a wide range of cellular processes, such as assembly/
isassembly of multimetric complexes (26), including
hose of the glucocorticoid receptor (27) and heat shock
ranscription factor (28). Although, the relationship
etween coordinated upregulation of HSC49 and
DRG34 by chronic antidepressant treatment is still
nclear, protein-protein interactions may be related to
he therapeutic action of antidepressant. Many of the
revious reports have focused on synaptic pharmacol-
gy, especially on neurotransmitter turnover and neu-
otransmitter receptors. To understand the therapeu-
ic actions of antidepressants, we must now extend its
fforts beyond the synapse, to an understanding of
ellular and molecular neurobiology as well as to a
etter understanding of the architecture and function
f neural systems.
In conclusion, we demonstrated here that ADRG34,
possible rat homologue of mouse and human kf-1, is

ne of the common functional molecules induced after
hronic antidepressant treatment, and may be associ-
ted with the mechanism of action of various antide-
ressant treatments in the alleviation of depression.
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