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Summary

We have characterized the nature of structural alleles of the transforming growth factor-alpha (TGFa) locus by
restriction-enzyme digestion with BamHI, RsaI, and TaqI. The BamHI polymorphic site is located within exon
VI, which codes for the 3' untranslated region. The two BamHI alleles differ by a single point mutation at the
restriction site. The RsaI and TaqI polymorphic sites are located within intron V. The two alleles differ at the
restriction site, either by a point mutation (RsaI) or by a 4-bp deletion (TaqI). This analysis permits us to devise
a PCR method coupled with restriction digestions to directly identify the TGFa polymorphisms. Analysis of 99
Caucasian controls has revealed a highly significant (P < .001) association between the RsaI and the BamHI
genotype. The frequency of the rare BamHI allele was significantly higher (P < .001) in transformed cell lines
(.30) than in controls (.076).

Introduction

Transforming growth factor-alpha (TGFt) is a 50-
amino-acid, 5.6-kD secreted polypeptide which is
cleaved from a larger integral membrane glycoprotein
(Derynck et al. 1984). Structurally and functionally,
TGFa resembles epidermal growth factor (EGF) and
induces a mitogenic response by binding to and stimu-
lating the tyrosine kinase activity of 170-kD cell-surface
EGF receptor (Marquardt et al. 1983, 1984; Massague
1983b). TGFa was originally found in culture fluids
from various oncogenically transformed cells (De Larco
and Todaro 1978; Todaro et al. 1980). Subsequent stud-
ies showed that TGFa expression is most prevalent in
tumor-derived cell lines and in cells transformed by cel-
lular oncogenes, retrovirus, and tumor promoters (De
Larco and Todaro 1978; Todaro et al. 1980; Anzano et
al. 1983; Marquardt et al. 1983; Massague 1983a; De-
rynck et al. 1987). These findings and the transforming
effect of TGFa cDNA transfected into fibroblasts and
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epithelial cells have suggested that TGFcc might be in-
volved in the generation or progression of some forms
of neoplasia (Rosenthal et al. 1986; Watanabe et al.
1987; McGeady et al. 1989). This possibility is sup-
ported by the high incidence of mammary and liver
neoplasias in transgenic mice which chronically overex-
press TGFcc in these tissues (Uhappan et al. 1990; Matsui
et al. 1990; Sandgren et al. 1990).

It has been reported that the gene for human TGFa is
70-100 kbp (Derynck 1988) and localized by in situ
hybridization on chromosome 2pl3 (Tricoli et al.
1986), close to the breakpoint of the Burkitt lymphoma
t(2:8) variant translocation (Brissenden et al. 1985).
Murray et al. (1986) and Hayward et al. (1987) have
demonstrated RFLP for the human TGFa locus, with
the restriction endonucleases BamHI (two alleles, 7.0
kbp and 4 kbp), RsaI (two alleles, 1.5 kbp and 1.2 kbp),
and TaqI (two alleles, 3.0 kbp and 2.7 kbp). Using RFLP
to analyze the DNA, Hayward et al. (1988) found that a
TaqI 2.7-kbp fragment was associated with melanoma
cell lines. In addition, it has been reported that the TaqI
2.7-kbp and BamHI 4-kbp fragments were associated
with cleft lip and/or palate, a nonsyndromic craniofa-
cial malformation (Ardinger et al. 1989; Chenevix-
Trench et al. 1991). By restriction with BamHI, we have
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Table I

Genotypes at BamHl, Rsal, and Taql Polymorphic Sites, for Different Human Transformed Cell Lines

ALLELE POLYMORPHISM

CELL LINE TYPE ORIGIN BamHI Rsal

MCF-7 ...................... Breast carcinoma Caucasian AI A'2 B1 B2
ZR-75-1 ...................... Breast carcinoma Caucasian A'1 A'2 B1 B2
T-47D ...................... Breast carcinoma Unknown A'2 A'2 B2 B2
KHOS-240 Osteosarcoma Caucasian A'2 A'2 B2 B2
Saos-2 ...................... Osteogenic sarcoma Caucasian A'1 A'2 Bi B2
SW613-S,C13 ................. Colon carcinoma Caucasian AI A'2 B1 B1
A-431 ...................... Epidermoic carcinoma Unknown A'2 A'2 B2 B2
HeLa ...................... Epitheloid cervical carcinoma Black A'2 A'2 B2 B2
HT 1080 ...................... Fibrosarcoma Caucasian A'1 A'1 B1 Bi
Raji ...................... Burkitt lymphoma Black A'2 A'2 B2 B2

