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Abstract

Hereditary angioneurotic edema (HANE) results from the de-
ficiency of the inhibitor of the first component of human com-
plement (C1-INH). It is inherited as an autosomal dominant
trait. Heterogeneity of this defect has been shown at the pro-
tein and mRNAlevel. Southern blot analysis of genomic DNA
was performed after digestion with six different restriction en-
donucleases in 24 families affected with type 1 HANE(low
antigenic and functional C1-INH levels) and five with type 2
(low functional C1-INH levels and normal or elevated levels of
dysmorphic C1-INH). Blots were hybridized with a C1-INH
cDNAprobe of 1,227 bp. With one enzyme (Pst I), two differ-
ent patterns of restriction fragment length polymorphism
(RFLP) were detected. One was present in one kindred with
type 1 HANEand the other appeared the same in one type 1
and in one type 2 family, thus indicating that each RFLP re-
sulted from a different mutation. Analysis of a total of 34
members of these three families suggested that the polymor-
phisms are tightly linked to the mutation responsible for the
disease. Using a 170-bp probe we showed that the three dif-
ferent mutations leading to these polymorphisms are located in
the same region of the C1-INH gene. These data suggest that
different mutations in the same region of the C1-INH gene are
responsible for C1-INIT deficiency in these families. Most of
these mutations are probably point mutations or other "minor"
defects and do not appear to be due to major deletions or
rearrangements.

Introduction

Hereditary angioneurotic edema (HANE)' is due to the defi-
ciency of the inhibitor of the first component of human com-
plement (C l-INH) and is inherited as an autosomal dominant
trait (1). The disease is characterized by episodic localized
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swelling of the subcutaneous tissue, or of the gastrointestinal or
laryngeal mucosa (2-4). Symptoms can be controlled by ther-
apy with androgen derivatives (5), and attacks can be reversed
by the infusion of C1-INH plasma concentrate (6). Heteroge-
neity of the defect has been shown at the protein and mRNA
level (7-9). Most individuals with HANEhave decreased
serum concentration of both antigenic and functional C1-
INH; mononuclear phagocytes from these patients have levels
of CI -INH mRNAthat are approximately half of normal (type
1 HANE). Type 2 HANE, which comprises 15% of affected
families, is characterized by the presence of normal or in-
creased concentrations in serum of a mutant Cl-INH. Analy-
sis of the Cl-INH gene in normal individuals has revealed a
restriction fragment length polymorphism (RFLP) using the
restriction endonuclease HgiA I (10). Southern blot analysis
from 10 patients failed to detect any RFLP(10, 1 1). However,
one report has indicated that polymorphism of the Cl-INH
gene is relatively commonamong patients with HANE(12). In
the data presented here, we have evaluated 29 HANEkindred
for RFLPs. Amongthese families only 2 of 24 with type 1, and
1 of 5 with type 2 revealed RFLPs linked to C1-INH defi-
ciency.

Methods

Patients. 34 subjects belonging to 24 families with type I HANEand
27 belonging to 5 families with type 2 were studied. Among the type 1
families, 21 were from Italy (all of Italian ancestry) and 3 were cauca-
sian American (national origin not known). Two of the type 2 families
were Italian and three were caucasian American (national origin not
known). 18 normal volunteers were analyzed at the same time.

Preparation of human genomic DNAand Southern blotting. 30 ml
of blood were drawn into a syringe containing 1 ml of 200 mMEDTA,
pH 8. The DNAwas extracted from white blood cells, as previously
described ( 13). DNAsamples of 5-10Ogg were digested with restriction
enzymes at a concentration of 5 U/,l (New England Biolabs, Beverly,
MA). DNAwas separated by electrophoresis on 0.8% agarose gel (Ul-
trapure agarose; Bethesda Research Laboratories, Gaithersburg, MD),
treated according to Wahl et al. (14), and blotted onto nitrocellulose
(BA 85, Schleicher & Shuell, Inc., Keene, NH) (1 5). Prehybridization
and hybridization were carried out at 42°C in a mixture containing
50% formamide. The Cl-INH probe used was a 1,227-bp cDNA
(pCl-INH 116) that extended from nucleotide 554 to nucleotide 1,780
(numbered according to Bock et al. [10]). This probe was isolated from
a human liver cDNA library cloned into the plasmid pAT 153 (16).
Labeling of the probe was achieved by nick translation (Nick Transla-
tion Kit; (Bethesda Research Laboratories) using alpha [32P]dCTP
(New England Nuclear, Boston, MA). Hybridization patterns were
visualized by autoradiography. As an alternative to radioactive label,
some of the experiments were done by nick translation of the probe by
biotin "dUTP (Bethesda Research Laboratories). Visualization was
obtained by enzymatic reaction (Blue Gene Kit; Bethesda Research
Laboratories).
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Figure 1. RFLP detected after Pst I digestion of genomic DNAin
three different families affected with type 1 HANE(A and B) and
type 2 (C). The blots were hybridized with a 1,227-bp C l -INH
cDNAprobe. Numbers on each track indicate the subject according
to fig. 3. Nonaffected members of these families show three major
bands of 4.2, 2.9, and 2.7 kb. Individuals with HANEin families A
and Chave an additional band of 3.1 kb. In these subjects the 2.9-kb
normal band appears half the intensity of the same band in nonaf-
fected individuals. In family B the members with the disease have an
additional band of 1.7 kb. The 2.9-kb normal band in these subjects
is also half the intensity of the same band in nonaffected individuals.

