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Figure 6. Haplotype-based Ass(ociatiqn Study of ART3

The expectation-maximization (EM) algorithm [37] was used to infer ART3
haplotype frequencies with genotyping data of five tag SNPs, ART3-
SNP1, 5, 8, 23, 25, and 28 (see, Table 4). At the respective SNP sites, red.
and blue boxes represent minor and major alleles, respectively. :

doi:10.1371/journal.pgen.0040026.g006.
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protein expression among the three ART3 diplo-groups
carrying none, one, or two copies of haplotype H1.

Discussion

Genomic Analysis of NOA .

Our investigation was designed to clarify the pathogenesis
of NOA using global gene expression analyses of testis
samples from NOA patients and to identify genetic suscepti-
bilities underlying NOA from the genes differentially ex-
pressed. Large families with multiple generations having
NOA cannot be expected due ”tio;,(he nature of infertility; 50
linkage study is impractical for NOA and has not been,

reported. Alternatively, allelic association study is'a practical °

approach to identification of genetic susceptibility under-

lying NOA. Thus far, more than 80 genes have been identified

as essential for male infertility in humans and mice [3]). Genes
on the Y chromosome were emphasized because of observed
microdeletions in patients, and genes such as DAZ and HSFY
were examined for possible susceptibility genes [28,29].
Recently, homozygous mutation of the aurora kinase C gene
was identified in large-headed multiflagellar polyploid sper-
matozoa, a rare form of infertility, using homozygosity
mapping {30]. In the current study, we applied a novel
approach to identify common susceptibility geénes for NOA
by applying global gene expression analysis of NOA testes.
Based on the hypothesis that a common variant of a
susceptibility géne has resulted in altered expression 'in
tissues relevant to disease etiology [31], we first elucidated the
gene expression profile in‘testes of NOA patients’ and
characterized the genetic pathways that were either under-
expressed. or over-expressed: Because'spermatogenesis-is a
complex differentiation process, NOA could result from a
defect at any stage of the process. Thus, gene expression
profiling of NOA tissues might well be confounded by the
difficulty of discerning the differential stage and the
pathological status. Feig et al. [4] examined stage-specific
gene expression profiles in human NOA patients after
classification on the basis of Johnsen’s score. The testis tissues
were classified into four groups showing Sertoli-cell only
syndrome, meiotic arrest, testicular hypospermia, and testic-
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Figure 7. Diplotype-Specific Differences in Serum Testosterone Levels in-
NOA Patients a e -
Three diplo-groups (code 0, 1, and 2) were defined by ‘the number of
ART3 haplotype H1 carried. The serum- testosterone levels were
significantly different 'among the three groups (Kruskal-Wallis; df = 2, p
= 0.0093) by Bonferroni/Dunn post hoc tést.” e C
doi:10.1371/journal.pgen.0040026.g007

2.

ular normospefﬁia, corresponding to Johnsen's score 2, 5, 8,
and 10, respectively, and stage-specific differential gene
expression was monitored. We sought to identify suscepti--
bility genes underlying NOA that could affect any stage”of’
spcnnaidéknesis. Testis samples sul')groupq'd‘accordir{g\to
Johnsen’s score /in advance might. identify genes- affecting
multiple’ stages jof spermatogenesis. Therefore, we globally
subgrouped the samples at diverse stages of diffe'rentiétio;g;
using an NMF method for reducing inultidimcnsio'nalit; that
is appropriate for application io'hig.h'dimens'ionalvl;idlog}cgl

‘data. The NMF method" subgrouped' three classes; NOA1,

NOAZ2, and NOA3, which also were linequivocz{lly s'i_lbgfohpcd
by the HC approach (Figure 3). Notably;: NOA1 and NOA2-
represent a pathologically similar type showing low Johnsen’s
score, but were subclassified because of their distinct gene
cxpres§iqn\pg§l|2:1:n. NOAI1 and NQA2 showed differences in
LH, FSH, and testosterone levels, thus establishing mean-
ingful biological significance of the sub-classes (Table 2).

Genetic Susceptibility to NOA
In the current study, we'adopted a novel approach to select

candidate susceptibility genes for NOA. Global gene expres-

sion analyses were performed on NOA testes, and 52 genes

were’ selected according to differential gene' expression’
between NOA subclasses with a strict statistical criterion (p

< 0.01 with Tukey’s post hoc test). Despite the fact that our

sclection criteria relied only on data regarding differences in

gene expression and did not include any biological assump-

tions, many of the genes were related to spermatogenesis .
based on Gene Ontology analyses (Figure 4; Table 1). 191

SNPs of 42 genes were screened, and only one gene, ART3,

showed a positive association after the two rounds of
screening. Multiple SNPs of ART3 were significantly associ-
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Figure 8. lmmunohnstochemlcal Analysns of ART3 Expressnon in Human Testes .=,

Representative seminiferous tubules in testicular sections from normal- controls (A, B), OA (C-E), and NOA patlents (F-H) are shown Arrows indicate
spermatocytes - (SPC); spermatids (SPT); and. Sertoli. cells (SC). (B)..-ART3 protein was immunostained with anti-ART3. antibody; ART3-positive
spermatocytes (SPC) are noted as brown staining cells {A-E), No marked differences in testicular ART3 expression among the three ART3 duplo—groups

carrying none, one, or two copies of the protectlve haplotype H1were observed in OA (C-E) and NOA (F-H) patients. Magmf‘ catlon is 60X except in-(B)

(120X).
doi:10. l371f oumal pgen. 0040026 9008

ated with NOA,. the most- signiﬁcant_§ association; being -
observed-with ART3-SNP25 (rs6836703, nominal p =:0.0025, 1
permutatlon #=0.034; Table 4). We also detected a protective
haplotype, H1, whlch was the most common form and was
strongly associated with NOA (nommal ‘p =0 000073,
corrected’ p = 0.00080, -Figure 6): In " addition; dlplotypc
analysis - showed that” mdnvndua]s carrymg at least "one
haplotype H1.showed an elevated plasma testosterone level

(Fi 1gure 7) :

Functional Relevance of ART3 in the Pathogenesus of NOA‘

ART3 is a mcmber of the, mono-ADP-nbosyltransferase
family genes. .The blologxcal function of ART3 remains
obscure, as' ART3 does not display any detectable arginine-
specific transferase activity due to lack of the active site motif
(R-S-EXE) that is essential for catalytic activity. Since differ--
entiation of stage-specnﬁc expression of ART3 in testis has
been reported, protein expression being eéxclusively present
in spermatocytes but absent in spermatozoa [32], a genetic
variation of ART3 might well lead to a functional defect in
the process of spermatogenesls Haplotype H1 of ART3,
comprising all of the disease-protective _alleles at. the
respective SNP sites, was under-represented in the: pauems
However, functional disturbance associated with haplotype-
Hl is so far” undetermmed despnte the fact that' several
experiments designed to demonstrate haplotype-spccnﬁc
differences in expression level have been performed. Thus,
it is possible that this haplotype represents fine tuning that
maintains normal maturation of spermatocytes and improves
the efficiency of spermatogenesis.

In conclusion, genome-wide gene expression' analyses
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|dennﬁed dnfferennally expressed genes of NOA subclasses,,
and ART3 was identified as a susceptibility gene underlying
NOA. This genetic study constitutes only first-stage evidence
of assocnauon/because only Japanese mdwnduals were
included, so fu;thcr replication in independent case-comrol
samples is required to confirmthe role of the ART3
haplotype in genetjc risk for NOA. Although further func-
tional evidence s also requxred these results provxde malght
into the pathoetiology of NOA as well as reproductive fitness
at the molecul'al" level, and 'sug'g'e_st a target for therapy.

Materlals and Methods '

Partu:lpa ts. T esucular blopsy specimens for microarray analysxs
were obtainéd from 47 Japanese patients (aged from 24 to 52 years)
with NOA and 11 (aged from 22 to 57 years) with OA, each of whom
also underwent testicular ‘sperm ‘extraction (TESE) for assisted
reproduction ‘andlor diagnostic biopsy for histological examination.
The'biopsies for microarray analysis and histological examination
were mainly sampled from unilateral, multiple testicular sites in the
respective patients. Each patient was first assigned to azoospermia by
showing ‘no ejaculated spermatozoa in a semen’ examination.
Subscquently, OA was defined as follows: (1)-motile spermatozoa
were sampled from microsurgical epididymal sperm aspiration
(MESA), or (2) a considerable number of mature spermatozoa was
sampled’ from TESE.:NOA was tentatively defined as having no
cpididymal andlor testicular spérmatozoa. The degret of spermato-
genic defect was histologically evaluated according to Johnsen's score
f11). At least thrée biopsics from the same individual weré taken, and
the average Johnsen's scores in the NOA and OA groups ranged from
1to 6.5 and from'5.1 to 9, respectively. In most pitients, preoperative
levels of serum follicle-stimulating hormone * (FSH), leutenizing
hormone (LH). and total testosterone were measured. The infertile
male patients who visited Niigata University, Tachikawa Hospital, and
St. Mother’s Hosplldl received a rouline semen examination accord-
ing to 1999 WHO criteria. Based on this analysis, sperm were counted
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and the patients who had no ejaculated sperms were enrolled for a Expression Omnibus (GEO, htip:/flwww.ncbi.nlm.nih.govigeo/) data-
case-control association study. In total, 442 paticnts werc ascertained base, and are -dccessiblé through GEO Scries accession number
to have NOA. In the current study, ‘azoospermia patients with GSE9210. Tt L

varicocele, ejaculatory dysfunction, endocrinopathy, or histologically -* -~ » Quantitative real-time RT-PCR "analysis for validation of between-

cxamined OA as defined above were excluded. 475 fertile men having | - subclass' differences ini ‘gene ‘expression.; Quantitative real-time RT-
no specific clinical record were recruited in Niigata University. The > PCR analysis-was used to verify the micha'Ijmy data on’ 53 transcripts
ethics committees of Niigata University, Tachikawa Hospital, St. - - representing differential expressions between' NOA subclasses with

Mother's Hospital, and Tokai University approved the study proto- . high significance (p < 0.01) Among .53 transcripts, VCX
cols, and each participant gave written informed consent. Genomic * ~  (NM__013452), :VCX2 (NM\_016378),'.ahd_.,ycx3A (NM__016379)

