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ABSTRACT

Qualitative and quantitative alternations of human tenascin (TN)
expression in virally transformed lung fibroblasts and in lung tumor
tissues were investigated using S, nuclease protection analysis in com
parison with those of fibronectin (FN). Transformed fibroblasts and fetal
lung tissues expressed more TN iiiKNA with an extra sequence encoding
the sixth FN type HI repeat than did normal cells and adult tissues. The
splicing pattern of TN mRNA was also altered in many lung cancer
tissues, showing increased or sometimes decreased expression of the TN
mRNA with the extra sequence when compared with their surrounding
normal tissues. These results provide additional evidence for the onco-
developmental regulation of alternative RNA splicing in human lung
tissues, first observed with FN mRNA (F. Oyama, et al., Cancer Res.,
50:1075-1078, 1990). Quantitative analysis of the levels of TN and FN
mRNAs showed that the ratio of TN mRNA to FN mRNA was signifi
cantly increased in transformed fibroblasts and in some lung tumor
tissues, when compared with their normal counterparts. Among different
types of lung tumors, a significant increase of the TN/FN ratio was
observed with most squamous cell carcinoma but with only a small
fraction of adenocarcinoma. Since TN has been shown to inhibit cell
adhesion to FN, the altered ratio of TN mRNA to FN mRNA may well
affect the adhesive and migratory properties of tumor cells in lung cancer
tissues.

INTRODUCTION

TN4 is a novel extracellular matrix glycoprotein with tem

porally and spatially restricted tissue distribution (1, 2). TN is
transiently expressed in many developing organs such as con
nective tissues, the mesenchyme of epithelial organs, and the
central and peripheral nervous system (3-7). Although expres
sion of TN is suppressed in most adult tissues, TN reappears
in the stroma of tumors and healing wounds (5, 7, 8).

TN exists as a hexamer of M, 220,000-320,000 subunits
which are linked by disulfide bonds near the /V-terminus. Recent
studies on sequencing of TN cDN As revealed that TN consists
of three types of structural modules, i.e., epidermal growth
factor-like repeat, FN type III repeat, and a domain with a
sequence homology to ÃŸ-and 7-chains of fibrinogen (Refs. 9-
11; see also Fig. \A). The TV-terminal region of TN contains
four heptad repeats composed of hydrophobic amino acid resi
dues possibly involved in the trimer formation, followed by 13
epidermal growth factor-like repeats. The central region is made
up of 8 to 15 FN type III repeats, the number of which varies
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depending on the species and the cell type. The domain ho
mologous to fibrinogen is located at the C-terminal region.

TNs isolated from various sources often display a character
istic pattern of a large and two small subunit forms upon sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (12). Recent
studies have shown that TN polymorphism is generated by
alternative splicing of a single pre-mRNA which results in
exclusion of up to 7 FN type III repeats present in the middle
of the subunit polypeptides (10, 11, 13). The regulation of the
alternative splicing of TN pre-mRNA in vivo and in vitro has
been only poorly understood.

FN is another extracellular matrix glycoprotein which dis
plays complex molecular heterogeneity due to alternative RNA
splicing (14-16). FN is assumed to play an important role in
many aspects of cell-substrate interactions including cell adhe
sion, migration, differentiation, and malignant transformation
(14). Recently, we found that the alternative splicing of FN pre-
mRNA at extra type III regions termed ED-A and ED-B was
oncodevelopmentally regulated in human liver and lung tissues
(17,18). Normal liver exclusively expressed the ED-A" mRNA,

whereas fetal and cancerous liver tissues expressed a significant
amount of ED-A+ mRNA (17). Similarly, an increased expres
sion of the ED-B+, but not ED-A*, mRNA was observed in

fetal and cancerous lung tissues (18).
TN and FN show a great deal of structural similarities. More

than half of these proteins are built up from FN type III repeats.
Both proteins display molecular polymorphism due to the
alternative RNA splicing occurring at the regions encoding FN
type III repeats. Despite these structural similarities, these two
proteins significantly differ in their biological properties. Al
though TN contains a cell-adhesive Arg-Gly-Asp (RGD) se
quence, it has a very weak activity, if any, to mediate cell
attachment and has been reported to inhibit cell adhesion to
the FN-coated substrate (12,19). The physiological significance
of the similarities and differences between TN and FN has not
yet been fully addressed.

