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PAXS is transcribed aberrantly in cervical tumors and
derived cell lines due to complex gene rearrangements
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Abstract. The transcription factor PAX8, a member of the
paired box-containing gene family with an important role
in embryogenesis of the kidney, thyroid gland and nervous
system, has been described as a biomarker in tumors of the
thyroid, parathyroid, kidney and thymus. The PAXS gene gives
rise to four isoforms, through alternative mRNA splicing, but
the splicing pattern in tumors is not yet established. Cervical
cancer has a positive expression of PAXS; however, there
is no available data determining which PAXS isoform or
isoforms are present in cervical cancer tissues as well as in
cervical carcinoma-derived cell lines. Instead of a differential
pattern of splicing isoforms, we found numerous previously
unreported PAX8 aberrant transcripts ranging from 378 to
542 bases and present in both cervical carcinoma-derived cell
lines and tumor samples. This is the first report of PAXS8 aber-
rant transcript production in cervical cancer. Reported PAXS
isoforms possess differential transactivation properties; there-
fore, besides being a helpful marker for detection of cancer,
PAXS8 isoforms can plausibly exert differential regulation
properties during carcinogenesis.

Introduction

The paired-box (PAX) family, initially described in Drosophila
but highly conserved among vertebrates, encompasses nine
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DNA-binding proteins that function as transcription factors.
PAX proteins share a common structure: a DNA-binding
paired domain (PAired boX, hence the name of the family),
a PST homeodomain and an octapeptide; genes from this
family differ in the length of the first two and the presence or
absence of the last domain. During development, PAX genes
are expressed in different regions of the forming embryo, thus
they constitute important gene expression regulators (1,2).
PAXS has a fairly well understood role in development: it is
associated to morphogenesis of the kidney, thyroid gland and
nervous system (3,4), and its expression is regulated by alterna-
tive splicing (5).

The PAX8 gene, located at 2q13 and spanning 63 kb, is
transcribed, processed and translated to give rise to six reported
mRNAs: the originally described PAX8A, B, C, and D, which
are in turn translated to the corresponding protein isoforms (6),
and a more recently described transcript, PAXS8F, that shares
the PAX8A ORF and bears an extended 5'UTR (7). The exis-
tence of PAX8B has been questioned and its GenBank entry
(NM_013951.3) is currently suppressed. All PAXS8 isoforms
bind DNA with similar affinity; however, PAX8A and PAX8B
display higher transactivation potential (6).

Recent studies suggest a role for PAXS in carcinogenesis
that makes it a biomarker candidate; still, more studies are
necessary to completely understand this role. So far, PAX8
has been associated to important cancer processes such as
Retinoblastoma/E2F1 transcription (8,9) and telomerase
activity (10). Another study recently showed that by inhibiting
PAX8 expression with shRNAs in ovarian cancer cell lines,
their viability diminished (11); this suggests a direct involve-
ment of PAXS8 in cell proliferation which, in turn, could
represent a potential therapeutic target.

An important fact that links PAXS to carcinogenesis is
the PAX8/PPARYy genetic rearrangement found in 30-35% of
follicular thyroid carcinoma and up to 10% of follicular thyroid
adenoma (12-14). Hence, t(2;3)(q13;p25) fuses the promoter
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and 5-coding portion of the transcription factor PAXS8 that
involves DNA binding domains to the full-length coding
sequence of the nuclear receptor peroxisome proliferator-
activated receptor-y 1 gene (15).

As a biomarker, PAX8 is frequently detected in epithelial
tumors of the thyroid, parathyroid, kidney, thymus and female
genital tract (16,17). In thyroid tumors, PAXS8 overexpression
has been found in follicular and papillary adenomas and carci-
nomas (16,18,19). Wilms' tumors and nephrogenic adenomas,
among other renal tumors, show PAXS8 overexpression
owing to its role during renal organogenesis (20-22). PAXS-
expressing oviduct cells have been pointed out as the probable
origin of ovarian and endometrial cancers, rendering PAXS8
as an early gynecological cancer marker, associated with
poor disease outcome (23,24). Only few groups have reported
PAXS8 overexpression in cervical cancer employing distinct
methodologies (25-27).