DNA was prepared from blood white cells by Dneasy (Qiagen, Tokyo, were examined as a single transcript becausc sequence homologies
Japan) or salivas by phenol/chloroform extraction. between the three transcripts prevented development of appropriate

To examine microdeletion of the Y chromosome in a subset of assays for discrimination. Testicular total RNA (1 pg) subjected to
NOA patients, PCR-based diagnostic technique was used as follows:  ,microarray analysis was used as a template in first-strand ¢DNA
PCR amplifications with fluorescence (FAM or HEX)labeleéd primers  *synthesis with SuperScript I First-Strand Synthesis System (Invi-
were performed to obtain fragments encompassing eich of 13 STS: .. . trogen). Each single-stranded’ cDNA was_ diluted one-tenth for a

markers in and around azoospermia factor (AZF) regions of the Y ~ subsequent real-time RT-PCR using SYBR Premix Ex Taq (Perfect Real
chromosome (in AZFa: SY83, SY95 and SY105; in AZFb: SY118, Time) (TAKARA BIO, Otsu, Japan) on the ABI PRISM 7900HT
G65320, SY126 and SY136; in AZFc: SY148, SY149, SY152, SY283 and Sequence Detection System (Applied Biosystems) according to the
S$Y1291; in the heterochromatin distal to AZFc: SY166). Primer - manufacturer’s instructions. The PCR primers -for 43 transcripts
sequences and PCR conditions are available from the authors on ' showing between-subclass differences with® high- significance and
request. PCR-amplified fragments were run on the, ABI PRISM 3100 = GAPDH were designed and synthesized by TAKARA BIO Inc., or
Genetic Analyzer (Applied Biosystems, Tokyo, Japan), and Y- ~ QIAGEN GmbH (as the QuantiTect Primer Assay). In the _real-time

chromosome microdeletion was determined with GENESCAN soft- "RT-PCR analysis for the nin¢'remaining transcripts, we used TaqMan
ware (Applied Biosystems). . Gene Expression Assays (Applied Biosystems) with TaqMan Universal
Microarray analysis of testis samples. Total RNA from testicular PCR Master Mix (No AmpErase UNG. version) according to the
biopsy was extracted using TRIzol reagent (Invitrogen, Carlsbad, CA;: .. manufacturer’s instructions (Applied Biosystems). :The detailed,.
USA) and quantity and quality of the extracted RNA were examined - information on the primer sequences-used and/or the assay system’”
with 2100 Bioanalyzer (Agilent Technologics, Palo Alto, CA, USA) - selected are summarized in Table S3.. A relative quantification
using RNA 6000 Nano LabChip (Agilent Technologies). Human Testis method [34] was used to measure the amounts of therespective
Total RNA (BD Biosciences, San Jose, CA, USA), a-histologically genes .in.NOA testes, normalized. to GAPDH as an endogenous
normal testicular RNA pooled from 39 Caucasians, was used as a - control, and relative to Human Téstis Total RNA (BD Biosciences) as
common reference in two-color microarray experiments. a reference RNA. Statistical significance between NOA subclasses was

For fluorescent cRNA synthesis, high-quality total RNA (150 ng) " detcrmined by Kruskal-Wallis test, followed by multiple Coniparisons;”
was labeled with the Low RNA-Input Fluorescent Linear Amplifica- :* p < 0.05 was considered significant. - " .~ ... .. DR

tion Kit (Agileiit Technologies) according to the manufacturer's: SNP selection of candidate genes for NOA and genotyping. Based -
instructions: In this procedure, cyanine 5-CTP (Cy5) and cyanine 3- ' on gene expression data of NOA: testes, we selected ' 52 genes
CTP (Cy3)‘(PerkinElmer, Boston, MA," USA) were 'used to generate ' (encoding 53 transcripts) as- candidates for genetic 'susceptibilities :
labeled cRNA from the extracted patient RNA and the reference underlying NOA. SNPs of the candidate genes with minor allele
RNA, respectively. Labeled cRNAs (0.75 pg each) from one patient frequency (MAF) > 0.05 were obtainéd from the NCBI dbSNP
and the common reference were combined and fragmented in a database (http:/lwww.ncbi.nlm.nih.gov/SNPY), and applied to an initial

hybridization mixture with the In Situ Hybridization Kit Plus (Agilent screening. Of the 52 candidate genes, 10 genes (CTAGIB,
Technologies). The mixture was hybridizéd for 17 hours at 65°C'to LOC158812, LOC255313; MAGEAZ2, PEPP-2, TSPY1, TSPY2, VCX3A," -
thetAgilent Human 1A(v2) Oligo :Microarray,. which carries 60-mer VCY; and XAGE1) were excluded from the initial screening because
probes to 18,716,human transcripts. After, hybridization, the micro- gene-based SNPs with MAF > 0.05 were not found in the public SNP
array was washed with SSC bulfer, and then scanned in Cy3 and Cy5 database. A total of 191 SNPs of 42 genes were genolyped in the
chirinels with' the-Agilent DNA Micréairay Scanner model G2565AA" screening with Tga'Man SNP Genotyping Assays on the ABI PRISM'
(Agilent Technologies). Signal intensity per spot was generated from 7900HT: Sequencé Detection System (Applied Biosystems). 190 NOA

the scanned image with Feature Extraction Software ver7.5 (Agilent patients (cases) and 190 fertile men (controls) were-genotyped in the
Technologies) in default, setting. Spots that did not pass ,quality first round screening. For genes with at least one SNP showing a
control procedures were flagged and rémoved for further analysis.~ discrepancy in MAF of 5% or greater between cases and controls, the
The Lowess (locally weighted linear regression ‘curve fit) ‘niethod sample size was increased to 380 casés and 380 controls in the second '
was appliedito normalize the ratio (Cy5/Cy3) of the signal intensities round. e
generated in, each ymicroarray with GeneSpring GX, 7.3 (Agilent After two rounds of initial screening, additional SNPs of ART3
Technologies). Compared with the expression level of reference RNA, were selected rom dbSNP or identified by direct sequencing of all. 12 -
the NOA group, with expression undergoing a 2-fold mean change or exons of the ‘gene" (Ensemble transcript ID ENST00000355810) "and
more was extracted; the OA group comprised transcripts showing less - splice accéptorand donor sités iii ‘the'iitron using the génomic DNAs
than 2-fold mean expression change (Figure 1A). Of the transcripts from. 95 infértile patients as PCR templates. A total of. 38 SNPs of .

included in both .groups,. only those with a statistically. significant ART3 were\finilly genotyped on 442 cases and 475 controls. by
difference in expression between NOA and OA testes (based on TagMan SNP_be_nolyping Assays or by direct sequencing with BigDye

lowess-normalized natural log[Cy5/Cy3), Bonferroni's corrected p < Terminators v3.1 Cycle Sequencing Kit (Applied Biosystems) on ABI
0.05) were counted ‘as NOA-related target genes. To elucidate the PRISM 3700 DNA analyzer. : i i S i -
* moiccular subtypes of NOA, we. adopted the non-negative matrix Statistical analyses in association study. Pairwise linkage disequi-
factorization (NMF) algorithin, which has been recently introduced to librium (LD), using the standard definition of D’ and 7 {35,36), was
analysis of gene expression data. [5,6}. For this. analysis, a complete measured with SNPAlyze v5.0 software (DYNACOM, Mobara; Japan).
dataset without missing values was generated from raw values of Cy5 To construct ART3 haplotypes in phase-unknown samples, tag SNPs
intensities for the NOA-related target genes in the NOA samples,.and. of ART3 were selected with Tagger software {25], incorporated in the
used to clarify NOA hetcrogeneity using three M-files (available from Haploview. The expectation:maximization (EM) algorithm [37] and

the following URL; hitp://lwww.broad.mit.edulcgi-bin/cancer/ PHASE version 2.1.1 [26,27] was used t6 infer haplotype frequencics
publications/pub__paper.cgi?mode=view&paper__i=89) for MAT- and “individual diplotypes’ for’ ART3. Differences in allelic 'and

LAB (Mathworks, Natick, MA, USA). According to the subclassifica- haplotype  frequencies were: evaluated using a case-conitrol design
tion of-NOA samples, -transcripts. differentially .expressed between with the chi-square test. For an adjustment of multiple testing, we
NOA subclassés were determined by one-way ANOVA, followed by applied a'permutation method with Haploview version 3.32 software,
Tukey's post hoc Lest in GeneSpring GX. For multiple test corrections or Bonferroni's method to determine corrected p-values,

in this statistical analysis, we used the Benjamini-Hochberg proce- To - investigate association of the ART3 diplotype with clinical
dure [33] of controliling the false discovery rate (FDR) at the level of phenotypes such as serum hormone levels, differences among the
0.05 or. 0.01. To analyze which catcgories of Gene Ontology were three categorics (code 0, 1, and 2), defined by the number of the most
statistically overrepresented among the gene lists obtained, we used significant haplotype, were statistically examined by Kruskal-Wallis
GO Browser, an optional tool in GeneSpring GX, where the statistical test, folloived by Bonferroni/Dunn post hoe test (StatView version 5.0,
significance was, determined by Fisher's exact test. The microarray SAS Institute, Cary, NC, USA). oo . .
data reported in this paper have been deposited in the ‘Gene Immunohistochemistry. To examine cellular localization of ART3
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protein in azoospermic testes, testicular biopsy specimens from 15
OA and- 12 NOA patients were subjected to immunohistochemistry.
Four postmortem testicular tissucs of accidental sudden-deaths were
used as normal controls. The testicular tissues were fixed in 10%
buffered formalin and embedded 'in p.:raffm ‘Cryosections (3 pm
thickness) were pre-incubated with the Histofine Antigen-Retrieval
Solution (1:10 dilution; Nichirei' Bioscience, Tokyo, Japan) for 10
minutes at 95 °C. The sections were then’ incubated with primary
ART3 antibody (1:4,000; Abnova, Taipei, Taiwan), then with IgG2b
isotype (1:4,000; MBL International. Woburn, USA) for 60 minutes at
room temperature. After washing with PBS, the, sections were

incubated with. the Histofine Simple Stain Max-PO (Multi) (1:5,

dilution; Nichirei Bioscience) for 30 minutes at room temperature,
and then reacted with DAB (Nichirei Bioscience) for 10 minutes at
room temperature. Haematoxylin was used for counterstaining.