In the present study, we investigated the patterns of alterna
tive RNA splicing and levels of transcripts of human TN in
cultured lung fibroblasts and in normal, fetal, and cancerous
lung tissues in order to gain an insight to regulation of TN
expression in vivo and in vitro. Our results showed that the
alternative splicing of TN pre-mRNA was indeed altered in
virally transformed fibroblasts as well as in fetal and cancerous
lung tissues, and the ratio of TN mRNA to FN mRNA was
significantly altered in transformed cells and certain types of
lung cancer tissues.

MATERIALS AND METHODS

Materials. S, nuclease was purchased from Boehringer Mannheim
Yamanouchi (Tokyo, Japan). Klenow fragment of DNA polymerase I,
T4 polynucleotide kinase, EcoT14I, ///ndlll, Smal, and pUCl 19 were
from Takara Shuzo (Kyoto, Japan). [<*-"P]dCTP and [a-32P]TTP were
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from Amersham. Murine leukemia virus reverse transcriptase was
obtained from Bethesda Research Laboratories. Human /3-actin gene
was purchased from Wako Pure Chemical Industries (Osaka, Japan).

Cells and Tissues. Human fetal lung fibroblast WI-38 and its SV40
transformant, WI-38/VA13, were obtained from the Japanese Cancer
Research Resource Bank (Tokyo, Japan) and grown in Dulbecco's
modified Eagle's medium supplemented with 5% fetal bovine serum.

Lung cancer tissues as well as their surrounding normal tissues were
obtained from surgically resected specimens. Fetal lung tissues were
obtained from fetuses of 18- and 27-wk gestation at autopsy after
therapeutic abortion. The tissue specimens were immediately frozen at
-85Â°Cafter surgical resection.

Preparation of RNA. Total RNA was prepared from 0.5 to l g of
each lung tissue or from two confluent monolayer cultures of human
fibroblasts as described by Chomczynski and Sacchi (20).

Synthesis of PCR Primer DNAs. All oligonucleotides were synthe
sized on an Applied Biosystems Model 380A DNA synthesizer (Foster
City, CA) using the phosphoramidite method. The forward and reverse
primers for amplification of TN cDNA were 5'-ACGCCCAAG-
GACCTTCAGCT-3' (bases 1669 to 1688 of the TN cDNA sequence
in Ref. 10) and 5'-CCTGGATCACCCCATAGATG-3' (bases 2139 to

2158), respectively.
Probe DNA for Studying Alternative Splicing of TN Pre-mRNA by

Si Nuclease Protection Analysis. The probe DNA for S, nuclease
protection analysis of TN mRNA was prepared from the cDNA ampli
fied by PCR using the above primer DNAs and Taq DNA polymerase
(21). Single-stranded cDNA was reverse transcribed from the total
RNA obtained from virally transformed human lung fibroblast, WI-
38/VA13. One ng of the total RNA was dissolved in an annealing
buffer [57 mM Tris-HCl (pH 8.3):83 mM KC1:8 mM MgCl2], annealed
at 60Â°Cfor 5 min in the presence of 1 pmol of the reverse primer, and
then incubated at 37Â°Cfor 30 min. The cDNA synthesis was carried

out in a 15-jil solution containing 34 mM Tris-HCl (pH 8.3), 50 mM
KC1, 5 mM MgCl2, 4 mM dithiothreitol, 250 MMeach of dATP, dGTP,
TTP, and dCTP, and 200 units of murine leukemia virus reverse
transcriptase. For PCR, the sample was brought to 100 n\ of a solution
containing 10 mM Tris-HCl (pH 8.3), 50 mM KC1, 1.5 mM MgCl2,
0.01% gelatin, 200 ^M deoxyribonucleoside triphosphates, 40 pmol of
both the reverse and forward primers, and 2.5 units of Taq DNA
polymerase (Perkin Elmer Cetus, Cleveland, OH). A total of 100 n\ of
the reaction mixture was overlaid with 100 ^' of mineral oil. PCR was
carried out in a programmable heating block using cycles consisting of
denaturation at 94Â°Cfor 1 min, followed by annealing at 37Â°Cfor 3
min and cDNA extension at 72Â°Cfor 3 min. After amplification, the