A genome-wide search for PAX8 binding sites using
ChIP-Seq technology was recently carried out on thyroid
cells. The authors identified binding sites that show that PAXS8
regulates genes involved in cell proliferation and differentia-
tion, as well as binding sites located in non-promoter regions,
including introns, that hint to a role as a distal transcriptional
regulator (28). However, none of the aforementioned reports of
PAXS as a tumor marker or functional PAXS studies specify
whether its results concern any particular PAXS isoform; there-
fore, we set out to investigate which isoform or isoforms were
expressed in a set of locally advanced cervical tumor samples
compared to normal cervical tissues. PAXS8 isoforms could
possibly activate different genes contributing to carcinogenesis,
given their different in vitro transactivation properties (6).

We had hypothesized that, since splicing is highly altered
in cancer (29), we would find a particular PAXS8 splicing
pattern in cervical carcinoma tumor samples and cervical
carcinoma-derived cell lines, but RACE experiments revealed
the expression of previously unreported aberrant transcripts
instead. We also found evidence hinting of a complex gene
rearrangement in the genomic DNA from the cell lines,
providing a possible explanation for these transcripts. To
our knowledge, this is the first study showing that PAXS8
gene undergoes complex rearrangement processes that could
contribute to establish the CC tumor phenotype.

Materials and methods

Expression data

Tissue samples. Patients were prospectively enrolled into
the National Cancer Institute of Mexico (INCAN) tumor-
banking protocol at the time of diagnosis. All patients
included accepted and signed informed consent; institu-
tional ethics and scientific board committees approved the
protocol. Immediately after punch biopsy, tumor samples
were split into three pieces, one for the pathologic confirma-
tion of at least 80% of tumor cells, mandatory for this type
of molecular profiles, and the remaining two for RNA and
DNA isolation. RNA and DNA biopsies were frozen in liquid
nitrogen until nucleic acid extraction. Eligibility criteria
were i) patients with a confirmed pathologic diagnosis of CC
staged IB2 up to IIIB (LACC); ii) biopsies with pathology
report with >80% of tumors cells; hence, the genomic

LOPEZ-URRUTIA et al: PAX8 GENE PRODUCES ABERRANT TRANSCRIPTS IN CERVICAL CANCER

analysis is mainly addressed for tumor cells; iii) age greater
to 20 and less than 60 years; iv) high-quality DNA and RNA;
v) no presence of comorbidities; vi) and without previous
oncological treatment.

Healthy cervical tissues were obtained from patients who
had undergone hysterectomy by uterine myomatosis. Inclusion
criteria were: 1) no previous cervical surgery (such as the loop
electrosurgical excision procedure or cone biopsy), ii) no HPV
infection, iii) no hormonal treatment, and iv) at last three
previous negative Pap smears.

PAX8 mRNA expression. We designed two sets of primers,
one for detection of PAXS8 exons 3-4 and another for
exons 10-11 in the mRNA (NM_003466.3; see Fig. 1). RNA
was extracted from 18 tumoral and 20 healthy, HPV-free,
cervical tissue samples using the TRIzol reagent (Life
Technologies cat. # 15596-026), following the manufacturer's
recommendations. Its integrity was verified through agarose
gel electrophoresis and it was quantitated by spectropho-
tometry (OD260/280>1.9). For first strand synthesis, we
mixed 500 ng RNA, 0.5 mM dNTPs, 10 mM DT, 1X First-
strand buffer and 180 ng random hexamers, heated them to
42°C for 2 min; then we added 200 units of SuperScript 11
reverse transcriptase (Invitrogen cat. #18064-022) and incu-
bated the reaction for 50 min at 42°C, followed by 15 min at
70°C. The resulting cDNAs was probed for DNA contamina-
tion by performing no-RT assays. Quantitative PCR (QPCR)
reactions were performed in triplicate using LightCycler® 430
SYBR Green I Master Mix (Roche, cat. # 04 707 516 0081)
in the LightCycler 480 instrument, following the manufac-
turer's recommendations (40 amplification cycles, Tm 58°C).
End-point PCR was performed using the PCR Master mix
2X (Thermo Scientific, cat. #K0171) 0.5 uM de cada primer
(35 cycles, Tm 56°C).

Western blotting. Total proteins were extracted from 80-85%
confluent cell cultures. Culture media was removed and cells
wererinsed twice with PBS, scraped off from culture dishes,and
lysed using the RIPA lysis reagent (Santa Cruz Biotechnology)
following the manufacturer's recommendations.