Supportmg Informatlon

Figure st. S(ansncal Analysis Reveals Transcripts Dlﬂ'ercntmlly
Expressed among Three NOA Subclasses

Venn diagram summaries shoiv the number of transcripts differ-
entially cxprcsscd with significance by Tukcys post hoc test in cach
comparison (see Table S1)

Found at doi:10.1371fjournal.pgen.0040026. ngOI (694 KB EPS).

Figure S2. Comparisons of Expression Levels of 149 Transcripts
Expressed Differentially between Three NOA Subclasses in Micro-
array Analysis (Part I)

Natural log-transformed normalized ratios of NOA to testis reference
(y-axes) were subjected to statistical analysis, as described in Materials
and Methods. Each column represents mean * standard error of the
mean. The 53 transcripts with highly significant (p < 0.01, Tukey test)
differences between the three NOA subclasses are shown in red.

Found at doi:10.1371journal.pgen.0040026.sg002 (773 KB EPS).

Figure S3. Comparisons of Expression Levels of 149 Transcripts
Expressed Differentially between Three NOA Subclasses in Micro-
array Analysis (Part IT)

Natural log-transformed normalized ratios of NOA to testis reference
(y-axes) were subjected to statistical analysis, as described in Materials
and Methods. Each column represents mean * standard error of the
mean. The 53 transcripts with highly significant (¢ < 0.01, Tukey test)
differences between the three NOA subclasses are shown in red.

Found at doi:10.1371jjournal. pgen.0040026.sg003 (798 KB EPS).

Figure S4. Comparisons of Expression Levels of 149 Tmnscripts
Expressed Differentially between Three NOA Subclasses in Micro-
array Analysis (Part IIT)

Natural log-transformed normalized ratios of NOA 1o testis reference
(»-axes) were subjected to statistical analysis, as described in Materials
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Advanced peritoneal carcinomatoses is very difficult to treat. We have explored the potential therapeutic application of gene Lheﬁpy using

cationic liposomes in this disease. The lacZ gene was introduced in vitro into ovarian and éidometrial cancer cells using cationic liposomes. The
transfection efficiency was simiilar to that of commercially available liposomes in serum-free medium (11.0~20.9% vs. 5.4-26.0%). In serum-
containing medium, the efficiency was 1.9~18.1%, which is comparable with the efficiency in serum-free medium. However, the efficiency of

commercial liposomes decreased.drastically to between 0.1% and 4.7%

in the serum-containing medium, When cultured cells were transfected

. with the herpes simplex virus thymidine kinase (HSV-tk) gene and ganciclovir (GCV) was added, the anti-tumor effect of GCV was 47-640 times
" greater than when the same experiment was performed with lacZ gene. Evaluation of anti-tumor effect was performed with the MTT assay. In
vi,v'd',_ the H R,A'“and‘mEl IL ascitic mice were treated with HSV-tk gene and GCV, using the peritoneal route, a significant prolongation of the mean
survival timgé was oﬁgerved by Ki\plan_—M‘eiier ziﬁélysis,( 1')6-] 8 days and 15-30 days, respectively, p<0.05). These results indicate a potential role
‘for gene therapy in the treatment of advanced intraperitoneal carcinomatoses using the novel cationic liposomes. _ -

© 2006 Elsevier B.V. All rights reserved.

Keéywonrds: Cationic liposomes; Suicide gene therapy; Serum; Human cancer cells; Ascitic mice
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1. Introduction
- . el t - I

- The standard treatment for disseminated. intraperitoneal car-

~. cinorfiatoses is’cytoréductive surgery followed by chemothera-
" py. Recently, intraperitoneal :hyperthermic perfusion has been -

- increasingly investigated for intraperitoneal disease controls 1.
Even though these therapeutic modalities were well defined,
- improvement in the prognosis of patients with advanced intra-
-peritoneal cancer has been disappointing. In spite of intensive

- clinical research, the rate presentation of patients with intra-
peritoneal cancer has not allowed these efforts to result in sig-
nificant improvement of prognosis. Therefore, we continue to
seek effective modalities of treatment that will be tolerable and
easy to administer. One such treatment with great potential is
gene therapy. -

* Corresponding author. Tel.: +81 25 227 2320; fax: +81 25 227 0789,
E-mail address: tanaken@med.niigata-u.ac.jp (K. Tanaka).

0168-3659/5 - see front matter © 2006 Elsevier B.V. Al rights reserved,
doi: 10.1016/j.jconrel.2006.04.001

.

- Gene therapy is a method that ufilizes genetic manipulation in

" the treatment of various diseases. The concept of gene therapy

involves the transfer of genétic material into a cell, tissue, or

‘whole organ, with the goal of curing a disease or at'léast im-

proving the clinical status of a patient [2], and it i$ oné of the
most hopeful strategies to date for the treatment of thése pre-
viously untreatable tumors. Many studies have been performed
in cancer gene therapy using various vectors [3}, and remarkable
progress has been reported in this field. ‘
Herpes simplex virus thymidine kinase (HSV-tk) is one of the
candidates that can be used to introduce therapeutic genes into

- peritoneal cancer cells [4]. The incorporation and expression of

this gene in cancer cells followed by treatment with a specific
prodrug, e.g. ganciclovir (GCV) is an attractive cancer gene
therapy. GCV is a nontoxic nucleoside analogue, which makes it
very attractive especially when one considers the toxicity as-
sociated with standard chemotherapy. This favorable profile
regarding toxicity is the main reason this agent is currently
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. undergoing- intensive investigation by many researchers 51

5‘; .GCVis. converted into a monophosphate form by phosphory-

'lanon which can be further converted into a triphosphate
form by endogenous mammalian enzymes. Triphosphate-GCV
* changes to a toxic nucleotide analogue, which inhibits DNA
replication [6].

Various vectors for gene transfer have been developed and

investigated both in vitro and in vivo. However, it is difficult to.

find a single method that meets all the conditions for an ideal
gene transfer and vector expression. There are many concerns
regarding the safety of vectors and the complicated pharmaco-
dynamics involved which must be resolved. Viral vectors like
retroviruses and adenoviruses, which have hlgh transgene ex-
pression efficiency, have been investigated for a long time [7].

Unfortunately, they have many defects. The limitations of viral
gene theraples relate to the residual vnral elements within the
viral vectors that can be immunogenic, cytopathic or recombi-
genic [8). Traditional nonviral chemical and physical methods
such as calcium phosphate precipitation [9], administration of
DEAE dextran [10] and electroporation {1 1] have relatively low
efficiency. Furthermore, they are not well suited for in vivo use
and are difficult to use for transfection of a large quantity of
cells.

Cationic lxposomes are nonwral vectors [12] and new de-
rivatives of cationic lipid are being developed at a fast pace.
Cationic hposomes are superior to viral vectors in terms of
reproducibility, simplicity and safety of use. In addition, they do
not invoke an immune response or protooncogene activation
(13,14]. However, they are inferior to -viral vectors in trans-
fection efficiency. Most commercially available cationic lipo-
somes were invénted for in vitro rather than in vivo use, so they
have low transfection efficiency under serum-contairiing condi-
tions and are currently unsuitable for clinical use.

We previously developed and reported a series of new cationic
liposomes containing 0,0’-ditetradecanoyl-V- (a-tnmethylam-
monioacetyl) diethanolamine chloride (DC-6- 14) (Fig. 1),
which have transgene activities in serum-containing medium for
disseminated intraperitoneal tumors [15]. In this report, we des-
cribe the use of one of these novel cationic liposomes, composed
of DC-6-I4 and dloleoylphosphatldyleﬂ'nanolamlne (DOPE) ina
molar ratio of 5:2, for gene therapy. Furthermore, we describe its
transgene expression efficiency and anti-tumor effect .under
serum-containing conditions. This was done in vitro but we also
show significant prolongation of survival in vivo in comparison
with commercially available cationic liposomes.

o

CiH -g-o-c H CHs

137027 2 {4 -
™~ N-C-CH,-ACH, Ci

; H
[ -ﬁ-oczﬂ./ o CcH,
0

Fig. 1. Chemical structure of cationic lipid DC-6-14, 0,0’ ditetradecanoyl-V-
(a-trimethylammonioacetyl) diethanolamine chloride. A powerful positive
charge derived from trimethylanunonium gives the affinity for DNA.

2. Materials and methods

2.1. Cell lines

Six human cancer cell lines (HRA, ES-2, mEIIL, KF, SW626
and SKOV-3) were used in vitro, and two cell lines (HRA and
mEIIL) were used in vivo. The HRA and KF cells were both
derived from serous cystadenocarcinoma of the ovary [16.17]
and were kindly provided by Dr. Yoshihiro Kikuchi (National

.. Defense . Medical College, Tokorozawa, Japan). The ES-2,

SW626 and SKOV-3 cells were derived from hurnan ovarian
carcinoma [ 18-20] and were purchased from the American Type
Culnire Collection. The mEIIL (metastatic Estrogen Indepen-
dent Ishikawa Line) cells were human endometrial adenocarci-
noma cells [21], which were derived from the Ishikawa line [22]
and were kindly provided by Dr. Hideki Sakamoto (Nihon Uni-
versity, Tokyo, Japan). All six cell lines were maintained in
Dulbecco’s modified Eagle medium (DMEM, Immuno-Biolog-
ical Laboratories, Fujioka, Japan) supplemented with 10% fetal
bovine serum (FBS, JRH Biosciences, Lenexa, KS, USA).

2.2. Preparation of novel cationic liposomes

We prepared cationic liposomes labeled GTE-319 for gene
transfer into cancer cells. DC-6-14, a positively charged lipid
was purchased from Sogo Pharmaceutical Co., Ltd. (Tokyo,
Japan). A powerful positive charge derived from trimethylam-

- monium gives the affinity for DNA. Dioleoylphosphatidyletha-
‘ nolamine (DOPE), a neutral helper lipid and essential to the
- formation of stable llposomes [23), was obtained from Nlppon A

Oil and Fats (Tokyo, Japan). 'We prepared positively charged”
liposomes as mixtures with neutral helper lipids. A molar ratio
of 5:2 was used for DC6-14/DOPE.