mineral oil was removed and the cDNA was electrophoresed on 6%
polyacrylamide gel. The cDNA fragment with the expected size (i.e.,
490 base pairs) was recovered from the gel and phosphorylated at the
5'-end with T4 polynucleotide kinase. The 490-base TN cDNA frag

ment was subcloned to pUCl 19 linearized by digestion with Smal. The
resulting plasmid was digested with Â£coT14I and Hindlll to yield a
520-base fragment, of which the 3' 35 bases were derived from the

polylinker region of pUC119.
Probe DNAs for Quantitation of TN and FN mRNA Levels. The ÃŸ-

actin gene was digested with Hinfl, and the resulting 3'-end was filled

in with the Klenow fragment of Escherichia coli DNA polymerase I.
The resulting DNA fragment (443 bases), which covers exons 4 and
exon 5 (32, 33), was purified and introduced into pUC119 linearized
by Sma\. The plasmid was digested with Avail and IUmilii to yield a
388-base fragment which was used to quantify the level of /3-actin

mRNA.
The 490-base TN cDNA fragment amplified by PCR was digested

with/j/ul, and the resulting 132-base fragment was purified and intro
duced into pUCl 19 linearized by Smal. The plasmid was digested with
Â£coT14Iand ///Â«dill to yield a 162-base probe DNA to quantify the
level of TN mRNA.

The probe DNA for quantitation of FN mRNA was prepared from
the FN cDNA clone pFHlll (16), which was kindly provided by Dr.
A. R. Kornblihtt and Dr. F. E. Baralle. The 234-base BamHl and Pvull
fragment of pFHlll was purified, and the resulting 3'-recessed ends

were filled in with the Klenow fragment of E. coli DNA polymerase I
and introduced into the pUCl 19 linearized by Smal. The plasmid was
digested with Xhol and Hindlll to yield a 232-base fragment for
quantitation of FN mRNA. All the probe DNAs for quantitation of the
mRNA levels contained 3' 35 bases derived from the polylinker region

of pUCl 19.
Preparation of 3'-End-labeled Probe DNA. The probe DNAs were

labeled at the 3'-end by the end-filling reaction with the Klenow
fragment of Â£.coli DNA polymerase I using both [a-32P]dCTP and [a-
"P]dTTP for TN probes or [Â«-"PJdCTP for /3-actin and FN probes
and subjected to strand separation in order to recover the 32P-labeled

antisense strand DNA.
Si Nuclease Protection Analysis. S, nuclease protection analysis was

performed as described by Berk and Sharp (22). The single-stranded
probe DNA was hybridized with 5 to 10 ^g of RNA in 30 n\ of a
solution containing 40 mM piperazine-AyV'-bis(2-ethanesulfonic acid)
(pH 6.4), 1 mM EDTA, 0.4 M NaCl, and 80% formamide, at 49Â°C
(probes for analysis of alternative RNA splicing) or 46Â°C(probes for

quantitation of mRNA levels) for 18 h. The RNA-DNA hybrid was
mixed with 300 n\ of an ice-cold solution containing 50 mM sodium
acetate (pH 4.6), 0.28 M NaCl, 4.5 mM ZnSO4, and 800 units of S,
nuclease and incubated at 37Â°Cfor 30 min to digest the single-stranded

portions of the RNA-DNA hybrid. After termination of the digestion
by adding 50 nl of 6 M ammonium acetate containing 0. l M EDTA,
the nuclease-resistant DNA was precipitated with 2-propanol and then
analyzed on 6% polyacrylamide gel containing 7 M urea. Relative
radioactivities of the nuclease-resistant fragments were determined with
a Fujix Model BAI00 bioimage analyzer (Fuji Photo Film, Kanagawa,
Japan) using erasable phosphor imaging plates.

For quantitation of relative abundance of TN and FN mRNAs, the
probe DNA for quantitation of each mRNA species was hybridized to
RNA together with the probe for /3-actin and subjected to Si nuclease
digestion as described above. The relative abundance of the TN or FN
mRNA was determined from radioactivities associated with the pro
tected fragments after normalization against radioactivities associated
with the protected /3-actin probe DNA.