.A'1 .30 BI .35
Frequencies A'2 .70 B2 .65
Observed heterozygoty .40% 30%

identified (Qian et al. 1991) two-allele polymorphisms,
10- and 7-kbp, distinct from the two-allele BamHI
polymorphisms described by Murray et al. (1986). How-
ever, in agreement with these authors, we showed a
linkage disequilibrium between BamHI and RsaI poly-
morphisms.
We have shown elsewhere that the two-allele (10-

and 7-kbp) polymorphisms are associated with bilateral
sporadic cleft lip and palate (Stoll et al. 1992). These
studies have revealed that TGFa RFLPs might be of
interest as markers. Results presented in the present
paper give the sequences of the two-allele BamHI,
TaqI, and RsaI polymorphisms. This analysis allows us
to introduce a PCR method coupled to restriction-en-
zyme digestion to directly identify these TGFa poly-
morphisms.

EXON 1

Material and Methods

whom these cell lines were
table 1.

derived are presented in

TGFa-specific Clones
pJF25 and pJF26 cDNA clones have already been

described elsewhere (Qian et al. 1991). Map locations
of these clones are given in figure 1.
A human genomic library has been screened with

pTGF-C1 cDNA (Derynck et al. 1984). A 16-kbp clone

pJF2B pJF25
E B

2 3 4 5 6
A A
B B

......
..

Samples
Ninety-nine DNA samples obtained from Alsatian-

Caucasian individuals and 10 DNA samples from trans-
formed cell lines were analyzed for BamHI, RsaI,
and TaqI RFLPs at the hTGFa locus. Nine cell lines
(Saos-2, KHOS-240S, MCF-7, T-47D, ZR-75-1, A-431,
HT 1080, HeLa, and Raji) were obtained from the
ATCC collection. The SW613-S cell line derived from a
colon carcinoma (Modjatahedi et al. 1992) was a gift
from 0. Brison. Ethnic origins of the individuals from

B
(3X2) (I)

TT*R RR* RR B*
I II 1 L IL..1 11 II II

I I I I I 11 I
X XA AS XAHE

pJF17

Figure I Schematic representation of the TGFa gene struc-
ture and the corresponding cDNA. Exons are shown as cross-
hatched boxes. Positions of pJF25 and pJF26 cDNA clones are indi-
cated at the top. The lower panel gives the partial restriction map of
the 7-kbp BamHI genomic fragment. Restriction sites are shown: E
= EcoRI; B = BamHI; T = TaqI; R = RsaI; X = Xbal; A = ApaI, S
= Sad; and H = Hindlll. The asterisks mark the polymorphic sites.
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ttattttattttttaagacagagtcttactctatcacccaggctggagtgcaatggcgtg
atctcggctcactgcaatctccacctcccagtttcaagtgattc

cgagtagctgggattacaggctgcccaccaccacgcccagaaaa

agagacggggtttcgcagtattggccaggctggtctcaaactcc

gcctgcctcggcctcccaaagtgctggcatgagccactgtgccc
tcttattcttaaaaagatgtgcaaattggaggagtactgatata

gtatcacccaattgtaggcactcaagagatgttcattctctttc

tcccctttttcatctgtaaaaggaggaatttggcctatgaaagg
aacccttagatcctatgatcttcattaagtttaccttgtttcct

atccatgaagacatcaggatgtggggcccagcttgcacctcaga

agtggctctgtgcttgaggaggtgaagagtccttcatccaaajA
acaccggccagcttttcagggattcaattttgaccaagagagcc
ttgaggacatagtgggtcaagagacagtcattaaagcgaatcca