Liposomes were prepared as freeze-dried empty liposomes
using a method described previously [15]). Briefly, DC6-14
and DOPE were dissolved in a chloroform—methanol mixture
(4:1, v/v), and the solvent was removed in a rotary evaporator.
After the lipids were mixed with 9% sucrose aqueous solution,
they were hydrated at 60—70 °C and extruded through a poly-
vinylidenedifluoride membrane filter with 0.22 pm pore size by
using 2 Liponizer LP-90 (Nomura Micro Science, Kanagawa,
Japan). The dispersion was pipetted into glass vials (0.5 or 2 ml
portion each) and lyophilized in a freeze-drier (Virtis, NY,
USA). The dried liposomes were then reconstituted with 0.5 or
2 ml of distilled water by a gentle mixing prior to transfection.

As a control, we used the commercially available cationic
liposomes DMRIE-C and LipofectAMINE (Life Technologies,
Inc., Rockville, MD, USA).

2.3. Construction of expression plasmids

Dr. Jun-ichi Miyazaki (Osaka University, Osaka) generously
provided the expression plasmid pCAG-lacZ. The pCAG vector
expresses an inserted DNA by its CAG promoter, which con-
sists of the cytomegalovirus immediate early enhancer sequence
and the chicken (3-actin/rabbit 3-globin hybrid promoter [24].
The HSV-tk gene was derived from plasmid pHSV-106 (Life
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Technologies, Inc.) [25] by polymerase chain reaction (PCR)

amplification using the primers 5'-GCC-CGA-ATT-CTA-GAA-

GCG-CGT-ATG-GCT-TCG-3’ (sense) and 5'-CCG-CGA-ATT-
CCC-GTG-TTT-CAG-TTA-GCC-TCC-3' (anti-sense). The
PCR products were purified by a Microspin S-400HR column
(Pharmacia Biotech, Tokyo, Japan) after digestion with EcoRI.
The lacZ gene of the pCAG-lacZ was removed by digestion
with EcoRIl. We designed the pCAG-HSVtk plasmid, which
was constructed by replacing the lacZ gene in the pCAG-lacZ
with the HSV-tk cDNA fragment.

2.4. In vitro transfer of the lacZ gene and X-Gal staining

Cells were seeded on 6-well plates (Coming-Coaster, Cam-
bridge, MA, USA).and incubated to reach about 30~50% con-
fluence at 37 °C in 5% CO,. One hundred mlcrollters of serum-
free DMEM containing 1 pg of the lacZ gene was mixed with
100 pl of serum-free DMEM containing an appropriate amount
of GTE-319" suspensions (10 nmol of “DC-6-14), DMRIE-C
suspensions: (10 nmol of DMLIE:" 1,2-dimyristyloxypropy!-3-
dimethyl-hydroxy ' ethyl: ammonium - bromide) or LipofectA-
MINE suspensions (5-nmol of DOSPA: 2.3-dioleyloxy-N-[2
(spermine carboxyamiido)- ethyl]-V,N-dimethyl-1-propanami-
niumtrifluoroacetate) with mild agitation in polystyrene tubes
and incubated for 15 min at room temperature. Prior to trans-
fection, 800 pul of DMEM containing 12.5% FBS (final conc.
10% FBS) were added. Transfection was also performed under
serum-free conditions. Cells were washed with serum-free me-
dium and added to | ml of liposomes/plasmid complexes. After
5-h incubation at 37 °C, the old medium was removed, then
cells were® washed, addéd t6 serum-containing medium and
cultured for 48 h. To evaluate transfection efficiency, S-bromo-
4-chloro-3-iodolyl 3-D-galactoside (X-Gal, Life Technologies,
Inc.) staining assay was performed as previously described
elsewhere [26]. Percentages of lacZ expression cells were de-
termined by countmg at least 1000 cells with a microscope.

¢
H

7 5 In Vitro sensitivity to GC V

- To evaluate the effect of the HSV-tk gene_ transfectlon with
GTE"319 and GCV administration in vitfo, the cells were seeded
on 96-well plates (Greiner Labortechnik GmbH, Frickenhausen,
Germany) at 1-3x10* cells per 80 ul of DMEM containing
12.5% FBS and incubated for 24 h. An equal volume of the lacZ
gene or the HSV-tk gene (1-10 pig/ml in serum-free DMEM) and
GTE-319 suspensions (cationic lipid 10100 nmoV/ in serum-free
DMEM) were mixed and incubated for 15 min at room tem-
perature. Twenty microliters of liposomes/plasmid complexes
was added to each well. After 5 h of incubation at 37 °C, the old
medium was aspirated with a 23-gauge needle, and 200 ul of
DMEM containing 10% FBS with 0, 0.001, 0.01, 0.1, 1, 10, 100
and 1000 pg/ml of GCV were added to each well. For evaluation
of the anti-tumor effect in vitro, MTT assay was performed [27]
after 96—144-h incubation. The IC50 value was determined by
extrapolation and detailed graphically. The therapeutic index was
determined by comparing the IC50 values of the lacZ gene-treated
cells and HSV-tk gene-treated cells (lacZ IC50/HS V-tk IC50).

2.6. Animals

Five-week-old female CD-1 nu/nu athymic nude mice weigh-

" ing 20-30 g were purchased from Charles River Japan (Yo-

kohama, Japan) and'-maintained in a specific pathogen-free

environment. When necessary, the animals were killed or their B

ascites was aspirated from their peritoneal cavities.
2.7. In vivo transfer of the lacZ gene and X-Gal staining

Viable HRA cells, 6 x 107 in | ml of DMEM containing 10%
FBS, were inoculated into intraperitoneal cavities of nude mice
with a 26-gauge needle. Two days after HRA cell moculatlon
the pCAG-lacZ was transferred” mto cancer cells in the peri-
toneal cavnty Five hundred microliters of serurm-free DMEM
containing 7Oug of the pCAG-lacZ was mixed with 500 ul of
serum-free DMEM contammg 200 .nmol of GTE—319 suspen-
sion and incubated for 2 min at room temperature and then
mice were injected with 1 ml of the’ hposomes/plasmld com-

‘plexes. Twenty four hours later, we mjected saline into the

mtrapentoneal cavxty and ascites’ were asp:rated from the mice
mtrapentoneal cavmes To remove red blood cells the pellets
were suspended in 0. 15 M NH4C1—1 mM KCL- 0.1 mM
Na,EDTA; pH 7.4 aﬁer cenmfugatlon at 1000 rpm for 5 min.

‘Then' 3x 105 HRA cells were seeded onto 6-well plates and

incubated for 24 h. X-Gal staining was performed the same as in
the in vitro experiment.

2.8. Intraperitoneal transfection of the HSV-tk and the lacZ
gene (o the nude mice and GCcv admzmstratzon

Viable HRA cells, 3x10°, and 5x 10° mELIL cells in | ml of

DMEM contammg 10% FBS were inoculated into the peritoneal
cavities of nude mice with a 26- gauge needle The mice were

;

A) - ) . )
' ’ GCV 35 mg/kg * 2/ everyday i.p.(Days 9-21).
HRA (3 x 10°) ; ‘ —
l o liposomes / plagmid complexes ip. .,
M IR R I
D0 ) 07 D9 D11 D13 D15 D17 D19 D2t
(B) .
GCV 35 mg/kg * 2 / everyday i.p.(Days 12-24) N
mENL (5 x 10%) -
1 ' luposomes/plasmm complexesup
Do D10 D12 D14 D16 D18 D20 D22 D24

Fig. 2. Protocol of the transfection and GCV treatment of malignant cells
disseminated in the mouse peritoneal cavity. (A) After HRA cells were
inoculated on day 0. liposomes/plasmid complexes were injected i.p. every
2 days from day 7 to day 19 and GCV was injected i.p. twice a day from day 9 to
day 21. (B) After mEIIL cells were inoculated on day 0, liposomes/plasmid
complexes were injected i.p. every 2 days from day 12 to day 24 and GCV was
injected i.p. twice a day from day 14 to day 26.
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Table 1
In vitro transfection efficiency cells in the presence or absence of serum

t
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Transfection efficiency (%)

P

. ) Serum ) . Serum (+)
., Cell line - . GTE-319 DMRIE-C - Lipofect AMINE GTE-319 DMRIE-C Lipofect AMINE

4 . HRA 209 9.6 1.8 9.1 13 T 47

mEIIL 110 12.6 . 20.5 44 4.0 0.6 -

ES-2 17.3 17.7 26.0 13.1 10.1 : 3.3

KF 12.9 94 16.1 9.4 0.6 .01

SKOV-3 174 13.1 54 1.9 02 02

SW626 16.8 9.5 179 18.1 4.2 0.2

divided into two groups the HSV-tk treatment group and the

'lacZ treatment group. Seven days after HRA  cell inoculation

(Fig. 2A) and 10 days after mEIIL cell moculatlon (Fig. 2B),
gene therapy was started. Twenty micrograms of plasmid 'in
500 ul of serum-free DMEM and 200 nmol of cationic lipid in
500 pl of serum- free DMEM were gently mlxed One millititer
of’ Ilposomes/plasmld complexes was m_]ected i. p every 2 days
seven times. Intrapentoneal injections of GCV @35 mg/kg) were
performed twice a day for I3 days startmg 2 days after the first
mjectlon of llposomes/plasmld complexes The ammals body

'werght was measured every 3 days durmg GCV treatment, and

animals were observed daily until death Results are represented
by the Kaplan—Meier method. The Wllcoxson method was used
for statistical analysis. _ .

3. Results

3.1. Transfection eﬁiéiencies of the lacZ gene in vitro

, Llposomes/plasmld complexes were transferred into the cells
it the absence or presence of serum 24 h after the cell had been
seeded to a 6-well plate. Forty-eight hours after transfection of
the lacZ gene in the absence or presence of 10% FBS, we
performed X-Gal staining. Under a microscope, the lacZ gene
expressron cells appeared to be made of blue cytoplasm. We
evaluated transfection eﬂ"lcrency by counting the percentages of
blue-dyed cells] and at” léast 1000 cells were counted from
each cell line. The results of the above experiment are shown in
Table 1, and data represent the means of three experiments.