RESULTS

Patterns of Alternative RNA Splicing. Alternative splicing of
human TN pre-mRNA generates at least two forms of mRNA,
one with a 1.9-kilobase insert (Variant 1) and the other without
it (Variant 2) (Ref. 10; see also Fig. IA). In order to examine
the regulation of the alternative splicing of TN pre-mRNA in
vivo and in vitro, we first analyzed patterns of the alternative
RNA splicing in normal and transformed human lung fibro
blasts using Si nuclease protection analysis. The probe DNA
used in the analysis and the putative fragments protected
against the nuclease by the two variant forms of TN mRNA are
schematically illustrated in Fig. \A. The probe DNA was 3'-
end-labeled antisense DNA of 520 nucleotides partially cover
ing the 5'-portion of the 1.9-kilobase insert. It contains an extra
35 bases at its 5'-end derived from the cloning vector, which

serves as a control substrate for monitoring Si nuclease activity.
Si nuclease digestion of the probe DNA after hybridization

with the total RNA extracted from either cultured lung fibro
blast WI38 or its SV40 transformant WI38/VA13 yielded two
fragments of exactly the same size, respectively, as expected for
those protected with the Variant 1 and Variant 2 mRNAs (Fig.
IB). None of these fragments was generated when the probe
DNA was digested with Si nuclease without prior hybridization
with the total RNA. There was a clear difference in the splicing
pattern between the normal and transformed human fibroblasts.
The 485-base and 251-base fragments were yielded in nearly an
equal amount by protection with the RNA from the normal
fibroblasts, whereas the 485-base fragment was predominantly
produced by protection with the RNA from the SV40-trans-
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formed cells to express more the mRNA species containing the
extra type III repeats than did the normal cells (data not shown;
also Ref. 23).

In order to examine in vivo regulation of the alternative
splicing of TN pre-mRNA, we analyzed the splicing pattern in
adult and fetal lung tissues. The percentage of the Variant 1
mRNA in normal adult lung tissues varied from 8 to 31 % with
an average of 21 Â±8%, whereas the percentage was as high as
45 Â±2% in fetal lung tissues (Fig. 3). These results indicate
that the alternative splicing of TN mRNA is ontogenically
modulated in the lung, as was the case with the alternative
splicing of FN mRNA at the ED-B region (18).

Variant 1 uiRNA S

(bases)

Variant 1 mRNA

-Â«- Variant 2 mRNA

1 2 3 4 5 D

Fig. 1. Pattern of alternative splicing of TN pre-mRNA studied by Si nuclease
protection analysis. I. diagram of probe DN A and its putative fragments protected
by two forms of TN mRNA. The lop of the diagram illustrates the structure of
two human TN isoforms. The probe DNA is the antisense strand cDNA covering
the 5' junction of the alternatively spliced mRNA segment encoding seven FN

type III repeats. The open box represents the alternatively spliced sequence. The
probe DNA contains extra nucleotides derived from the cloning vector at the 5'

end (wavy line). The probe DNA and its expected fragments obtained by protec
tion with two TN mRNA variants are drawn with bold line. B, autoradiogram of
nuclease digests. The >2P-labeled probe was hybridized with RNA prepared from
various sources and digested with s, nuclease as described in "Materials and
Methods." The position of the expected fragments protected by TN mRNA

variants is indicated in the right margin. Lane 1, undigested probe DNA; Lane 2,
the nuclease digest without prior hybridization with RNA; Lanes 3 to 6, the
nuclease digests after hybridization with the RNA prepared from cultured WI38
lung fibroblasts (Lane 3), SV40-transformed WI38/VA13 fibroblasts (Lane 4),
adult lung tissue (Lane 5), or fetal lung tissue (Lane 6). The position of the DNA
size markers (Taq\ digest of 0X174 DNA) is indicated in the left margin.

formed fibroblasts. Quantitative analysis of the relative radioac
tivities of these protected fragments showed that about 62% of
TN mRNA in the normal cells was the Variant 1 mRNA (Fig.
2). In contrast, more than 90% of TN mRNA in the transformed
cells contained the Variant 1 mRNA, indicating that the alter
native splicing of TN pre-mRNA was modified in the trans
formed cells to preferentially produce the isoform containing
the extra type III repeats. Similarly, the alternative splicing of
FN pre-mRNA at the ED-B region was modified in the trans-