Results

Genomic DNAfrom 61 HANEpatients and 18 normal indi-
viduals was subjected to Southern blot analysis after digestion
with six different restriction endonucleases (Pst I, Hind III,

Bam HI, Eco RI, Pvu II, Bgl II). Samples from patients and
normal individuals revealed identical patterns with five of the
six endonucleases. With Pst I, polymorphism was detected in
three affected Italian kindred. Two of the families (A and B)
were affected with type 1 HANE; family Chad type 2 disease.
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The "normal" pattern for Pst I consists of four fragments that
hybridize with the probe, with sizes of 4.2, 2.9, 2.7, and < 0.5
kb (Fig. 1). The smallest fragment is not shown in the figures.
Families A and Crevealed, in addition to the normal pattern, a
band of 3.1 kb (Fig. 1). In each of the affected individuals the
2.9-kb band appears to be present at one-half the intensity of

A

II

the same band in the normal patterns. This suggests that the
3. 1-kb fragment may result from a mutation affecting the 2.9-
kb fragment. Affected individuals in family B have a 1.7-kb
band in addition to the normal pattern. As in the other two
families, this fragment also very likely is related to the 2.9-kb
fragment. Further evidence that the mutation resulting in
these polymorphisms involved the 2.9-kb fragment was ob-
tained by hybridization with a 170-bp probe derived by Kpn
I-Eco RI digestion of pC I-INH 116. This probe extended from
nucleotide 1,114 to nucleotide 1,284 (numbered according to
Bock et al. [10]). This probe hybridized only with the 2.9-kb
fragment in normal individuals, and with both the 2.9-kb and
the variant (3.1 or 1.7 kb) fragments in the three families
whose DNAis polymorphic (Fig. 2).

The family trees of these three families are shown in Fig. 3.
As expected, in each family, inheritance of the disease was
consistent with that of an autosomal dominant trait. As
shown, every individual tested who had HANEalso demon-
strated the polymorphism, whereas every individual tested
who did not have the disease showed only the normal pattern.
In families B and C, there were a total of 13 informative
meioses with phase known. This corresponds to a lod of 3.913
at a maximum theta (recombinant fraction) indistinguishable
from zero.

Discussion

The data presented here show that RFLPs in the C1-INH gene
are unusual among patients with HANE. Southern blot analy-
sis of DNAafter digestion with different restriction endonucle-
ases revealed polymorphism in only 3 of 29 families with
HANE. This finding, together with previous data (8, 10), indi-
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Figure 3. Genealogic trees of families
affected with type I HANE(A and B)
and type 2 (C), carrying an RFLP of
the Cl-INH gene. Stars indicate indi-
viduals tested by Southern blot analy-
sis. Diagonal lines indicate dead sub-
jects. Dark symbols represent family
members affected with HANE, and
plus signs indicate individuals with an
RFLP.
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cate that most mutations leading to Cl-INH deficiency are not
the result of major chromosomal rearrangements or deletions.
Stoppa-Lyonnet et al. (12) found polymorphisms in four of
seven families analyzed. This apparent difference in incidence
of detected RFLPs may simply be due to the difference in the
total number of kindred evaluated. It is also possible, as has
been pointed out, that there may be different molecular ge-
netic defects in different populations (17). Also, the observa-
tion that the polymorphisms were detected with only one re-
striction endonuclease indicates that even among these three
families the molecular genetic defects are relatively minor. The
most common abnormalities, therefore, probably are point
mutations, or relatively small deletions or rearrangements.
These results are in contrast with those of Stoppa-Lyonnet et
al. (12), who detected polymorphic variants with several re-
striction endonucleases, suggesting major structural changes in
the gene. The cDNAprobe used in the studies described here
was slightly larger and extended somewhat beyond each end of
the cDNAused in their study (12, 18). It is therefore unlikely
that their probe would detect variants that would be missed
with the probe used here. Their findings, together with the
findings presented here, further emphasize the heterogeneity
of the molecular genetic defects observed in HANE(7-9, 12).

It seems likely that the polymorphisms detected in this
study result from the mutations that are responsible for Cl -
INH deficiency. It is clear from the lod score and the fact that
no recombinants were observed that the polymorphisms are
tightly linked to the mutation responsible for the disease. De-
finitive proof of this conclusion will require sequence analysis
of the genes from these patients. The two type 1 families (fami-
lies A and B), since they have different RFLPs must have
different mutations. Family C has an RFLP that appears the
same as that in family A. However, these must result from
different mutations since the patients in family C synthesize a
mutant protein (type 2 HANE), whereas the patients in family
A do not (type 1 HANE). Each of the polymorphic fragments
was detectable with a 1 70-bp probe that encodes amino acids
338-394; the normal 2.9-kb fragment was also detectable with
this probe. Thus, each of the three variants resulted from alter-
ations within the same region of the gene. The relationship of
these variants to the intron-exon structure of the gene cannot
yet be defined. The region of the gene affected differs from the
region affected in three of the four previously described pa-
tients with RFLPs. These findings, however, at least suggest
the possibility that particular regions of the gene may be more
subject to mutation.
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