In the absence of serum, both commercially available cationic
liposomes and GTE-319 showed comparable high expression
efficiency: 11.0-20.9% in GTE-319, 9.4-17.7% in DMRIE-C
and 5.4-26.0% in LipofectAMINE in all six cell lines. In the
presence of 10% seruin, the transfection efficiency of GTE-319
was more effective (1.9-18.1% efficiency) than that of com-
mercially available ‘cationic Ilposome reagents, which showed
a marked decrease of transfection effi iciency: 1.3-10.1% in
DMRIE-C and 0.1-4.7% in LipofectAMINE.

3.2. In vitro sensitivity to GCV
[n the case of the cells transferred with pCAG HSVtk plas-

mid in the presence of 10% FBS, the IC50 values of GCV for
HRA, mEIIL, ES-2, KF, SKOV-3 and SW626 cells were 0.025,

1.3, 0.062, 0.284, 3.8 and 2.05 pg/ml, respectively. In contrast,
in the case of the pCAG-lacZ-transfected cells, the IC50 values
of GCV for HRA, mEIIL, ES-2, KF, SKOV-3 and SW626 cells

-were 16, 62, 6.2, 25.5, 490 and 96 pg/ml, respectively. This is

summarized in Table 2. The cells transfected with the HSV-tk
gene had 640, 48, 100, 90, 129 and 47, respectively, times as
much sensitivity as the cells transfected with the lacZ gene.
What is evident from the table is that suicidal gene therapy by
the HSV-tk/GCV system' using our novel cationic liposomes
was an effective method for treatment. of malignant cells in
vitro.

3.3. Transfection efficiencies of the lacZ gene in vivo

The methods detailed in Materials and methods determined
the percentages of transfection efficiency. The percentage of
lacZ-positive cells in HRA was 4.4+ 1.0% (n=3). Transfection
efficiency in vivo was about half of the effi iciency achieved in
vitro. - e : )

,'/' .
3.4. Prolongation of survival of animals with intraperitoneal
injection of the HSV-tk gene and GCV :

HRA ascitic mice (n=12) were followed for 70 days, and
the mean survival of the HSV-tk gene/GC V-treated group and
the lacZ gene/GCV-treated group was 51.6 and 35.6 days,
respectively. Kaplan—Meier survival curves are. shown in
Fig. 3A. The mEIIL  ascitic mice (n=8) were followed for
85 days, and the mean survival of the HSV-tk gene/GCV-
treated group and:the lacZ gene/GCV-treated group were 76.9
and 62.1 days, respectively (Fig. 3B). In both cell lines, the
mean survival of the HSV-tk treatment group was sngmﬁcantly

Table 2 .

In vitro sensitivity of cancer cells introduced by the HSV-tk gene to GCV

Cell line HSV-tk lacZ Therapeutic
IC50 (uig/ml) index

HRA 0.025 16 640

mEIIL . 1.3 62 48

ES-2 . 0.062 6.2 100

KF 0.284 25.5 90

SKOV-3 38 490 i 129

SW626 2.05 96 47
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survival rate (%)

| | | | I I
12 24- 38 48 " 60 -T2

Days after HRA cells inoculation

(B) menL
100 |
[
3 ] o............._g ) —L- .
] i O y
$ 504
E 4
3
3
J -_— HSV-tk/GCV =
""""" GCV | |
0 - .o : -
| | I | | | 1
12 24 36 + 48 -60 .. 72 84

Days after mEIL celis inoculation

Fig. 3. Kaplan—Meier analysis of the survival of animals with HSV-tk gene/
GCV (continuous line), with the 1acZ/GCV (interrupted line) and without
treatment (dotted line). (A) Inbcu!ate'd HRA cells (n=12). The survival rate of
the HSV-tk treatment group was' significantly high comparéd with the lacZ-
treated group (p <0.05). (B) Inoculated mEIIL cells (#=8). The rate was higher
in the HSV-tk treatment group than ‘in the lacZ treatment group‘ (p<0.05).

longer than that of the lacZ treatment group (p < 0 05, Wilcoxson
test).

4. Discussion

Recently, several nonviral delivery and expression systems of
exogenous genes into culture cells in vitro and different internal
organs in vivo have been developed [8,28]. One of these is the
cationic lipid-based system, which utilizes cationic liposomes.
This system meets the’ requirements for efﬁctency, safety and
repetition [‘73] Cationic hposomes have numerous advantages
when compared to other nonviral vectors; the technique is sim-
ple, highly reproducible and more efficient than some commonly
used techniques [12]. Several clinical trials for gene therapy
using cationic liposomes are ongoing with human genetic di-
seases and cancet. [nitial results from these trials are encouraging
[29].

In general, cationic liposomal transfection efficiency is re-
duced in the presence of serum [12,14,23]. Serum contains
various types of charged molecules, which may bind to lipo-
somes. Thereby this moditication renders structural and physi-

cal characteristics of the cells sensitive to nucleases. For this
reason, new cationic liposomes, which have an ideal formula-
tion and good transgene efficiency’ under serum-containing

- conditions, have been developed for clinical use [15,30). "'

We developed cationic liposomes based on DC-6-14 for
efficient gene transfer into peritoneally disseminated ‘tumors.
DC-6-14 has unique properties for gene delivery into human

cancer cells in serum-containing medium. In the présent study,

the lacZ gene was transferred to human cancer cells with GTE-
319 based -on DC-6<14 and commercially available cationic

liposomes in serum-free of serum-containing mediuni in vitro. -
The transfection efficiency of GTE-319 was similar to other

commercially available cationic liposomes for all cancer cells in
the serum-free condition (Table 1). In the experiment on trans-
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gene expression through commercially available liposomes, the -

transfection efficiency was reduced by the presence of serum.
By contrast, transgene expressmn using GTE-319 was main-
tained in serum-containing medium;. Thus, GTE-319 was I.1- to
15.7-fold more effective than DMRIE-C and 1.9- to 94.0-fold

more effective than Lipofect AMINE in all six cell lines in the

presence of 10% serum (Table 1). These results showed that
these’ cationic liposomes demonstrated a consxstently superior
transfection efficiency in the presence of serum in vitro. There-
fore, the use of GTE-319 would be advantageous for clinical use
in human cancer therapy.

To evaluate the anti-tumor eﬁ'ect of GTE 319 based'on DC-
6-14 in vitro, MTT assay was ‘performed and the IC50 values of
GCV were determined graphically. As shown in Tablé 2, the
IC50 values of GCV for the lacZ gene transfection cells (thera-
peutic index) were 640-, 48-, 100-, 90-, 129- and 47-fold higher
than those for the HSV-tk gene transfection cells of: HRA,
mEIL, ES-2, KF, SKOV-3 and SW626, respectlvely Our
inference ﬁ'om this result is that HSV—tk/GCV sumdal gene

. therapy with’ ‘GTE-319 lnposomes was eﬂ'ectlve for treating

cancer cells in vitro: ‘Although transgene expression efficiency
was generally low in vitro (1.9% to 18.1%, Table 1), malignant
cells were killed by low concentrations of GCV. This phenome-
non was probably due. to the so-called bystander effect. By-
stander effect describes a situation where neighboring cells
suffer- toxicity even though they are not genetically modifica-
tion. The, inechanism. involved is poorly understood. It may
require cell—cell contact via gap junction [31].

In this experiment, even though transfection efficiency was
almost the same between cell lines (for example, HRA: 9.1%,
KF: 9.4%), a difference was observed in therapeutic index
(HRA: 640, KF: 90). This scenario may indicate differences in
the level of gap junction expression by individual cell. More-
over, different sensitivities of cells to phosphated GCV mimic

the clinical situation where different histological types of cancer

have different sensitivities to anticancer chemotherapy. These
possibilities will have to be explored.

Following confirmation of adequate therapeutic effect of
gene therapy in six ditferent cancer cell lines in vitro, we pro-
ceeded to evaluate gene therapy on HRA and mEIIL ascitic
mice. We used survival time to evaluate in vivo anti-tumor
effects. Although transfection efficiency was low in HRA cells
(4.4%), we found that suicidal gene therapy using GTE-319
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significantly prolonged survival of the.two kinds of ascitic mice

(Fig. 3). Part of'the observed therapeunc etfect may also be due.

to the phenomenon of bystander, effect in vwo o

Although more researches still needed in this area, our ﬁnd- ,

ings. are very encouraging and we, feel that our approach has

. potential therapeutic application in the management of cancer.

Do
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Abstract

Background. Malignant rhabdoid tumors (MRTs) are highly malignant neoplasms that consist of both renal and extrarenal subtypes. Primary
ovarian cases are extremely rare. We herein describe the third known case of ovarian origin, which effectively responded to combination
chemotherapy with ifosfamide, epirubicin, and cisplatin (IEP chemotherapy).

Case. A 19-year-old woman was diagnosed to have stage {Ilc primary MRT of the ovary following the resection of tumors. Two months after
surgery, an 8 cm-sized pelvic mass and enlarged retroperitoneal lymphnodes were detected. The patient received intravenous tri-weekly IEP
chemotherapy. After the second course of chemotherapy, she demonstrated a complete clinical response.

Conclusion. Although this type of tumor is quite aggressive and chemotherapy is generally not considered to be effective, IEP chemotherapy

may be useful in the treatment of MRT of the ovary.
© 2007 Elsevier Inc. All rights reserved.

Keywords: Malignant thabdoid tumor; IEP chemotherapy

Introduction

Malignant rhabdoid tumors (MRTs), consisting of renal and
extrarenal rhabdoid tumors, are uncommon and have an
extremely poor prognosis due to their rapid growth and tendency
to metastasize early. Extrarenal rhabdoid tumor has been
reported to occur in various sites throughout the body. The
most common site of extrarenal rhabdoid tumors is the central
nervous system, whereas ovarian cases are extremely rare with
only two previous case report [1,2]. These tumors are aggressive
and respond poorly to therapy. In general, chemotherapy does
not appear to be effective and only a surgical extirpation is con-
sidered to offer a chance for controlling this disease. We herein

* Corresponding author. Department of Obstetrics and Gynecology, Niigata
University School of Medicine, 1-757 Asahimachi-dori, Niigata 951-8510,
Japan. Fax: +81 25 227 0789.

E-mail address: yahatat@med.niigata-u.ac.jp (T. Yahata).