Fig. 2. Relative abundance of Variant 1 mRNA in normal and transformed
cultured fibroblasts. The percentage of the Variant 1 mRNA was estimated from
the relative radioactivities associated with the fragments protected by Variant 1
and Variant 2 mRNAs shown in Fig. IB.
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Fig. 3. Relative abundance of Variant 1 mRNA in adult and fetal lung tissues.
The percentage of the Variant 1 mRNA was determined from the relative
radioactivities of the protected fragments shown in Fig. IB. columns, mean; bars,
SD.
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Since the pattern of alternative splicing of TN pre-mRNA
was significantly different between adult and fetal lung tissues,
we next examined whether the alternative splicing of TN pre-

mRNA could be also altered in lung tumors. Fig. 4 shows
relative abundance of the Variant 1 mRNA in lung adenocar-
cinoma and squamous cell carcinoma as compared with their
surrounding normal tissues. Among nine adenocarcinomas
paired with their normal counterparts, four tumors expressed
more the Variant 1 mRNA than their normal counterparts,
whereas two expressed less and three expressed nearly the same
percentage of the Variant 1 mRNA. In the case of squamous
cell carcinoma, all three specimens paired with the normal
counterparts expressed a higher percentage, though to a various
extent, of the Variant 1 mRNA than did their surrounding
normal tissues.

Fig. 5 summarizes the percentage of the Variant 1 mRNA in
all lung cancer tissues so far examined irrespective of the
availability of surrounding normal tissues. The Variant 1
mRNA comprised 27 Â±14% of the total TN mRNA in ade-
nocarcinoma, 24 Â±9% in squamous cell carcinoma, 54 Â±22%
in large cell carcinoma, and 42 Â±2% in small cell carcinoma.
A significant increase in the percentage of the Variant 1 mRNA
was observed with large cell carcinoma and small cell carci
noma, but not with adenocarcinoma and squamous cell
carcinoma.

Quantitation of Relative Levels between TN and FN mRNAs.
Because of the similarities in the modulation of alternative
RNA splicing of TN and FN, we also investigated the expres
sion levels of TN and FN mRNAs in virally transformed
fibroblasts and lung tumor tissues using Si nuclease protection
analysis. The analysis was performed in a single tube per
sample, and all individual values were normalized against those
obtained for /3-actin. The level of TN mRNA in the transformed
fibroblasts was essentially the same as that for the normal
fibroblasts, although the level of FN mRNA was significantly
reduced to one third in the transformed cells (Fig. 6), leading
to about a 3-fold increase of the ratio of the levels of TN mRNA
to FN mRNA.

The expression levels of TN and FN mRNAs were also
compared between normal and cancerous lung tissues. AI

TO-

-S- 60

SO

40

30

I 20

10

Fig. 4. Altered alternative splicing of TN pre-mRNA in lung tumors. The
percentage of the Variant I mRNA in adenocarcinoma and squamous cell
carcinoma was compared with their surrounding normal tissues. Percentages of
the Variant 1 mRNA in matching normal and tumor tissues are indicated by
connecting them with a solid line when the level is higher in tumor than in normal
tissue or with a dashed line when the percentage is lower in tumor than normal
tissue.
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Fig. 5. Percentage of the Variant 1 mRNA in various types of lung tumors.
Percentages of the Variant 1 mRNA in all lung tumor tissues so far examined
are compiled irrespective of the availability of surrounding normal tissues. Ad
enoca., adenocarcinoma; ca., carcinoma.

Fig. 6. Expression level of TN and FN mRNAs in normal and transformed
lung fibroblasts. The relative abundance of TN (A) and FN (B) mRNAs was
determined by Si nuclease protection analysis as described in "Materials and
Methods." The relative levels of TN and FN mRNAs were normalized against
that for /3-actin mRNA. C, ratio of the levels of TN mRNA to FN mRNA.

though the levels of TN mRNA varied among individuals of
different types of lung tumors, squamous cell carcinomas ex
pressed significantly higher levels of TN mRNA than normal
lung tissues (P < 0.05) (Fig. 1A). Other types of lung tumors
did not show any statistically significant difference in the levels
of TN mRNA when compared with normal tissues.