Total protein (50 pg) was mixed with Laemmli sample
buffer, boiled, separated in 12% or 15% SDS-PAGE and trans-
ferred onto a Hybond-P PVDF membrane (Amersham-GE
Healthcare). Membranes were probed overnight using a 1:500
(v/v) dilution of the appropriate antibody; for detection, 1:2500
(v/v) dilutions of HRP anti-rabbit or anti-mouse conjugate
antibodies (Santa Cruz Biotechnology) were used. Finally,
using the SuperSignal WestFemto chemiluminescent substrate
(Thermo Scientific), the membranes were scanned in the
C-Digit blot scanner (Li-Cor) and the images were analyzed
in the associated ImageStudio software (LiCor). Membranes
were stripped and re-probed for actin detection as a loading
control. The commercial antibodies used were anti-PAX8 (Cell
Signaling Technology #9857) and anti-f§ actin (SantaCruz
Biotechnology sc-1616). A representative image from three
independent experiments is shown.

RT-PCR, 5' RACE and Exon PCR.DNA and RNA were isolated
from tumor samples or from the CaSki (ATCC, CRL1550) and
SiHa (ATCC, HTB35) cells grown to approximately 80-85%
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Table I. Primers used for 5' RACE and Exon PCR experiments.

Name 5'-3' Sequence Nt position

Primers for 5' RACE

1 5' RACE adapter GCU GAU GGC GAU GAA UGA ACA CUG CGU UUG NA
CUG GCU UUG AUG AAA

2 RACE Outer primer GCT GAT GGC GAT GAATGA ACACTG NA

3 RACE Inner primer CGC GGATCC GAACACTGC GTTTGC TGG CTTTGA TG NA

4 PAX8UTR3'RV AGT CCT CCT GTT GCT CAG TCG CT 1561-1539*

5 PAX8 RV CTA CAG ATG GTC AAA GGC CGT 1519-1499*
Primers for RT-PCR

1 PAX8 FW ATG CCT CAC AAC TCC ATC AGA 167-187*

2 PAX8 RV CTA CAG ATG GTC AAA GGC CGT 1519-1499°

3 GAPDH FW CCT CAA GAT CAT CAG CAATGC CT 617-639°

4 GAPDH RV TCA CGC CAC AGT TTC CCG GAG 781-761°
Primers for Exon PCR

6 PAXS8EX1Fw GAT GCA GGC ATC GAATCTC 399-417¢

7 PAX8EX1Rv ACG CTC TCG AGATCCAACC 639-621°¢

8 PAXS8EX2Fw ATC CCC ACC CAAACTCCTAC 64185-64204°

9 PAX8EX2Rv TCA GCT GGA GAA GTC AAG CC 64468-64449°
10 PAXS8EX3Fw TGT CTA AAG ACC CCA CCT GC 66487-66506°
11 PAX8EX3Rv AGC CAG GCCTTTCTT GTC TC 66824-66805°¢
12 PAXS8EX4Fw GCC ATG AGT TCT CTT TCC TCC 68332-68352¢
13 PAX8EX4Rv GGT ATG CTG AAG GGG AGG TG 68538-68519¢
14 PAXS8EX5Fw ACT ACC CCAGAGTCACCC AG 68961-68980°¢
15 PAXS8EX5RvV AAA GCC TCAGCAAACTGCTC 69215-69196¢
15 PAX8EX6Fw TTT GGC CTA GAG CAT GAA TAG 69376-69396¢
16 PAX8EX6RvV GAG CAC AGG CTC ATTTGG AG 69692-69673°
17 PAX8EX7Fw CCT AAG ACA CAG GCT CAG GG 74363-74382¢
18 PAXS8EX7Rv AGC CAAGCTCTTCAGTCCC 74620-74602°
19 PAXSEX8Fw CTT GTG CGT GTT CCC TCC 75738-77555°¢
20 PAXSEX8RvV GTC TGC CCT GAG GAC CC 76060-76044°
21 PAXS8EX9Fw AGC CTC AGG AGA GTG AGATG 84030-84040°
22 PAXS8EX9Rv GTC CCA CCT TGC TCC AAT AC 84269-84250°¢
23 PAX8EX10Fw CCT GCATTG ATG CCCTTC 91115-91132°¢
24 PAX8EX10Rv AGG TAA CCT TTG ACC CAC CC 91335-91316¢

NA, not applicable. Nucleotide positions: relative to BC001060, *relative to NM_003466, *relative to NM_002046.5, “relative to NG_012384.

confluence, using the TRIzol reagent (Life technologies)
following the manufacturer's recommendations.