:tcctgcctcagcctct 120

itttttgtatttttagt 180

:tgacctcaggtgatct 240

:ggcttaccctcggttt 300

aaatacctagtatagt 360

:ccttgagaaagtcact 420

4 -bp-del>TaqI
rtcetct ..tgaccttaa 480

tggatattttcgccaac 540

Lgcctcctcggagcatc 600

LggggaAaaagattc 660

:catcgtaaagttcttc 720

cccagaggtgtccttc 780

cctagtaaacagttggcgttcagaagttccagggtccatggagagggtagggaggaaggc

ttctgggaggctggacacatgtgcattcattagagctcatggtcatctggagggagctga

agccccaagaacatatgtgtttgttctttatttcaataaccatagtcatcgtgcacagta

agggagcacacagagagtgcgggacgggcacttgagatttaggagccacagctcttgagg

atgcaaatccattcagccttacagtggtcttaggaagaggatggctcatgagcgatgtgg

gtaaactgagtctgatgacagcctgcttgggtcccactgggaatcagtgggggagtgagg

atgagaaccagggcctctaAagccccctctcaacatctcctttcagctaccttgggctaa
tctattgagctaatgaaggtaaatattttttcttttagcaccaatagaaaaatgttttta

atcttttaagaaaatttgtaatagattctgtagcatttgtctgaacctaacagagtcatt

tggggtggagtaagtttcttgttaatgtcacttcttctctacccacatttaagaagttag

ctctaagcctggggatgggtctggcctttagagatggcaacctgggctgaagtccctctc

cctcagatggtgcatatcacaacctcatatagcacctgtcaggcctgctgggcctaaagg

atgggtgaaccagtggtactcacctgtgagcacctctagaagaa

gagacatgtccaggctaagctgaactcaggaactgaggacggtc

gcacaacacagaggataccctcagggcccagccattgaaaaata
tatggcctcaggggaagcctttctgccaccagagcctggactag
accccttacaggatctgactgcaggccagattaaaatgagaccc
ccccccgctcccccccatctgccttccttctgctatcactcact

RsaJ
atcagtctctctaacttcctttggcactgaaa&Wtalgtcag
gactgaaccagcagaatttggactcgggcctaactgcccgagag

tccatggcaaggaccta

:catgccctcacga
aatgggtccattcttg

rggctgcccaccaagcc
:tcacaacagggggcat
*cactcactcactttca

aggttgcggtccctga

raacttggtgacattgg
ctctgcatctccaagtctctttcctaagcttattttcccaacgtggccagggtgtggccc
acagtgcttaacctgtttttccttcctgccag] [TGGTCTGAAGAGCCCAGAGGAGAAGT
TTGGCCAGGTGGACTGTGGCAGATCAATAAAGAAAGGCTTCTTCAGGACAGCACTGCCAG
AGATGCCTGGGTGTGCCACAGCCTTCCTACTTGGCCTGTAATCACCTGTGCAGCCTTTTG
TGGGCCTTCAAA.ACTCTGTCAAGAACTCCGTCTGCTTGGGGTTATTCA
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Figure 2 Nucleotide sequences of the Rsal-B2/Taq-C1
haplotype. Amplified fragments are shown in boldface. The under-
lined sequences correspond to the position of primer pairs PAS-PA6
and PA7-PA8, used to amplify the Rsal and the Taql polymorphic
regions, respectively (see table 2). The locations of the polymorphic
restriction sites are shown above the sequence. The three nucleotides
which are changed in the Rsa-B1 haplotype are indicated by asterisks.
The intronic sequences are shown in lowercase letters. The intron

V-exon VI boundary is denoted by "] [". This nucleotide sequence

has been deposited at the EMBL Data Library (accession no.

X70341).

was isolated and subcloned in Bluescript vector (Strata-
gene). Determination of the restriction map and partial
DNA sequencing permits the identification of the in-

tron V-exon VI junction to be identified (fig. 2). The
HindIlI-EcoRI fragment of 456 bp which encompasses

this junction was subcloned in the pBS vector (Strata-
gene) to give the pJF17 recombinant (fig. 1).

Sequence Analysis of Genomic DNA
Overlapping clones were generated by digestion with

exonuclease III and were sequenced by extension of

Qian et al.

M13 universal primer by the dideoxynucleotide chain-
termination method (T7 sequencing kit; Pharmacia).

PCR of TGFa Genomic DNA
The PCR mixture contained 1 gg of genomic DNA

and 25 pmol of left and right primers in a final volume
of 50 pI (PCR mixture = 50 mM KCI, 10mM Tris-HCI
pH 8.3, 1.5 mM MgCl2, 0.005% Tween 20, 0.005%
NP-40, 0.2 mM each of dATP, dCTP, dGTP, and
dTTP, 1 U of ReplithermM thermostable DNA poly-
merase [Epicentre technologies]). Sequences of the
three primer pairs AP3/AP4 (BamHI polymorphism),
AP5/AP6 (RsaI polymorphism), and AP7/AP8 (TaqI
polymorphism) are given in table 2. After an initial step
of denaturation at 95°C for 5 min, 30 cycles of 92°C
for 30 s, 55°C (AP3/AP4), 60°C (AP5/AP6), or 57°C
(AP7/AP8) for 30 s, and 72°C for 1 min 30 s were used,
followed by a final 72°C step for 15 min.