0090-8258/$ - see front matter © 2007 Elsevier Inc. All rights reserved.
doi:10.1016/j.ygyno.2007.01.013

describe the third patient with MRT of the ovary, who effectively
responded to chemotherapy with ifosfamide, epirubicin, and
cisplatin.

Case report’

A 19-year-old gravida 0 para 0 woman presented with a 2-
month history of abdominal distension. A pelvic examination
revealed a large pelvic mass and an abdominal computed
tomographic (CT) scan and magnetic resonance image showed a
14x 12 10 cm sized lobulated mass in the pelvic cavity with
massive ascites. Her laboratory studies including tumor markers,
AFP, CEA, CA19-9, and SCC, were all within normal limits
except elevated CA 125 level (875 U/ml). During the operation, a
solid right ovarian tumor, measuring 14 c¢m in diameter, and
enlarged paraaortic lymphnodes were noted. The left ovary,
uterus, omentum, and pelvic lymphnodes were unremarkable.
The patient underwent an abdominal total hysterectomy,
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Fig. 1. Histopathology slide of the ovarian tumor showing diffusely infiltrating
tumor cells in sheet-like alveolar structure (hematoxylin and eosin stain, original
magnification x 100). The tumor.is composed of round-shaped to pleomorphic
atypical cells demonstrating large nuclei with prominent nucleoli (inset, original
magnification x400). :

A

Fig. 2. CT scans showing a pelvic mass and paraaortic lymphnode swelling
before IEP chemotherapy. (A) The 8 cm sized pelvic mass (white arrows) (B)
and swelling of the paraaortic lymphnode (white arrow).

bilateral salpingo-oophorectomy, and pelvic and paraaortic

lymphadenectomy. Intraoperative pelvic washing cytology was

positive. Although the tumors were completely resected,

metastasis to the paraaortic lymphnode was confirmed by~
postoperative histology and she was thus diagnosed to have

stage IIc ovarian carcinoma.

A histologic examination revealed a right ovarian tumor «
consistent with a malignant rhabdoid tumor (Fig. 1). The tumor
is composed of round-shaped to pleomorphic atypical cells
demonstrating large nuclei with prominent nucleoli, and
abundant eosinophilic cytoplasm in which hyaline globular
inclusions are conspicuously associated. Mitotic figures are
frequently observed and lymphatic permeation is moderately
observed. An immunohistochemical study revealed the tumor
cells to be diffusely immunoreactive for vimentin, a common
mesenchymal marker, and focally positive for cytokeratin
markers, CAMS5.2 (mixture of CK8, 18, and 19) and AE1/AE3
(mixture of CK1 to 8, 10, 14, 15, 16, and 19). No tumor cells
were immunoreactive for striated muscular markers (HHF3.5,
MyoD1, Myogenin, Myoglobin) or smooth muscular markers
(HHF35, SMA, Desmin).

A

B G 1500 B

Fig. 3. CT scans after a second course of [EP chemotherapy. (A) The pelvic mass
completely disappeared. (B) The swelling of paragortic lymphnode completely
resolved.
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Although no consistently effective regimen for MRT has yet
been reported, we decided to initiate adjuvant chemotherapy
because the case was advanced with extremely poor prognosis.
Finally, the patient and her family decided not to have adjuvant
chemotherapy and instead requested careful observation for any
recurrence. Two months after surgery, an abdominal and pelvic
CT scan showed an 8 cm-sized pelvic mass, enlarged paraaortic
and right internal iliac lymphnodes, and small disseminated

Table 1

263

masses in the abdomen (Figs. 2A, B). The treatment was
initiated with intravenous tri-weekly [EP chemotherapy (ifosfa-
mide (1.5 g/body x 5 days), epirubicin (50 mg/m?x | day), and
Gisplatin (70 mg/m®>x1 day)). After the first course of IEP
chemotherapy, the pelvic tumor decreased by —30%. After the
second course, an abdominal and pelvic CT scan showed a
complete resolution of the recurrent pelvic tumor, lymphnodes,
and peritoneal dissemination (Figs. 3A, B). The CA125 level

Malignant rhabdoid tumors of the female genital tract: summary of the reported cases

Case Primary Age Surgery Stage Site of Recurrence (site Chemotherapy Radiation Prognosis Reftrence
site z:::(t)assi;s at (months after surgery)) Regimen Response Response
l Vulva 19  Radical I - Vulva (26 m) - - - NED Perrone
resection, (38 m)
ILD
2 Vulva 31 Widelocal I - Vaulva, lung, liver, Adriamycin, cytoxan, PD SD DOD Perrone
excision, retroperitoneal node vincristine, dacarbazine (11 years)
ILD (35 m)
3 Vulva 25  Excision I - - Regimen: NA NE - NED Igarashi
@ m
4 Vulva 30 Widelocal I - Vulva, lung (2 m) Adriamycin PR - DOD Perrone
excision (8 m)
5 Vulva 39  Radical I - Inguinal, pelvic, Cisplatin, etoposide PD PD DOD Lupi
resection, paraaortic lymphnode (6 m)
ILD 3 m)
6 Vulva 40  Local It - Vulva (1 m) - - NE NED Brand
excision : (61 m)
7 Vulva 49  Local It - Vulva, pubis (1 m) Regimen: NA NA - DOD Matias
excision (9 m)
8 Vulva 63  Radical Il - - - - NE NED Tzilinis
resection, (30m)
ILD
9 Vulva 44  Radical IVb  Inguinal Vulva, inguinal Etoposide PD NE DOD Sert
resection lymphnode, lymphnode (2 m) (7 m)
tung
10 Uterine 39 TAH, BSO, Ic - Lung, liver, - - NE DOD Cattani
body PLN, PAN abdomen (12 m) (17 m)
11 Uterine 49 TAH,BSO IIIb  Dougras pouch, Peritoneum, liver - - PD DOD Gaetner
body vagina (3 m) (4m)
12 Uterine 37 TAH,BSO, Illc  Ovary, pelvic Abdomen, parazortic  Cisplatin PD - DOD Hseuh
body PLN, PAN and parasortic  lymphnode (2 m) (4 m)
nodes .
13 Uterine 46 TAH,BSO IVb Lung, liver Vagina (1 m) Ifosfamide, adriamycin, NA - DOD Cho
body etoposide, vincristine, (<12m)
. cyclophosfamide
14 Uterine 56 TAH, BSO, IVb  Pelvic wall, - Ifosfamide, etoposide ©~ NA - Alive Niemann
body tumor - sigmoid colon, (7 m)
debulking omentum
15 Uterine 72 SH,BSO, [Vb  Peritoneum - - - - NED Levine
body tumor (6m)
debulking
16 Ovary 18 RSO I - Abdomen, retrostemal  Ifosfamide, etoposide PD - DOD Leath
and retroperitoneal Qm) -
nodes (1 m)
17 Ovary 36 TAH,BSO IV Lung - - - - DOC Stastny
(2 weeks)
# Ovary 19 TAH,BSO, Illc  Paraaortic Abdomen, paraaortic Ifosfamide, epirubicin, CR SD AWD
PLN, PAN lymphnode, lymphnode (2 m) cisplatin (18 m)
cul-de-sac

#: present case; BSO: bilateral salpingo-oophorectomy; TAH: total abdominal hysterectomy; SH: supracervical hysterectomy; PLN: pelvic lymphadenectomy; PAN:
paraaortic lymphadenectomy; CR: complete response; DOD: died of disease; PR: partial response; DOC: died of complications; SD: stable disease; AWD: alive with
disease; PD: progressive disease; NED: no evidence of disease; NA: not available; NE: not evaluable; ILD: inguinal lymphadenectomy.
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returned to normal. She was treated with a further two courses
of IEP chemotherapy. Her subsequent course was discontinued
because she refused any further therapy due to severe nausea.
She was clinically disease-free until 9 months following
treatment, when enlarged paraaortic lymphnodes were detected
by a CT scan. The patient underwent combination chemother-
apy with only ifosfamide and cisplatin (she refused the
inclusion of epirubicin because of anxiety for nausea). After
the third course of the chemotherapy, sacral bone metastasis was
found and a total 60 Gy of palliative irradiation was given. She
is still alive with stable disease 18 months after the surgery.

Discussion

MRT was first described as a distinctive, highly malignant
round cell neoplasm of the kidney in children. Those tumors are
aggressive, are often widely metastatic at diagnosis, thus
responding poorly to therapy, and they are uniformly fatal,
except for localized disease. The diagnosis is based on light
microscopic findings with supportive immunohistochemistry.
The term “rhabdoid” refers to a histological resemblance to
rhabdomyoblasts, although muscle markers are absent. Malig-
nant extrarenal rhabdoid tumors are subsequently recognized
and they have been reported to occur at various sites throughout
body, such as the central nervous system, orbit, tongue, gum
margin, esophagus, stomach, liver, colon, bladder, soft tissue,
and extremities. The prognosis of extrarenal disease is also
extremely poor similar to renal disease. ,

MRT in the female genital tract is rare, with only nine
cases of the vulva [3-9], six cases of the uterine corpus [10-
15], and only two cases of the ovary [1] being reported so
far (Table 1). The initial treatment was surgery in all cases
and 10 out of 14 completely resected cases the tumor
recurred rapidly i.e., within 3 months, including present case.
The most frequent recurrent pattern was local recurrence in
cases of vulvar MRTs. The common recurrent sites were the
pelvic and paraaortic lymphnodes and the lung. In 10
patients salvage chemotherapy was given for residual or
recurrent tumors. The chemotherapy regimen tends to vary in
each case including adriamycin, ifosfamide, cisplatin, etopo-
side, and others. All patients whose response was described
in the report had progressive disease except for one partial
response in a vulvar MRT patient. Seven patients received
radiotherapy but it did not appear to be of any benefit.
Eleven out of the 17 patients reported to date died with
recurrence and systemic metastases (one case died of
complications after surgery), and 9 of those died within 12
months of the diagnosis.

Primary ovarian cases are extremely rare, with only two
cases previously reported in 18- and 36-year-old women [1,2}.
The former case was stage I and the tumor was completely
resected at the surgery. Shortly after the surgery, a recurrent
tumor was detected in the pelvis, cul-de-sac, omentum, and
retroperitoneal lymphnode. Combination chemotherapy with
ifosfamide and etoposide for recurrent tumors was initiated;
however, the disease progressed rapidly, and the patient died of
disease 54 days after the initial presentation. The latter case was

stage [V with lung metastasis and the patient died of
complications 2 weeks after surgery.