First strand cDNA synthesis was carried out for 90 min
at 42°C. Total RNA (5 pg) was mixed with 1 mM oligo dT,
0.25 mM of each dANTP, 1X First-strand buffer, 10 mM DTT
and 200 units of M-MLV reverse transcriptase (Promega).
This reaction (1 ul) was used as a template for 50 ul PCR reac-
tions for amplification of PAXS transcripts using the PAX8Fw
and PAX8Rv primers (Table I) 0.2 uM each, 25 uM of each
dNTP, 1X Herculase II buffer and 1 unit of Herculase II fusion
DNA polymerase (Agilent).

Amplification conditions were 5 min pre-incubation at
95°C followed by 35 cycles of 20 sec at 95°C, 20 sec at 53°C

and 70 sec at 68°C, followed by a final step of 4 min at 68°C.
GAPDH transcripts were detected as a loading control, using
the corresponding primers (Table I) 0.25 uM each, 0.2 mM
of each dNTP, 2.5 mM MgCI2 and 0.75 units of GoTaq DNA
Polymerase (Promega) in a 25 ul volume. The amplification
conditions were: 5 min pre-incubation at 95°C, 35 cycles of
30 sec at 95°C, 20 sec at 57°C and 20 sec at 72°C, followed by
a final elongation step of 7 min at 72°C.

Rapid amplification of cDNA ends (RACE) was performed
using the First Choice RLM-RACE kit (Life Technologies-
Ambion) according to the manufacturer's protocol. Briefly,
1 ug of RNA from HeLa cells, SiHa cells or tumor samples
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Figure 1. Detection of PAX8 in normal cervix and tissue samples. (A) Diagram showing the positions of the primer pairs used for detection of PAXS8 exon
amplification, along the full-length mRNA. Detailed nucleotide positions are found in Table I. (B) Relative expression of PAX8 exons 3-4 and 10-11 in normal
cervix and tissue sample. Note the differential ratios in both regions. (C) Expression balance between PAX8 exons 3-4 and 10-11 in normal cervix and tissue
sample. (D) PCR products showing higher detection of exons 10-11 in tumor samples, compared to normal cervix.

was dephosphorylated with Calf intestine Acid Phosphatase
(CIP) to remove the available phosphates from rRNA, tRNA,
uncapped and partial transcripts; the cap structure was subse-
quently removed from mature mRNAs with Tobacco Acid
Phosphatase (TAP) so that only these transcripts could acquire
the 5' RACE adapter (Table I) trough ligation with T4 RNA
ligase. Next, a random-primed RT reaction was performed
using M-MLV reverse transcriptase (Promega). The PAXS
transcripts were amplified from the cDNA pool through nested
PCR, the first round was performed using the 5' RACE Outer
Primer from the kit in combination with the PAX8UTR3'Rv
primer, while the 5' RACE Inner Primer and the PAX8Rv
primer were used for the second round (Table I). The resulting
amplicons were resolved in ethidium bromide-stained 2%
agarose gels.

PAXS exons were amplified from genomic DNA with
ad-hoc primers based on the PAXS8 complete sequence
(GenBank Gene ID: 7849; locus NG_012384). These
primers were designed using the ExonPrimer server (ihg.
helmholtz-muenchen.de/ihg/ExonPrimer.html) and are
shown in Table I. PCR was performed using 25 ng gDNA
template, 0.25 yM of each primer, 0.2 mM of each dNTP,
2.5 mM MgCl, and 0.75 units of GoTaqg DNA Polymerase
(Promega) in a 25 ul volume. The amplification conditions
were as follows: 5 min pre-incubation at 92°C followed by
35 cycles of 20 sec at 92°C, 20 sec at 67°C and 30 sec at 72°C,
followed by a final step of 7 min at 72°C. All the resulting
amplicons were resolved in ethidium bromide-stained 1.5%
or 2% agarose gels.