Asymmetric PCR DNA Sequencing
Asymmetric PCR methods were used to generate sin-

gle-stranded DNA for sequencing. Reactions were
carried out in 50 p1 of PCR mixture with 5 p1 of unpuri-
fied product of a previous PCR, in the presence of 25
pmol of only one primer of each pair. The PCR ran for
12 cycles at 92°C for 30 s, 55°C, 60°C, or 57°C (de-
pending on the primer pair) for 30 s, and 72°C for 1 min
30 s, followed by a final step at 72°C for 15 min. The
PCR reaction was separated from the mineral oil, ex-
tracted with phenol and CHC13, and precipitated by
ethanol two times. The precipitate was collected by
centrifugation and redissolved in 10 ,l of 10 mM Tris-
HCI pH 7.5, 1 mM EDTA. An aliquot of the resulting
solution of single-stranded DNA was used directly for
DNA sequencing by the dideoxynucleotide chain-ter-
mination method (T7 sequencing kit; Pharmacia).

Statistical Methods
Comparisons between allele or genotype frequencies

were performed by using the x2 test. When necessary,
Yates' correction was used.

Results

Mapping of TGFa Gene RFLP in Intron V and Exon VI
The three BamHI, RsaI, and TaqI RFLPs were de-

tected with the two cDNA clones pJF25 and pJF26,
which encompass the complete cDNA sequences (fig.
1). These two clones revealed two polymorphic bands:
10 and 7 kbp after digestion with BamHI, 1.5 and 1.2
kbp after digestion with RsaI, and 3 and 2.7 kbp after
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Table 2

Polymorphic Sequences and Primer Pairs Used for PCR Amplification

SIZE OF PCR POLYMORPHIC RESTRICTION SITE(S)
POLYMORPHIC AMPLIFICATION PRIMER PAIR FRAGMENTa

ALLELE (5' to 3') (bp) Sequenceb Location

A'1 (10 kbp) . AP3, ACAGATGGCGGAACGAGAGGT 434 AGCATTGGCTCCCTCTGC1 Exon VI (in the 3UTR, at
A'2 (7 kbp) ........ AP4, CTAAAGGGCAAGGAAACACAGI {- A-j 2,767 bp from the first

BamHI ATG)

B1 (1.5 kbp) ...... AP5,TGCCTCACCACGACAGACACA 657 ACTGAAAGTATTATGTCA Intron V (177 bp
B2 (1.2 kbp) ...... AP6, TGAATAACCCCAAGCAGACGGJ ----------C--G----J untronV(of7bp

RsaI upstream of the
acceptor site of exon

VI)

Cl (3 kbp) ...... AP7, TTGTTTTGTTTTTTGAGACGG 662 AGGTCTCTAATGACCTTA1 Intron V (1,602 bp
C2 (2.7 kbp) ...... AP8, GTGAGACTTTTCCAGCCCTGTJ 662----

Taql upstream of the
acceptor site of exon

VI)

a According to fig. 2.
b Sequence gels are presented in fig. 4.

digestion with TaqI (Qian et al. 1991). Moreover, some
additional constant bands regularly appeared with both
inserts from pJF25 and pJF26. However, the clone
pJF17, which maps at the junction of intron V and exon
VI (fig. 1), detects only the BamHI, RsaI, and TaqI
polymorphic fragments (Qian et al. 1991). The pJF17
insert was derived from a genomic clone isolated from a
human library. A partial restriction map of the parental
clone is also presented in figure 1. The recombinant
pJF17 was constructed from the 456-bp HindIII-EcoRI
fragment subcloned in the pBS vector. Sequence analy-
sis indicated that this fragment includes 66 nt of intron
V and 390 nt of exon VI (fig. 2). The fact that this
fragment detects the three BamHI, TaqI, and RsaI
RFLPs indicates that these three polymorphisms are lo-
cated close to one another in a region which encom-
passes the intron V-exon VI junction.