Because of the small number of cases reported in the
{iterature, no consensus exists regarding the standardized
treatment or combination of treatments to effectively deal
with the disease. In general, only a surgical extirpation is
considered to provide the chance for controlling MRT
because chemotherapy and radiotherapy have been minimally
beneficial.

The surgical management of young patients with an ovarian
mass can be complex because of concern regarding the
preservation of fertility. In our case, the patient and her family
desired standard management of her ovarian cancer; as such,
she underwent an abdominal total hysterectomy, bilateral
salpingo-oophorectomy, and pelvic and paraaortic lymphade-
nectomy. Given the progressive nature of the tumor of the
patient described in this report, extensive surgical debulking
should be performed especially in patients with advanced
stages.

Various combination of chemotherapeutic agents, such as
adriamycin, ifosfamide, etoposide, and cisplatin, have been
tried in advanced or recurrent cases of MRT in the female
genital tract with little benefit in one case with a brief
response by adriamycin. For renal MRT, Roper et al.
reported a patient who had a complete remission induced by
cisplatin and adriamycin [16]. Our present case is the first
patient to demonstrate a complete clinical response after
salvage chemotherapy for MRT in the female genital tract.
Unfortunately she experienced recurrence, but she has been
able to survive for 18 months after surgery, which is a
relatively better prognosis than that of the previously
reported cases, Although the best treatment has yet to be
determined, the prognosis might improve if the combination
chemotherapy promptly initiated after surgery.

Based on the results for this single patient, IEP
chemotherapy is thus considered to be potentially useful in
the treatment of MRT of the ovary. Further experience is
needed to confirm that this regimen may indeed result in a
better prognosis.
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Abstract

Bone morphogenetrc proteln 2. (BMP2) is a key factor in the'regulation of osteoblastic’ differentiation; -

however, |ts dowgstream rnedlators are not fully understood Prevnously,’we identified and characterizéd ‘transcription
factor promyelocytlc leukemla zinc finger, protem'(PLZF) ‘composed of an N-tefminal BTB/POZ and C-terminal zinc finger”
mottfs, asan upstream factor of CBFA1 (Runx2/core-b|nd|ng factor 1): PLZF, was indu¢ed in an osteoblastic'differentiation -
medlum, but was not |nduced by -BMP22 Here, we report the identification: of transcription factor fanconi anemia zinc »
finger protem (FAZF), which is closely related t6 PLZFYFAZF was. induced by. BMPZ in human mesenchymal stem cells
(hMSCs). In addition to the full- length FAZF, we'al5o identified alternatlvely spllced mRNAs.in which the C-termtnal zinc -
finger motifs were deleted (designated’ BTB/POZ-only iFAZF). Both the full- length and BTB/POZ-only FAZF mRNAs were
equally.-expressed in:BMP2:treated hMSCs. The full-length FAZF was exclus:vely detected inthe nucleus, whereas the
BTB/POZ-only FAZF-protein wasHocalized in'the cytoplasm of the transfected cells. The full length FAZF, but not the BTB/
POZ-only. FAZF, .increased the, expression. of. osteoblastic differentiation rarkers, lncludrng CBFAT1, collagen 1AT,
osteocalcin,-and alkallne  phosphatase in C2C12 cells. In conclusion; both’ FAZF and PLZF differentially, participate in the
regulatnon of osteoblastlc differentiation via the BMP2 and CBFAY srgnalmg pathways, respectlvely l Cell Blochem 1 01
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Bone.. morphogenetic: ' proteins (BMPS) : are
multi-functional growth factors that belong.to.
the transforming growth factor p.(TGFp) supér-

family [see reviéw' inChen et al.; 2004]}. Signal .

transduction studieshave revealed that Smadi,
5, and 8 are downstream mediators of type I and
II BMP receptors and play a critical role in BMP

signal transduction. Phosphorylated Smadl, 5, -

and 8 proteins form a complex with Smad4 and
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are then translocated into the nucleus Th1s
signaling axis regulates the master. regulators

-of bone cellldifferentiation, such asCBFA1l :

(Runx2/core-binding factor: 1).and: its.down-.-
streamytarget -osterix: [Ducyret -al.;»/1997;"
Nakashima et al., 2002]. Recently; we charac-
terized the roles of promyelotic leukemia zinc
finger (PLZF) inthe.regulation of osteoblastic
differentiation : of human mesenchymal -stem
cells (hMSCs) and C2C12 célls. [Tkeda ‘et al.;:
2005]. In C2C12° cells, the overexpression of -
PLZF increasedithe expression-of CBFA1.'On
the. other hand, the overexpression of CBFA1l
did’ not :affect the ‘expression. of PLZF. These.
findings indicate:that"PLZF plays imiportant
roles in early osteoblastic differentiation as an
upstream regulator of CBFAL. Interestingly,
PLZF nulhzygous mice exhlblted a limb
development defect’ involving ~ all proximal
cartilage condensations in the hmdhmb [Barna
et-al;, 2005). cloe
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Among BMPs, preclinical and clinical studies
have shown that BMP2 can be utilized in
various therapeutic interventions for bone
defects, non-umon fractures spmal fusmn

.....

[Nakashuna and Redd1 2003] BMP2 51gna.lmg
is regulated at different molecular levels, but
the molecular events downstream of BMP2
signaling’ that-result in tissue speécific gene
expression and limb or skeletal development

have been‘only-partially elucidated {Johrison

and Tabin, 1997). Indeed, the expression of
PLZF was unaffected by the additioh 'of BMP2
[Tkeda et al., 2005]. Fanconi anemia zinc finger
(FAZF), a member of the BTB/POZ family of
transcriptional, regulator protemsr, [Stogios.
et al., 2005]; has. the ‘highest known. degree of

homology to.the PLZF protein and.has.been .
shown tobind toboth PLZF and Fanconi driémia.

complementation group C (FANCC), the-protein
that is defective i in patlents with bone marrow
failure syndrome [I-Ioatlm et al.,, 1999). FAZF is
expressed at hlgh levels i in the early stages of |
dlﬁ'erennatlon but dechnes dunng subsequent
d1fferent1atlon into erythrmd and mye101d
hneages and the enforced expressmn of FAZF
of the cell cycle followed later by apoptos1s [Dal
et al., 2002]. These results suggest an essential
role for FAZF during the proliferative stages
of primitive hematopoietic progenitors; how-
ever, its precise roles in other forms of cell
‘differentiation remain unknown: . .. .

.In the present.study, we focused on-charac--

terizing the roles of . FAZF in"BMP2-induced
osteoblastic differentiation. The upregulation of
FAZF; but not of PLZF mRNA expression, was:
observed - during. BMP2:iriduced osteoblasti¢
differentiation. Moreover, "an alternatively
spliced . form .of FAZF, which lacked.:three

C-terminal C2H2 zinc finger motifs, was also -

induced by !BMP2 treatment but  did not
increase the expression of ostéoblastic differ-
entiation markers.:.These results suggest that
FAZF activity may be linked to a transcriptional
regulation pathway. .. inyvolved' 'in » BMP2-
regulated osteoblastlc d1fferent1atxon

U

. MATERIALS AND METHODS
' Plasmld Constructlon \';

Full- length (1-487 amino acid- resxdues)
and C-terminal zinc finger motifs-deleted FAZF

: +.1keda et al.-

(1-293 amino acid residues) cDNAs were
amplified using PCR and the following primers:
5'- -cggaattegeegecatgteectgeeececataagactgeeca-

o ge-3, 5’-cccaagcttctgttcccgccagacctcctgccaggct-
cc-3’, and 52 cccaagcttggtggtggaggaagaa-gga-
i caacagggaga-3” - Human' < Universal . QUICK-
"Clone II (Clontech) was used as a c¢cDNA

template. The resulting PCR .products were
dlgested using EcoRI/HdeII and subcloned

" intoa pCMV-Tag 4A vector (Stratagene) which

contains ‘a C-terminal Flag tag, sequencmg

R analyses were then performed

LA e 1
€

Cell Culture and Transfec‘tlons
hMSCs, purchased from BioWhittaker (Walk-

ersville, MD), “and mouse plurxpotent mesench—
ymal ] precursor cells (C2C12y were cultured in

‘Dulbeccos modified’ Eagles medlum (DMEM):

conta.lmng 10% fetal bovme serum (FBS) and'

“an ant1b10t1c/ant1mycot1c solut1on (100 U/ml
_pemclllm 100 pg/ml streptomycm and 250 ng/
...ml amphotericin B) (Sigma). The . osteogenic .
. differentiation (OS) medium has been previously-
-described [Tkeda et al.; 2005). Human recombi-

nant BMP2 was purchased from Sigma. The-

"C2C12 cells were transfected with pCMV-Tag*
"4A expression ‘vectof - contaJmng FAZF ' with

lipofectamine 2000 After ' 48 'h, 'the cells

were harvested’ and subjected to' RT-PCR or
i

immunohistochemistry analyses.