Cloning and sequence analysis. The RACE product bands
were excised from the agarose gels and purified using the
QIAquick Spin kit (Qiagen) according to the manufacturer's
protocol. After purification, the RACE products were cloned
into the pGEM T-Easy plasmid (Promega). Plasmids from
positive colonies were analyzed by restriction; each clone
was sequenced in both chains using universal primers and the
Big Dye Terminator Ready Reaction kit (Perkin-Elmer) and
analyzed in the ABI PRISM 3130x] Genetic Analyzer System
(Applied Biosystems). Sequence information was analyzed
using the CLC Bio Main Workbench (CLC Bio; Qiagen) as
well as the BLAT (genome.ucsc.edu) and BLAST (blast.ncbi.
nlm.nih.gov) algorithms.

In order to search for sequence similarity among clones, we
performed a CLUSTAL alignment and checked it manually.
Based on this alignment, we searched for the most adequate
model of evolution using the FindModel server (http://www.
hiv.lanl.gov/content/sequence/findmodel/findmodel.html), and
the GTR model was selected to perform a maximum likelihood
phylogenetic analysis employing a 1000-replicate bootstrap
analysis. Finally, a tree was constructed using the neighbor-
joining method.

Results

PAX8 mRNA expression. Since splicing events remove exons
8-10 (6), we designed the two sets of primers depicted in
Fig. 1A to assess the PAX8 mRNA expression and integrity.
We amplified independently exons 3-4 and exons 10-11 from
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Figure 2. Immunodetection of PAXS8 in samples from HEK (kidney tumor-
derived), CaSki, and SiHa (cervical carcinoma-derived) cell lines. Actin was
detected as a loading control.

CaSki SiHa no
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| +—PAX8A
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Figure 3. PAX8 ORF amplification. PAX8 alternative ORFs were amplified
from CaSki or SiHa cells with similar results. The band intensities of the
PAX8A/F ORFs remained constant among repetitions while the PAX8C
and PAX8D band intensities varied slightly; a representative experiment is
shown. GAPDH transcript was detected as a loading control.

20 normal cervix samples and 18 cervical tumor samples
and found interesting results: Although overall messenger
expression was lower in tumors (Fig. 1B), the exon 3-4:10-11
ratio (Fig. 1C) was different in tumors when compared to
normal cervical samples; which was more evident upon
agarose-gel separation of the amplicons (Fig. 1D). This
observation suggested the presence of transcripts containing
only the 3'-most end of the PAX8 mRNA that may or may not
correspond to reported splicing products.

PAXS protein expression. In order to detect the PAXS8
isoforms possibly expressed in cervical carcinoma-derived
cell lines, we selected an antibody raised against the carboxi-
terminal region of PAXS, shared by its isoforms. Previously,
PAXS8 has been detected through immunocytochemistry
but current cell imaging techniques are yet to discriminate
between isoforms sharing structural motifs. Consistently
with reported detection in HEK cells, we observed a 50 kDa
band, apparently corresponding to PAX8A in CaSki and
SiHa cells; a 43 kDa band was detected, corresponding to
PAXS8C (Fig. 2). The reported PAX8A and C transcripts bear
exons 3-4 and 10-11, therefore, their presence was not likely
to account for the imbalance between these mRNA regions
in cervical tumors.

PAX8 aberrant transcripts. We next set out to identify the
PAXS transcripts possibly expressed in cervical carcinoma-
derived cell lines at the mRNA level. The 1372-nt PAX8A/F

375
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Figure 4. PAX8 5' RACE results. Final nested PCR from 5' RACE experi-
ments performed with RNA from (A) CaSki, (B) SiHa or (C) tumor samples.

ORF was present in both CaSki and SiHa cells (Fig. 3),
consistent with our protein detection results. The PAX8C
and PAXS8D transcripts were also detected in both cell lines.
However, what really caught our interest were the 400-500 nt
products that we found in both lines, more evident in the SiHa
lane in Fig. 3.

Due to the fact that exons 10-11 were detected at higher
levels in tumor samples, we reasoned there was a population
of transcripts sharing the 3' end of the PAX8 ORF; so we set
up a 5' RACE strategy using a reverse primer located 20 nt
downstream from the end codon (PAX8UTR3'RV, Table I).
We performed two independent 5' RACE experiments from
CaSki and SiHa cell lines (Fig. 4A and B). A single band
of about 450 nt was observed as product from all these
experiments. Furthermore, to rule out the possibility that the
detected transcripts were exclusive to cell lines, we performed
5' RACE experiments on three tumor samples and obtained
similar ~450 bp products from two of them (Fig. 4C). All these
5' RACE products were excised from the gel and cloned into a
T-protruding vector.