Identification of the Polymorphic BamHI, Rsal, and TaqI
Recognition Sequences

In an attempt to characterize the three BamHI, RsaI,
and TaqI sites by PCR, the sequences surrounding the
candidate restriction sites within intron V and exon VI
were determined (fig. 2 and EMBL Data Library; acces-
sion nos. X70340 and X70341) and were used to design
PCR primers. Table 2 summarizes the primer pairs used
for amplification, the location of the polymorphic site,
and the two allelic sequences for each polymorphic rec-

ognition site. In agreement with Murray et al. (1986)
and Hayward et al. (1987), haplotype designations were
RsaI-B1 (1.5 kbp), RsaI-B2 (1.2 kbp), TaqI-C1 (3 kbp),
and TaqI-C2 (2.7 kbp). The BamHI alleles identified in
our study were designated as BamHI-A'1 (10 kbp) and
BamHI-A'2 (7 kbp), to be distinguished from the
BamHI-A1 (7 kbp) and BamHI-A2 (4 kbp) haplotypes
reported by these authors.
The primer pair AP3 and AP4 (table 2) was chosen to

amplify a 434-bp fragment which asymmetrically
brackets the BamHI site located on the right side of the
pJF17 sequence. The amplification product of A'2 allele
is cleaved by BamHI, giving two fragments of 121 and
313 bp, whereas the amplified product of the A'1 allele
is not cleaved (fig. 3A). Direct sequence analysis of PCR
products revealed a single point mutation (A-to-C
transversion) within exon VI, at nt 2767 (nt 1 is counted
from the A of the initiation codon) of the 3' untrans-
lated region (UTR) of TGFa-specific mRNA. This mu-
tation results in the loss of the BamHI cleavage site. No
other mutation has been detected within the 434-bp
two-allele-specific PCR products (fig. 4A and table 2).
The two PA5 and PA6 primers were designed to

flank the first RsaI site located on the left side of the
pJF17 insert. The 657-bp fragment obtained with the
B2 allele is cleaved by RsaI into two fragments of 373
and 284 bp, whereas the 657-bp amplified fragment of
B1 allele is not cleaved (fig. 3B). Direct sequence analy-
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Figure 3 Mapping of TGFa gene BamHl, RsaI, and TaqI
polymorphic sites by PCR/RFLP method. A, Position of BamHI
polymorphic site. B, Position of RsaI polymorphic site. C, Position of
TaqI polymorphic site. In each panel, the partial restriction map of
the region which encompasses the intron V-exon VI junction is indi-
cated, and exon VI is shown as a thick line. Asterisks mark the poly-
morphic recognition sites. The two lines above the restriction map
give the position of the two BamHI (panel A), Rsal (panel B), and
TaqI (panel C) RFLPs. For each polymorphism, a schematic represen-

tation of PCR products, with the expected fragment sizes, is indi-
cated below the restriction map. Sequences of primer pairs AP3/
AP4, AP5/AP6, and AP7/AP8 are indicated in table 1. On the right a

photograph of ethidium bromide-stained 1.2% agarose gel of PCR
products digested with BamHI (panel A), Rsal (panel B), or Taql
(panel C) is presented. Examples of the three phenotypes are indi-
cated in each case.

sis of the PCR products reveals a 1-bp change in the
RsaI recognition sequence (C-to-T transition). In addi-
tion, both a G residue located 3 nt downstream and
another G residue located 22 nt upstream were re-

placed by T (fig. 4B and table 2). No other mutation has
been detected in the 657-bp two-allele-specific PCR
products.

The primer pair PA7 and PA8 was chosen to amplify
a 662-bp fragment which asymmetrically brackets the
TaqI site located downstream from the pJF17 se-

quence. The amplified product of the C1 allele is
cleaved once with TaqI, resulting in two fragments of
543 and 194 bp, whereas TaqI digestion of the ampli-
fied products from the C2 allele revealed an additional
TaqI cleavage site (fig. 3C). Direct sequence analysis of
the PCR products identified a 4-bp deletion resulting in
the creation of a new TaqI site (fig. 4C and table 2). No
other mutation has been detected in the 662-bp two-al-
lele-specific PCR products.