In contrast, the levels of FN mRNA was decreased in many
lung tumor tissues (Fig. IB). The decrease of the FN mRNA
was more pronounced with squamous cell carcinoma and large
cell carcinoma than with adenocarcinoma. When the relative
ratio of TN mRNA to FN mRNA was compared between
normal and cancerous tissues, many tumor tissues displayed an
increased TN/FN mRNA ratio (Fig. 1C). Among various types
of lung tumor tissues, the increase of the TN/FN mRNA ratio
was most evident with squamous cell carcinoma and large cell
carcinoma but less significant with adenocarcinoma.

DISCUSSION

Two major extracellular matrix proteins, FN and TN, share
some molecular properties in common. Both the proteins con
sist of large subunit polypeptides that contain a long array of
FN type III repeats and exhibit a molecular polymorphism due
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Fig. 7. Expression levels of TN(/1) and FN(fi) mRNAs in various types of lung
tumor tissues. The relative abundance of TN and FN mRNAs was normalized
against that for /3-actin mRNA. C, ratio of the levels of TN mRNA to FN mRNA.
Adenoca., adenocarcinoma, ca., carcinoma.

to the alternative RNA splicing at the regions encoding FN
type III repeats. Despite these similarities, these two proteins
differ significantly in their expression in tumor tissues (5, 24)
as well as in their cell-adhesive properties (19, 25). In the
present investigation, we explored the qualitative and quanti
tative modulation of TN expression in cultured lung fibroblasts
and various lung tissues with special reference to the modula
tion of FN expression. We found that (a) alternative splicing
of TN pre-mRNA was modified to express more the Variant 1
mRNA in virally transformed fibroblasts and in fetal and some,
but not all, lung tumor tissues and (b) relative abundance of
TN mRNA versusFN mRNA was elevated in transformed cells
and in many lung tumor tissues.

Transformation-associated modification of the alternative
RNA splicing has been reported for FN at both mRNA and
protein levels (23, 26-28). Thus, the transformed fibroblasts
expressed more the FN mRNA containing the extra sequences
encoding either the ED-A or the ED-B type III repeat than the
normal fibroblasts did (23, 27, 28). We also obtained similar
results with the transformed fibroblasts used in the present
study.5 Since the alternative splicing of TN pre-mRNA was
modified in virally transformed fibroblasts to express more the
mRNA species containing the extra sequence, there is a paral
lelism between TN and FN in the mode of transformation-
dependent modification of the alternative RNA splicing. It has
been shown that the alternative splicing of FN pre-mRNA at
the IIICS region is also modified to include the extra sequences
in the transformed cells (29). These observations, taken to
gether, raise a possibility that cellular transformation, in gen
eral, modifies the molecular mechanisms of alternative RNA
splicing so as to include, but not exclude, the alternatively
spliced extra sequences, although further studies on the regu-

' F. Oyama el al. unpublished observation.

lation of alternative RNA splicing of other proteins are needed
to substantiate this possibility.

Despite a clear difference in the splicing pattern of TN pre-
mRNA between the normal and transformed cells, there was a
significant variability in the percentage of the Variant 1 mRNA
among lung tumor tissues. Some tumor tissues expressed more
the Variant 1 mRNA than normal tissues, whereas some other
tumors expressed less, ending up with no statistically significant
difference as a whole for each type of lung tumors. These results
are in striking contrast to the observation that the alternative
splicing of FN pre-mRNA at the ED-B exon was modified in
all types of lung tumors to increase the expression of the ED-
B+ mRNA species (18). The apparent complexity in the alter
native splicing pattern of TN pre-mRNA in lung tumors should
not be due to either the poor reproduciblity of S, nuclease
protection analysis or the presence of impurities in RNA prep
arations that might affect the analysis, because (a) the same
results were reproducibly obtained with the same RNA samples
in separate experiments and (b) an increase of the ED-B+ FN

mRNA was consistently observed with the same RNA samples
extracted from the tumor tissues (18). Although little has been
known about the molecular mechanisms of alternative splicing
of FN and TN pre-mRNAs, our results may suggest that factors
involved in the regulation of alternative splicing are similar, but
not identical, between FN and TN pre-mRNAs and that dere
gulated alternative RNA splicing in tumor tissues is not char
acteristic of FN, but rather a shared feature of some other
extracellular matrix proteins.

