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LOSS OF FlIT EXPRESSION IN CERVICAL CARCINOMAS
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Fig. 2. Schematic diagram of representative transcripts in cervical carcinoma cell lines and selected normal tissues. The structure of the FHJT cDNA is shown at the top, and the
structure and size of representative cDNA clones from the cervical carcinoma cell lines and selected normal tissues are shown below. Deleted sequences are represented by gaps, and
inserted sequences by triangles. The size of the full-length RT-PCR product in normal cells was either 696 or 707 bp, depending on the presence or absence of 11 bp in the
3-untranslated region. This sequence variation, thought to represent alternative splicing of uncertain significance, has been observed previously (17).

approach (Fig. 1B) but was shown to contain aberrant cDNAs by the
nested approach (Fig. 1A). In contrast to most carcinoma cell lines, the
dominant FHJT RT-PCR product detected in primary keratinocytes
and all normal tissues examined was of the expected size (Fig. lC).
Only cDNAs of the expected size and sequence were identified in the
ME- 180 cervical carcinoma cell line. Sequence analysis of represent
ative cDNA clones from the cell lines with FHIT transcript alterations
identified a variety of aberrant species that are summarized schemat
ically in Fig. 2. Exon 5 (containing the FlIT translation initiation
codon) was often absent, although isolated absence of exon 4 was
occasionally seen. Insertions of additional sequence were identified in
four of the six cell lines with altered FHIT RT-PCR products. These
insertions almost always occurred at the boundary between exons 4
and 5, but the novel sequences were not derived from those at this
intron-exon boundary. Three cell lines (HeLa, HT-3, and CaSh)
showed RT-PCR products of the expected size and sequence in
addition to the aberrant ones. One cell line (C-411) showed a minor
population with absence of exon 5 and insertion of nearly the same
number of bp at the intron-exon boundary, such that the cDNAs were
of the expected size but were, in fact, aberrant.

Seventeen of 25 (68%) primary cervical carcinomas had no detect
able FHIT transcripts or had transcripts of aberrant size in the RT
PCR assay (Fig. 3). The presence or absence of the RT-PCR products
was generally reproducible in independent RT-PCR experiments, but
the relative abundance of the altered products was often variable.
Transcripts of the expected size identified in primary tumors may
reflect normal FH!T expression in the neoplastic cells, be derived

iments, I p.g/ml purified recombinant Fhit protein (generously provided by Dr.

Kay Huebner) or irrelevant protein (human milk fat globule protein) was
coincubated with the primary antibody. Cell pellets from normal keratinocytes
and ME-l80 cells (both shown to express only full-length FHIT transcripts)
and from C-33a cells (shown to express exclusively aberrant FlIT transcripts)
were used as positiye and negative controls, respectively.

Immunostaining was scored on a three-tiered scale for both intensity (ab
sentiweak, 1; moderate, 2; strong, 3) and extent (percentage of positive cells:
< 10%, 1; 10â€”50%,2; >50%, 3). The intensity and extent scores were then
multiplied to give a composite score (1â€”9) for each tumor. Composite scores

from 1 to 3 were defined as marked reduction or absence of Fhit protein
expression. Slides were scored independently by two pathologists (K. R. C.
and D. L. G.).

Results

Aberrant FHIT cDNAs Are Frequently Identified in Cervical
Carcinoma Cell Lines and Primary Tumors. The predominant
FlIT transcript in normal tissues encompasses at least 10 exons (30)
and is approximately 1.1 kb based on previous Northern blot studies
(14). Using RT-PCR assays, FHIT cDNAs of altered size and/or
sequence were identified in six (HeLa, HT-3, SiHa, C-411, CaSki, and
C-33a) of the seven cervical carcinoma cell lines evaluated (Fig. 1, A
and B). These findings are in agreement with recent studies of cervical
carcinoma cell lines (3 1); however, we found a minor population of

aberrant cDNAs in both HeLa and CaSki cells. Both nested (Fig. 1A)
and nonnested (Fig. 1B) PCR strategies yielded similar results, al
though amplification with the nested strategy was generally more
robust. For example, C-411 failed to amplify via the nonnested PCR
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cells (Fig. 5A) but failed to detect Thit protein in C-33a cells (Fig. SB).
Coincubation with excess purified Fhit protein successfully blocked
staining in the ME-180 cells (Fig. 5A, inset). Immunohistochemical
analysis of primary cervical tumors and adjacent normal tissues re
vealed strong cytoplasmic staining of Fhit protein in normal ectocer
vical squamous epithelium (Fig. SC) and endocervical glandular ep
ithelium (Fig. SD), which was also effectively blocked by
coincubation with purified Fhit protein (data not shown). Coincuba
tion with similar concentrations of an irrelevant protein (human milk
fat globule protein) had no effect on Fhit immunoreactivity (data not
shown). Staining in the squamous epithelium was localized primarily
in the differentiating layers, with relative sparing of the basal and
parabasal epithelial cells. Although some primary tumors showed Fhit
staining similar to that seen in normal cervix (Fig. SE), 25 of 33 (76%)