Frequencies of BamHl, Rsal, and TaqI Two-Allele
Polymorphisms in a Population of 99 Unrelated
Caucasians: Comparison with Frequencies Measured
in 10 Different Human Transformed Cell Lines

Allele frequencies estimated from 99 healthy unre-

lated individuals are presented in table 3. Frequencies
of the RsaI and TaqI two-allele polymorphisms corre-

spond to the estimates published by Murray et al.
(1986) and Hayward et al. (1987). The frequencies of
the 10- and 7-kbp BamHI alleles were .076 and .924,
respectively. Moreover, there is a highly significant asso-

ciation between the Rsal and the BamHI genotypes
(table 4) (P < .001) (%2 = 19.79, 2 df). The value of the
linkage disequilibrium (D) between A'1 and B1 is D
= .0537. This value is very close to the maximum value
of D (Dm,,,) for the observed gene frequencies (D..g.
= .0538). There is no linkage disequilibrium between
these two loci and the TaqI locus (data not shown).
We previously determined the sequence of a full-

length TGFa cDNA clone isolated from a cDNA li-
brary derived from the human SW613-S cell line. Se-
quence analysis of the 3'UTR did not identify a BamHI
site. This result indicates that cDNA clone was derived
from the BamHI 10-kbp allele, suggesting that the rare

A'1 allele is more frequent in tumor cell lines. To test

this hypothesis, different transformed cell lines were

analyzed for the presence of the rare A'1 allele. Cell-line
genotypes are presented in table 1, with the ethnic ori-
gin of patients from whom the cell lines were derived.
As shown in table 5, the frequency of the A'1 allele was
significantly higher (P < .001) in transformed cells than
in control cells. Moreover, results presented in table 1
show that the frequency of the A'1 allele was even

higher (50% instead of 90%) when only transformed
cell lines derived from Caucasian individuals were con-

sidered. Furthermore, one (HT 1080) of six cell lines
derived from Caucasian individuals is homozygous for

A
1kb

A'2 £1 A'1 #
I§~~~~- A'S A'dA'

A'1 bp

B T RR RT 3* B

I A~~~~1lr.LL.L - -~

313bp ems IZ1bp
434bp

B~~~~~~~~~B
32~~~~~~~b

1kb I- SI SI

B T RR* RT B

pJF17
. s-- -515

2B4bp 37pL

akb-* B57bp I

1kb I --- I C2 c2Ci bp
- , l3c - 5:'

--I- 343

B TT* RR RT B 1
--- pJF17

Taql Taqi*
1ibpl 349bp , 194bp
-a 662bp <-
AP7 AP8
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Figure 4 Identification of BamHl, Rsal, and Taql polymorphic site mutations. Direct sequence analysis of PCR-amplified genomic DNA
of a BamHI 7-kbp homozygote and a 7-kbp/10-kbp heterozygote (panel A), a Rsal 1.2-kbp/1.5-kbp homozygote (panel B), and a Taql
3-kbp/2.7-kbp homozygote (panel C). Sequences of primer pairs used to generate PCR products are depicted in table 1. Sequences surrounding
the polymorphic sites are indicated (read 5' to 3', from top to bottom). Mutated nucleotides are marked with an asterisk.

the A'1 allele, compared with none of 99 Caucasian
controls (tables 1 and 4).

Discussion

This study was begun in order to investigate the na-

ture of structural variability at the human TGFa locus.
Elucidation of polymorphism at this locus may provide
significant insights into potential contributions of this
locus to possible associated human diseases. We have
characterized the location and the nature of a structural
allelism of the TGFa locus demonstrated by restric-
tion-enzyme digestion with BamHI, RsaI, and TaqI.
The RsaI and TaqI polymorphic sites are located within
intron V, whereas the BamHI polymorphic site is lo-
cated within the 3'UTR (exon VI) at nt 2767 (nt 1 is

Table 3

Two-Allele Polymorphism Frequencies in Control
Caucasian Individuals

Observed
Polymorphism Alleles Frequencies Heterozygosity

BamHI ........ (A' (10 kbp) .076 .15 (15/99)lA'2 (7 kbp) .924

Rsal ...........
Bi (1.5 kbp) .293

.36 (36/99)Rsa .*----------CB2 (1.2 kbp) .707 J .3 (36/99)

Taql.........C1 (3 kbp) .930 1
1 1/2TaqI . 1~~C2 (2.7 kbp) .070 .1(2/)

counted from the A of the initiation codon). Using PCR
analysis, Sheffield et al. (1992) have identified another
polymorphism within an upstream fragment of the
3'UTR (nt 734-1079).