The physiological significance of the alternative splicing of
TN pre-mRNA has been only poorly understood. However, our
results on the ontogenic and oncogenic modulation of alterna
tive splicing suggest that modulation of the TN isoform diver
sity plays a role during the course of embryonic development
and carcinogenesis. Recently, Prieto et al. (30) have shown that
the expression of the alternatively spliced TN mRNAs changes
both spatially and temporally during chick embryonic devel
opment. The TN mRNA with the extra sequence was predom
inantly expressed in cerebellum, whereas the epithelia of cho-
roid plexus expressed mostly the mRNA species lacking the
extra sequence. Similarly, the differential expression of TN
mRNA variants during organogÃ©nesisof mouse kidney and gut
has been demonstrated by Weller et al. (31). Since TN is
implicated in the regulation of cell adhesion and cell migration
during embryonic development (1, 2, 25), a spatiotemporally
restricted expression of different forms of TN mRNAs may
modulate TN functions in histogenesis and organogÃ©nesis.

TN expression was altered in lung tumor tissues not only
qualitatively but also quantitatively. Many squamous cell car
cinomas expressed more TN mRNA than normal lung tissues,
although those tumors expressed a significantly reduced level
of FN mRNA, resulting in a marked increase in the ratio of
TN mRNA to FN mRNA. Among different types of lung
tumors, adenocarcinoma and large cell carcinoma also showed
an increase in the TN/FN mRNA ratio, but much less pro
nounced than that for squamous cell carcinoma. It should also
be noted that the TN/FN mRNA ratio was increased about 3-
fold in transformed lung fibroblasts due to the decreased expres
sion of FN mRNA. These results, taken together, indicate that
the increase of the TN/FN mRNA ratio is closely associated
with oncogenic transformation occurring both in vitro and in
vivo.

Although the function of TN in the extracellular matrix has
not been well understood, it is assumed that TN serves as an
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antagonist for FN in cell adhesion and migration to the matrix
during embryogenesis, histogenesis, and wound healing. Indeed,
TN inhibits cell adhesion to FN-coated substrate (19) and
causes cell rounding and detachment (11). Furthermore, TN
has been shown to inhibit mesodermal cell migration during
amphibian gastrulation induced by an FN-rich extracellular
matrix (25). In view of the contrasting properties of these two
proteins, the increased TN/FN mRNA ratio may well contrib
ute to the altered morphology and the reduced adhesiveness of
tumor cells. A clear difference in the TN/FN mRNA ratio
between adenocarcinoma and squamous cell carcinoma appears
to reflect the differences in the histological properties of these
tumors. Whether the TN/FN mRNA ratio in various lung
tumors correlates with invasiveness and metastasis of the tu
mors remains to be investigated with more tumor specimens of
different degrees of malignancy.

After the completion of this study, Siri et al. (13) have
reported that alternative splicing of human TN mRNA could
yield at least four different mRNA species, of which one species
contained all alternatively spliced FN type III repeats (i.e., the
Variant 1 mRNA), while other species lacked the eleventh type
III repeat (the Variant 3 mRNA), the sixth through ninth and
11th repeats (the Variant 4 mRNA), or the sixth through 11th
repeats (the Variant 5 mRNA). Since our probe DNA used for
Si nuclease protection analysis could only distinguish the
mRNA species containing the sixth type III repeat from those
lacking it, the mRNA species defined as the Variant 1 mRNA
in the present investigation should include both the Variant 1
and Variant 5 mRNA species which differ in the presence or
absence of the llth type III repeat. Thus, our observations on
the ontogenic and oncogenic modulation of the alternative
splicing of TN mRNA should be confined to the modulation of
the alternative splicing at the junction between exons encoding
the fifth and sixth type III repeats. Whether the alternative
splicing causing a gain or loss of the 11th type III repeat is also
regulated in an oncodevelopmental manner remains to be
investigated.
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