tumors showed marked reduction or absence of Fhit immunoreactivity

(Fig. SF). Immunostains of the primary tumors were evaluated mdc
pendently by two pathologists, and composite scores (@3 versus >3)
were concordant in all but 2 of the 33 cases. These two cases were
reviewed and reassigned scores based on consensus opinion. The
composite score of immunoreactivity correlated quite well with the
RT-PCR data in that Fhit protein expression was always reduced or
absent (composite score 3) in tumors with exclusively aberrant or
absent mRNA by RT-PCR (Table 1). Three tumors with substantially
reduced Fhit expression contained only transcripts of the expected
size by RT-PCR. There are several possible explanations for these
observations including: (a) the immunohistochemical assay may more
accurately reflect Hilt expression than the RT-PCR assay; (b) the
FlIT cDNAs detected were contributed by nonneoplastic contami
nating cells; or (c) the transcripts of expected size have aberrant
sequence and fail to encode Flit protein. Finally, when both full
length and aberrant transcripts were observed in a tumor, significant
immunoreactivity (composite score >3, <9) was sometimes seen,
suggesting that some primary tumors, like the carcinoma cell lines,
may express both full-length and aberrant FHIT mRNAs.

Discussion

Cervical carcinomas, as other tumors, likely result from an accumula
tion of genetic alterations activating oncogenes and inactivating tumor
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Fig. 3. RT-PCR Analysis ofFHffexpression in primary cervical carcinomas. A, nested
RT-PCR analysis of FlIT expression in primary tumors. The specific tumors shown are
designated above each pair of lanes in which (+) represents reactions performed in the
presence of RT and (â€”)in the absence of RT. Arrowhead, size of the expected 707-bp
RT-PCR product. B, RT-PCR analysis of GAPDH expression in primary tumors. The
designation of lanes is identical to that in A. Arrowhead, size of the expected 508-bp
RT-PCR product.

from contaminating normal cells in the tumor specimen, or represent
products of the expected size with abnormal sequence.

FHIT mRNA Expression Is Markedly Reduced in Most Cern
cal Carcinoma Cell Lines. Because of concerns that the RT-PCR

assay might not faithfully reflect the relative abundance of FHJT
transcripts, Northern blot studies were undertaken. Expression of

FHJT mRNA (Â°Â°â€˜l.lkb) was readily detected in primary keratino
cytes. In contrast, substantially reduced or absent FHJT mRNAs were
noted in the cervical carcinoma cell lines (Fig. 4), particularly those
cell lines that expressed exclusively aberrant FHJT cDNAs in the
RT-PCR assay (C-33a and C-4H). A weak, diffuse hybridization
signal centered at 4.4 kb was identified equally in all samples in the
region of 285 ribosomal sequences. The Northern blot studies of FHIT
expression in cancer cell lines indicate that the RT-PCR assay, al
though useful for characterizing altered FHJT transcripts, may not be
suitable for quantitation of FHJT expression levels.

Expression of Thit Protein Is Markedly Reduced or Absent in
Many Primary Cervical Carcinomas. Studies to quantitate FHJT
mRNA expression in primary carcinomas are hindered by several
factors, including lack of sufficient quantities of RNA and concerns
regarding RNA quality and contaminating normal cells in the tumor
specimen. Therefore, we chose to use immunohistochemical methods

to characterize FH!Texpression in situ. The specificity ofthe anti-Fhit
antiserum was initially tested on formalin-fixed, paraffin-embedded
cell pellets from cultured normal keratinocytes and the cervical car
cinoma cell lines ME-180 and C-33a. As noted above, keratinocytes
and ME-l80 cells express only FH!T transcripts of the expected size,

whereas C-33a cells express only aberrant transcripts and have unde
tectable FHJT expression by Northern blot. The anti-Fhit antiserum
strongly stained the cytoplasm of normal keratinocytes and ME-l80