Creation of a new TaqI site by a deletion of 4 nt

within intron V leads to a 2.7-kbp fragment (C2 allele)
instead of a 3-kbp fragment (Cl allele). Point mutations
within and close to the RsaI recognition sequence give

rise to the 1.5-kbp fragment (B1 allele) instead of the
1.2-kbp fragment (B2 allele). Similarly, a single point
mutation within the BamHI recognition sequence leads
to the emergence of the A'1 allele characterized by the
10-kbp fragment. All of these polymorphic fragments
can be detected with the two cDNA probes pJF25 and
pJF26, which revealed, in addition, some constant
bands. However, the pJF17 probe which corresponds
to a genomic DNA fragment of 456 bp mapping at the
intron V-exon VI junction only revealed the polymor-

Table 4

Association between BamHl/Rsal RFLPs in Control
Caucasian Individuals

Rsal GENOTYPE

BamHI GENOTYPE B1/B1 B1/B2 B2/B2

A'1 /A'2 .......... 4 1 1 0
A'2/A'2 .......... 7 25 52

NOTE.-No A'l/A'l individuals were observed. P <.001.

T ~--
T
Ga
A
T
C 0-

C,C,:
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Table 5

Comparison between Transformed Cell Lines and
Lymphocytes from Control Individuals,
for Presence of A'l Allele

No. (%) OF ALLELE

A'1 A'2

Control individuals (n = 99) ......... 15 (7.6) 183 (92.4)
Transformed cell lines (n = 10) ...... 6 (30) 14 (70)

NOTE._X2 = 8.08; P < .001.

phic bands. This probe permits a better interpretation
of the restriction-fragment patterns.
Murray et al. (1986) first described the polymor-

phism at the TGFa locus and demonstrated that
BamHI identifies a two-allele polymorphism of 7 and 4
kbp with frequencies of .17 and .83, respectively. In
contrast, we detected two BamHI polymorphic alleles
of 10 and 7 kbp with frequencies of .076 and .924,
respectively (Qian et al. 1991). However, the following
observations strongly suggest that both studies actually
identify the same BamHI polymorphism: (i) We were
unable to detect a 4-kbp allele, although the two pJF25
and pJF26 probes correspond to Murray's probes, ac-
cording to their description. (ii) Sequence analysis of
the polymorphic region did not permit us to identify
another BamHI site which would account for a 4-kbp
fragment. (iii) Both studies revealed a linkage disequilib-
rium between the 10-kbp BamHI locus and the 1.5-kbp
RsaI locus.
Whereas the 10-kbp BamHI allele is detected at a

very low frequency (.076) for the control population,
this allele is found with a higher frequency in trans-
formed cell lines (.30 irrespective of the ethnic origin of
donor individuals, or .50 when the cell lines considered
were those derived from Caucasian individuals only). In
spite of the relatively low number of transfoi med cells
analyzed, the difference in frequencies is statistically
significant (P = .001), suggesting an advantage for the
10-kbp allele. As this allele is located within the 3'UTR
of TGFa mRNA, it should allow the PCR-based deter-
mination of allele-specific expression within RNA sam-
ples, in addition to the detection of allele imbalance
within DNA samples.
Hayward et al. (1988) have reported a statistically

significant association between the TaqI polymorphism
and cutaneous malignant melanoma (MM). The fre-
quency of the 2.7-kbp allele in MM cell lines (.18) was
significantly higher (P < .01) than that in lymphoblas-

toid cell lines derived from unaffected controls (.05).
To explain the aberrant or inappropriate TGFa expres-
sion occurring frequently in melanoma, certain authors
have asked whether TaqI polymorphism relates to an
altered expression or stability of TGFa mRNA (Mar-
quardt et al. 1983; Derynck et al. 1987; Ellem et al.
1988). The localization of the TaqI polymorphism site
within intron V seems to exclude a direct involvement
of this polymorphism in TGFa expression.

Ardinger et al. (1989) found an association between
the TaqI and BamHI RFLPs and the occurrence of cleft
lip and palate, suggesting that either the TGFa gene
itself or the DNA sequences in an adjacent region con-
tribute to the development of a fraction of cases of cleft
lip and palate. We have studied the occurrence of
TGFcc gene RFLPs both in patients with cleft lip and
palate and in normal individuals (Stoll et al. 1992). Our
results revealed an association between the subgroup
with bilateral cleft lip and palate and the 10-kbp
BamHI allele of the TGFa gene. We recently confirmed
this point by analyzing a larger population (results not
shown). The results presented in the present paper
make possible the use of a PCR-based method to ex-
tend these investigations.
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