We expected to obtain a number of positive colonies
carrying a 450 bp insert but instead, we surprisingly obtained
colonies carrying differently sized inserts. Plasmids from
these colonies were purified and sequenced. In total, we
obtained 33 sequences that are shown in Fig. 5A, aligned
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Figure 5. PAXS aberrant transcripts. (A) Sequence alignment comparing 33 cloned PAXS8 aberrant transcripts from CaSki (C-#) or SiHa (S-#) cells, or
tumor samples (sample no.-#). The numbers correspond to the isolated clones; only those that resulted positive were analyzed. Solid lines represent identical
sequences; dotted lines represent sequences that did not align to the PAXS transcripts. The numbers below indicate the exon numbers; exons marked with * are
partially translated. (B) Neighbor-joining tree based upon the sequence alignment. The scale represents the relative number of base changes.
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PAXS transcripts.

Table II. Expected amplicon sizes from Exon PCR experiments.

Exon Exon PCR
no. amplicon size (bp)
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with the four reported PAXS transcripts. Solid lines represent
identical sequences, whereas sequences represented by dotted
lines did not align to the PAXS8 transcripts. The sequences of
all transcripts were submitted to GenBank under accessions
KJ545852 to KJ545885. The clones obtained form tumor
samples and cervical carcinoma-derived cell lines form a
single pool of PAX8 aberrant transcripts. The reported tran-
scripts and our sequenced clones clustered separately from
each other, and no evident clustering was found within our
clone group (Fig. 5B; Table II).

Upon analysis of the sequences from our collection of
cloned transcripts we found that they only shared the 3'-most
170 nt with the PAX8 coding sequence. This region only
represents two (11 and 12) of the ten exons that constitute the
PAXS8 OREF, encoded in exons 2-12 (see the representation in
Fig. 6). Upstream from that region, the 33 clones share a 30-nt
sequence from intron 10, which contains the polypyrimidine
tract and is located 5 nt upstream of the py-AG splicing
acceptor site, adjacent to exon 11. The remaining 5' region of
the cloned transcripts was variable among them, comprising
sequences that align to other regions of exon 10 with multiple
single nucleotide mismatches. Performing a BLAST search
with our clones produced variable results pointing at contigs
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Figure 7. PAXS8 exon amplification. (A) Representation of the rationale
underlying the Exon PCR experiments. (B and C) Exon amplification results
for peripheral blood lymphocytes and cervical carcinoma-derived cell lines,
respectively.

or chromosome assemblies (data not shown). Taken together,
the results from both analyses suggested genomic instability
in the PAX8 gene, because the aberrant transcripts that
we were able to isolate contain sequences from different
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non-contiguous genomic locations. Noteworthy, we did not
find a definite sequence or pattern corresponding to either
tumor samples or cell lines, reaffirming the idea that PAXS8
produces similar aberrant transcripts in both cervical tumors
and derived cell lines.

Some of the aberrant transcripts contain open reading
frames, but none of them comprises its full length. If trans-
lated, these ORFs should lead to short (12-22 kDa) proteins
sharing the carboxi-terminus and thus the PST transactivation
domain from PAX8 (Fig. 6).

PAX8 exon amplification. Since all the detected transcripts
conserved only the 3'-most introns, we wanted to know
whether the missing introns were actually present in the
genomic DNA of the cells. As an initial approach to assess
the integrity of the PAXS8 gene, we designed primers along
the intronic regions flanking each exon (Fig. 7A) with the
aid of the ExonPrimer software tool. We targeted only
exons 2-11, since exon 1 is not translated in any reported
PAX8 mRNA and exon 12, while protein coding, is more
than 2.5 kb long. A validation experiment was performed
using DNA isolated from peripheral blood lymphocytes
from a healthy patient, it yielded the expected amplicon
sizes, as seen in Fig. 7B.

The results using CaSki and SiHa cell DNA were very
interesting: amplicons corresponding to exons 2-9 failed to
amplify in both lines, save for exon 5 that was detected only
in SiHa DNA (Fig. 7C). Notably, only exons 10 and 11, those
identified in the aberrant transcripts, were detected through
exon PCR. This suggests, together with the sequences present
in the cloned transcripts, that the PAX8 gene may be altered in
cervical carcinoma.