:=@

237-

1.35â€”@@ â€”@@@ 4GAPDH

Fig. 4. Northem blot analysis of FHIT expression in cervical carcinoma cell lines and
primary foreskin keratinocytes. The cell lines evaluated are as indicated. Based on
comparison to the migration of RNA standards of known size, the FlIT mRNAs were
estimated to be approximately 1.1 kb. To control for RNA loading, the blot was rehy
bridized to a control probe for GAPDH.
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Fig. 5. Representative immunostaining of Fhit protein in selected cell lines, normal cervix, and primary cervical carcinomas. A, ME-180 cells showing strong cytoplasmic expression
of Fhit protein. Immunoreactivity is blocked by coincubation with excess purified Flit protein (inset). B, C-33a cells showing absence of Fhit protein expression. C, normal ectocervical
squamous epithelium showing immunoreactivity in the differentiating epithelial cells. D, benign endocervical glands showing strong immunoreactivity. E, representative invasive
squamous carcinoma of the cervix with diffuse staining of the tumor cells. F, representative immunonegative invasive cervical carcinoma.

suppressor genes and/or genes involved in DNA damage recognition and
repair. Although the high-risk HPVs have an important role in cervical
cancer, relatively few somatic mutations in cellular genes have been

identified. Those alterations that have been identified include amplifica
tion of c-myc (32), HER2-neu (33), and an as-yet-unidentified gene(s) in
the distal region of chromosome 3q (34). Allelic losses of chromosome
3p have been seen in a number of analyses of cervical cancer (11â€”13),
and frequent 3p deletions have also been observed in the intraepitheial
lesions of the cervix that are believed to be precursors of invasive

squamous carcinomas (35). The common regions of alleic loss appear to

be 3pl3â€”l43 and 3pl3-p2l .1 (9, 35, 36). Despite considerable efforts,
the tumor suppressor gene(s) targeted by 3p allelic losses in cervical
carcinoma have not been identified conclusively. One of the regions of 3p

commonly deleted in cervical carcinomas includes the FHJT locus

(3pl4.2). The FHJT gene encompasses a fragile site (FRA3B) spanning
FHIT introns 3â€”5(37). Our demonstration of altered FHIT transcripts
and/or loss of protein expression in most cervical carcinoma cell lines and
over 70% of primary cervical tumors supports FHJTas a candidate tumor
suppressor gene targeted by 3p deletions and/or HPV integration into the
FRA3B fragile site. Notably, we demonstrated FHJT alterations in both
HPV-negative and HPV-positive cervical carcinomas.

Several investigators have reported the presence of altered FHJT
transcripts in primary tumors and cell lines derived from many types
of tumors, including those of the lung, breast, head and neck, gastro
intestinal tract, and skin (14â€”18,20â€”22,38). However, only FHJT
cDNAs were analyzed in these studies, and it has been difficult to
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Table 1 FlIT expression in primary cervical carcinomas tumongenesis. The exact role of FHJT in the pathogenesis of cervical
cancer awaits further analysis and assessment of the in vivo function
of the protein in normal, preneoplastic, and neoplastic tissues.
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assess the origin of full-length transcripts (tumor versus contaminat
ing normal cells) in the evaluated specimens. Moreover, the relation
ship of these altered transcripts to Fhit protein expression has been
unclear. In addition to RT-PCR analysis of FHIT mRNA expression,
we used immunohistochemical methods to assess Fhit protein expres
sion in situ in a substantial number of primary cervical carcinomas.
We found that expression of Fhit protein is markedly reduced or

absent in many primary cervical tumors, supporting the notion that
FHJT gene inactivation might contribute to clonal outgrowth during
cervical tumorigenesis. Finally, the observation that FHJT alterations
are common in some primary tumor types (e.g., cervical cancer) but
are uncommon in others [e.g., esophageal cancer (39) and colorectal
cancer (29)] suggest that FHlTalterations are not simply a nonspecific
marker of genetically unstable malignant cells. This notion is further
supported by our preliminary observation that Fhit protein expression
is reduced or absent in over 70% of cervical cancers compared to only

20% (2 of 10) of colorectal cancers.5
The function of the human Fhit protein is not known, but it bears

significant similarity to a yeast diadenosine (Ap4A) tetraphosphate
asymmetrical hydrolase (Schizosaccharomyces ponthe PAPH1; Ref.
14). Although the status of FHIT as a tumor suppressor gene remains
controversial, the presence of aberrant FHJT transcripts and loss of
protein expression in a substantial percentage of cervical cancer cell
lines and primary cervical tumors, but not in normal tissues, suggests
that FHJT gene alterations may play an important role in cervical
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