RT-PCR -

Total cellular RNA" was extracted using ‘a
Trizol reagent according:to the manufacturer’s
instructions.” RT-PCR’ was performed using
a'.. SuperSeript .:One:Stép:: RT-PCR  system
(Inwtrogen).vnth gene specific primers, accord-
ing to the manufacturer’sinstruction. Reactions -
containing the total RNA (500 ng of each),’
0.2 mM of dNTPs, 0.2 uM of each primer, an
enzyme mixture composed of SuperSeript II:
reverse transcriptase and Platinum Taq DNA
polymerase, and a reaction buffer composed of
1.2 mM MgSO, were incubated at 50°C for
30 min and than at by 94°C for 2 min; PCR was
then-performed as follows: 30 cycles of 94°C for
15 sec, 55°C for 30 sec; and 70°C for 1 min. The
primer sets for the RT-PCR reactions were'
desxg‘ned based on human and mouse sequences.
in GenBank as follows: human’ FAZF 5'-acagge- -
geacttgecaacctgtg-3'- and 5'-gcatgtgegectgeatg-
gagge-3'; human FAZF (forward primer
in exon 2 and reverse primer in exon 5),
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5 -cagcctgccctgtggagcatcctgctgatg—3’ and 5'- gca-
cgcatagggccgagaccgagcaggagg—3 “human PLZF,
5'- tctcaaacgccacctgcgctcacat-3’ and © 5'-cactgg-
cagggcgaggegeigttgt-3'; mouse CBFAL, 5'-accte-
tgacttctgcctctggc-3’ and- 5’-atgctgacga-agtacca-
tagta -3'; mouse-ALP, 5’-accttgactgtggttactgctg—
~-and " 5’-gacgccgtgaagcaggtgtgcc—3 ' mouse -
collagenlAl 5’-cctggtgaatctggacgtgagg-3’ and
5’-gaccagagaagccacgatgacc-3’ -mousé osteocal-
cin, 5’-agg'tagtgaacagactccggcg—3’ ‘and- 5ctggte-
tgatagctcgtcacaa—3 human GAPDH;- 5'-agaa-
catcatccctgcctctactgg—3’ and 5’-aaaggtggaggagt- :
gegtitegetgtd'; and mouse GAPDH, 5'-cegectgga- -
gaaacctgccaag-3’ “and’ 5’-ggatagggcct—ctcttgctc-
ag-3' Stk wen Jooni s i b o U et s D

bovdat P entypengs i

Measurement of Alkalme ) .
Phosphatase (AI.P) Actwnty e

ALP activity was hlstochemlcally measured !
using staining kit No. 85L-3R (Sigria). Bneﬂy,
cells were fixed with citraté-bufferéd acetone for
30 sec followed by washing with deionized water
for 45 sec; the ‘cells were then incubated with
an alkalme—dye mixture for '30‘min at room
temperature in the dark. - s (. e
- Immunoﬂuolrescent Stalmng :

Cells cultiired: on ‘cover ‘slips’ ‘were washed '
twice with phosphate-buffered saline (PBS) and !
fixed with 2% paraformaldehyde for' 20 min’at
room température. After washing three times -
with PBS, the cells were permeabilized with
0.3% Triton-X100 for 10 rhin at room tempera: -
ture: After blocking with 3% skim milk in PBS -
for 30 min; the cells were incubated for 1 h with
anti‘Flag'monoclotial antibody diluted 1:100 in -
PBS containing :3%' skim ‘milk:After washing -
threé times with PBS, the cells were.incubated --
for 20 min with Cy5- or Cy3-conjugated anti-
mouse sheep IgG diluted 1:100 in PBS contain-
ing 3% skim milk. The cells were then washed
three times with PBS, and the unmunolocahzal
tions patterns were examxned usmg ﬂuores- ’

cence mlcroscopy (Olympus)

oo c1s L

e RESULTS

Identlf' cation of FAZF asa BMP2-Induced
but not an Osteogemc Differentiation (OS)
Medium-Induced, Transcrlptlon Factor During’

. Osteoblastic leferentlatlon :

Prevxously, we identified PLZF as an OS"
medium (0.1 pM' dexamethasone; 0.05 mM
ascorbic acid-2-phosphate, and 10 mM B-glycer-

" Fig. 1.
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ophosphate)-induced transcription factor that”
was active during osteoblastic differentiation
(Ikeda et al., 2005].. We then asked whether
FAZF, the most closely related known protein to -
PLZF [Lin et al., 1999], could be induced during
osteoblastlc dﬂferentlatlon To  answer this:
question, . we first treated hMSCs with OS.
medium, smce hMSCs differentiate into osteo-
genic cells in"'the presence of OS" medmm
[Pittenger et al., 1999). Treatment of the hMSCs
with OS medmm for 6 days greatly increased
ALP activity (Fig. 1A). Total RNA extracted
from the hMSCs on days 0:and 2 of the OS.
treatment ‘was then: subjected to"'RT-PCR
analysxs Consequently, we observed that the '
mRNA expressmn of PLZF but, ot of FAZF
was. upregu]ated durmg the early ‘stage of,,
osteogenic differentiation (Fig: 1B). .o
Next, we tested whether BMP2 could mduce
FAZF mRNA expression in hMSCs. BMP2 is
known to play important roles in bone formation
and osteoblastic differentiation [Yamaguchi
et “al,’'1991; Katagiri et- al, 1994] and;:
moré specifically, to induce CBFA1 expression -
[Lee et -al., 2000]. Several ‘studies have shown"
that "BMP2 induces-hMSCs''to differentiate
into osteoblastic -cells: [Katagiri et al., 1994;
Lee et al., 2000] In our assay, ALP act1v1t1es
were enl;aneed_ by BMP2  treatment in; a

..'N -

-

ALP activity (intensity) >

(&)

Expressnon of PLZF and FAZF durmg the OS medlum-
induced osteoblastic differentiation of hMSCs. A; ALP activity in”
hMSCs. Cells were cultured in medium with or without OS for
6 days. ALP staining was performed as described in the Materials
and Methods section, and the intensity was determined using an .
NIH imager. Experiments were performed at least threetimes; lhe .
mean and SD are shown. B: Expression of PLZF and FAZF in
hMSCs after OS treatment, Cells were cultured for 48 h in the
presence or absence of 05. Total RNA was extracted, and RT-
PCR was'performed using GAPDH as a standard. '
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osteoblastic differentiation of h(MSCs. A: hMSCs were cultured in |

the presence or.absence.of BMP2 {0100 ng/ml), Six days later, ,

ALP actlvny ‘was determmed by ALP stammg, as described in
Figure 1A B: hMSCs were cultured inthe f preserice or abserice of
BMP2 (10 of 100 ng/ml) Total RNA was extracted after-72 h of -
treatment, and the -expression "of PLZF, FAZF, and GAPDH
mRNA was examined using RT-PCR. . . - . RN

0 - - _',’ .

dose-dependent ma.nner (Fig. 2A). Sur‘prisingly,‘ :

BMP2 enhanced the expression: of ' FAZF,
but not of PLZF (Fig. 2B). These results suggest.

that PLZF and FAZF are differentially involved -
in the regulation of osteoblastic differentiation.

Full- Length FAZF, bt not Zinc Fmger
MotifsDeleted (BTB/POZ Domam-Only) FAZF,
" Increased the Expression of Osteoblastic
Differentiation Markers

The predicted full-length FAZF cDNA
{RefSeq no. NM_014383) is 1,960 base pairs

long and encodes a 487-amino acid protein [Lin ..

et al., 1999]. In the course of constructing an
expression vector containing the full-length”’
open readmg frame FAZF cDNA, we acciden: -
tally identified two mRNA sphcmg variants.
(hereafter called variant 1 and 2). Sequencing
analyses revealed that the novel cDNAs were -
derived from .. alternatlve sphcmg, resulting
in .out-of- frame transcrxpts (see Fig. 3A and
discussion below). As illustrated in Figure 3B, -
FAZF shows a substantial degree of homology to
PLZF throughout the entire region, except for
the number of zinc finger motifs located in
the C-termihus [Lin et al., 1999]. The full-
length FAZF consisted of six exons, and exons
2—-6 were translated into wild-type FAZF
protein (Fig. 3C). FAZF has two characteristic
domains, a BTB/POZ domain encoded by exon 2
and a region contammg thrée zinc finger motifs
encoded by exon 6. The BTB/POZ domain acts as
a specific protein-protein interaction domain

.Expression of PLZF and FAZF durmg BMP2-induced -

. lkeda et al. .

[Stogios et al.; 2005]. On the other hand, the
C-terminal PLZF-hke CZHZ .zinc. fingers - are
known to bind_to the, TGTACAGTGT ‘motif
located at the; upstream flanking sequence of
the. Aiel gene [Tang et al., 2001]. An earlier
report .- identified.. an altematlvely spllced
isoform, that lacked exon 4 but transcribed the
n-frame regions. between exon 1+2+3 and .
exon 5+ 6, resulting in a 474-am1no-ac1d that
was virtually the same as the wild-type FAZF
protein [Lin et al., 1999]. We called th1s protein
wild-type 2, and the full-length FAZF protein..
will hereaﬁer be- referred to as w11d-type 1
(Fig. 30). On the other hand, exon 3 of variant 1
and exons 3+ 4 of variant 2 are altematlvely
spliced-out (not transcribed into mRNAs),
resulting in the'appearance of 'stop" codons in
exons 4 and’'5, ‘respectively:’ The resulting
proteins. are . <311- and - 302-amino  acids: for
variants'1l and. 2, respectively. These variants
lack the C-terminal zinc finger motifsbut have a,
distinct C-terminal tail (Fig. 3A). - :
To substantiate;the .expression, patterns of
full-length .and BTB/POZ-only FAZE during.
osteoblastic differentiation,-we performed.an

" RT-PCR analysis using mRNA from hMSCs

treated with® BMP2' (100 *ng/ml)}” For this
purpose, primers::for exons, 2. and 5 .were
designed :(see Fig.. 3C). This enabled: us to
distinguish mRNA species; namely, PCR ampli-,
fication resulted in a 351-bp product for the full- .
length mRNA (wild-type 1,exon2+3+4+5),a .
282-bp product for the wild-type 2mRNA (exon
2+ 3+5),.a 277-bp product for variant 1 (exon

2 +4.+5), and. a.208-bp product for variant 2 ,.
(exon 2 + 5). After three days of incubation with
BMP2, two. major bands smaller. than 350-bp :
were, equally :amplified (Fig: 13D). .Sequencing; -
analyses showed that the faster and slower
migrating ‘bands corresponded “to variant 2.
(208-bp) . and : wild-type 2 (282-bp)/variant 1
(277-bp), respectively. These results suggested
that BMP2 induced. both .wild-type FAZF and
BTB/POZ-only FAZF during the BMP2-induced
osteoblastic differentiation of hMSCs.

To determine the cellular localization of full-
length and BTB/POZ-only FAZF, we trans-
fected C2012 cells with a control vector or an
expressmn vector encoding full-length or BTB/
POZ-only FAZF c¢DNA. Aﬂ:er 48 h, ‘the cells
were fixed and’ visualized usmg fluorescence

- microscopy. Full-length FAZF was exclusively

detected in the nucleus, whereas BTB/POZ-only
FAZF protein was localized in the cytoplasm of