Discussion

In this study, we analyzed the expression levels of two regions
of the PAX8 mRNA in a set of tumoral and healthy cervical
tissue samples, and found an imbalance between their expres-
sion levels. This imbalance can be attributed to the presence
of aberrant transcripts containing the 3'-most region of the
mRNA. Previous work on female genital tract tumors has
shown a consistent PAXS8 expression in ovary tumors, such
as non-mucinous carcinomas, including serous, endometroid,
clear cell and transitional cell carcinomas (30,31). Only one
investigation has reported PAX8 expression in carcinomas of
uterine cervix, but the results are in the context of epithelial
tumors (20).

We aimed to assess the possible differential splicing of
the PAX8 transcripts in cervical carcinoma-derived cell lines
and tumors. Upon performing these experiments, we found a
completely different scenario, rather than the expected protein
isoforms, we detected a single protein and several shorter
putative isoforms. Consequently, we aimed to detect the corre-
sponding shorter transcripts.

Notably, while we did detect a band of the expected
molecular weight by western blotting, the full-length ORF
was only amplified with a high sensitivity polymerase and was
not detected through 5' RACE experiments (compare Figs. 3
and 4). This suggests a very low abundance of this transcripts
and, thus, high translation efficiency of this mRNA. A high
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translation efficiency has been already suggested for this
transcript by Szczepanek-Parulska and co-workers (32), who
amplified a 587/684 bp fragment to detect PAX8A/F and
hypothesized that the extra 97 bases at the S'UTR participate
in translational regulation.

The 5' RACE experiments yielded a collection of tran-
scripts ranging from 378 to 542 (Fig. 4), out of the roughly
1300 bases of the full-length PAX8 ORF. Shorter-than-
expected transcripts from a 10-intron gene suggest alternative
splicing, so it was puzzling when the sequencing results
only revealed the two 3'-most coding exons from the ORF
preceded by unknown and intronic sequences. The fact that
similar transcripts were obtained from different independent
sources strongly suggests that the aberrant transcripts that
we found are product of a recurring process, present in both
cervical carcinoma-derived cell lines and tumor samples.

The production of novel transcripts through alterations of
alternative splicing is a known trait of cancer cells (29, reviewed
in ref. 33) but only a few genes have been reported to produce
aberrant transcripts containing sequences other than exons,
such as FHIT and WWOX; this phenomenon has been
attributed to their proximity to the chromosome fragile sites
FRA3B and FRA16D, respectively (34,35). PAXS, in turn, is
located at the 2q13 locus (36,37), close to the FRA2B fragile
site (38,39), which prompted us to try and assess the integrity
of the PAX8 gene.

Rather than trying to establish the genomic status, our
exon amplification experiments show that it is a worthwhile
venture. These results suggest that the genomic sequence
of the PAX8 gene is at least partially disrupted, or that it
harbors a considerable amount of mutations that impede
amplification of exons 2 to 10. Noteworthy, these results
seem to correspond to the sequences found in the aberrant
transcripts, since only exons 10 and 11 were present in
them, only these same exons were detectable through Exon
PCR. The PAXS gene has previously proven to be unstable
in tumor cells, the (2;3)(q13;p25) translocation, detected in
both follicular thyroid carcinomas and adenomas (40), leads
to the formation of a chimeric PAX8-peroxisome prolifer-
ator-activated receptor (PPAR-y) oncogene (15). Moreover,
cervical carcinoma is prone to chromosome abnormalities
as human papillomavirus has been demonstrated to produce
specific chromosomal imbalances in transfected keratino-
cytes (41). In any case, we are conducting further research to
establish the nature of the suggested genomic alterations in
the PAXS gene.

Taking the data together, we find it reasonable to speculate
that the cDNA aberrations that we found are the result of
genomic modifications characteristic of cervical carcinoma.
Even so, it is notable that these probable genomic modifications
are likely not present in every cell from our samples; otherwise
we would not have been able to detect the full-length PAXS in
total protein extracts.

Here we report the presence of a number of aberrant tran-
scripts produced by the PAXS8 gene cervical cancer tissues.
These transcripts are present in cervical carcinoma-derived
cell lines and tumors and likely encode shorter isoforms.
Further studies would shed light on the implications of these
transcripts in carcinogenesis and their role as cause and/or
consequence of other molecular phenomena.
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