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summary

Mutations have been identified in the protein C gene in 21 patients
with venous thromboembolism and phenotypic heterozygous protein C
deficiency. In 20 probands, single mutations were the only abnormal-
ities identified by sequencing all coding regions, intron exon boundar-
ies and the promoter region back to -1540. In one proband 2 mutations
were identified and in another family 2 mutations were identified (but
not both in the proband). Of the 23 mutations, 18 resulted in predicted
amino acid substitutions, 3 were mutations resulting in stop codons, one
was a mutation within a consensus splice sequence and another a 9 base
pair insertion within exon 5 (this region within exon 5 is proposed as a
deletion/insertion hot spot). A novel polymorphism was also, uniguely,
identified in the propeptide region of the molecule (Pro-21Pro; CCT to
CCC) in a kindred from Hong Kong. Cosegregation of the protein C
gne mutation with protein C deficiency could be determined in
13 families. In a further family, phenotypic protein C deficiency and the
genefic mutation cosegregated in only 4/5 members.

The first thrombotic incident occurred in the probands between the
ages of 11 and 59 years and 12 individuals suffered recurrent thrombo-
sis. Thrombosis occurred in at least one other family member in
921 families, but in 2 of these it was inconsistently associated with
potein C deficiency. An independent genetic risk factor, factor V
ArgS06Gln (FV Leiden) was identified in 2 probands (and 3 family
members) and in 4 protein C deficient members of  third family but not
inthe proband. The results suggest that in the majority of probands with
tirombosis and phenotypic protein C deficiency, a single protein C
ge mutation is associated with thrombosis. However, it is also
possible that additional unknown genetic risk factors contribute to the
trombotic risk. An added, acquired, risk factor leads to thrombosis at
wearly age (<25 years).

Infroduction

The vitamin K dependent zymogen, protein C, is an important
Tegulator of thrombin activity on the endothelial cell surface (1-4).
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Following proteolytic activation by thrombomodulin bound thrombin,
activated protein C, in the presence of protein S, phospholipid and
calcium, proteolytically inactivates Factors Va (FVa) and VIlia,
thereby inhibiting further thrombin generation (5-7).

Protein C deficiency is an autosomally inherited disorder. Homozy-
gous deficiency is mostly associated with thrombosis within the first
few months of life (8-11) but the clinical manifestation of heterozygous
protein C deficiency is less predictable (12-15). Heterozygous genetic
defects of protein C and other coagulation inhibitor deficiencies (pro-
tein S, antithrombin) all carry risks for early development of thrombo-
sis. In one report of 24 families (77 heterozygotes) with genetically
determined protein C deficiency, 50% of the heterozygotes and 10% of
the normal family members were found to have had venous throm-
boembolism by the age of 45 years (15). Thrombosis occurred more
often following immobilisation or surgery, but about 50% of events
occurred with no known trigget. Protein C deficiency has béen identi-
fied in 1/250 of the normal population (16) and in 9/277 of an unselect-
ed group of patients with DVT (14).

It is likely that other as yet unidentified genetic risk factors, which
when present in combination with protein C deficiency, lead to throm-
bosis. An abnormal cloiting test (activated protein C resistance) has
been shown to be present in a high proportion of patients with thrombo-
sis (17). A single amino acid substitution in factor V (FV Leiden or
FV Arg506Gln) has been identified as the cause of activated protein C
resistance (18). The mutated FVa (Arg506Gln) is inactivated more
slowly than normal FVa by activated protein C, allowing progression of
thrombin generation. This mutation is the single most common genetic
risk factor for the early development of thrombosis and has a high
prevalence within the normal population (2-6.3%) (18-20).

In this study we present results of the successful genetic investiga-
tion of 21 individuals with phenotypic protein C deficiency. This is a
continuing investigation of a panel of patients, results of 9 of whom
have been published previously (21, 22). This manusctipt is concerned
primarily with the genetic defects leading to a deficiency of protein C,
but addresses also the potential contribution to thrombosis of
FV Arg506GIn.

Patients and Methods
Patients

The study group consisted initially of 63 cases with low plasma protein C
levels referred for genetic analysis. To date mutations have been identified in
27 cases, 21 of which are presented here. The patients studied have been
referred from centres throughout the UK (n = 9), France (n = 7), Italy (n = 4)
and Hong Kong (n = 1). The 21 individuals discussed in this manuscript all
have had at least one thromboembolic event. The age of first thrombotic event
for each of the probands, thrombotic history of the family and numbers of
genetically determined protein C deficient individuals within each family are
summarized in Table 1. Probands presented with thrombosis between the
ages of 11 and 59 years and thrombosis was recurrent in 13 individuals. Seven

probands presented with thrombosis before the age of 25 years.
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Table 1 Protein C mutations and clinical details of 21 probands

m Base change Aminoacid Exon/ Previousfull — Recorded Base-1476 Act/Ag Ageatfirst Additional PC.  Additional family Comments
change intron  report in1995 AT wml thrombosis ~ deficient members with
database in years family members ~ thrombosis
with mutation
(total studied)
PCI-165 1423 AGC->TGC Serl2Cys 3 none 1 AA 0.50/2.19 59 103) 0 1le403Leu, high cholesterol (TB), high PC ag,
PCI60 1427 CTG->CCG Leul3Pro 3 none none AT *0.54/~ BO 40 1, died PE FVArg506GIn in 4 family Iriembers but not proband,
PCI398 1432 CGG->TGG ArglSTrp 3 none 5 AT *0.43/- 22(n) [1X4))] 1,PCdef Thrombeosis during oc.
PC-I-132 2988 G->A splicesite D none none AT 0.53/0.60 1(2) 0 Possible PS deficiency also.
PCE251 1462 GAé->AAG Gla25Lys 3 none 1 AT 044/091 43 (@ 1(2) 0 Heterozygous for Hb C.
PC-E144 3103 CCC->TCC Pro54Ser 5 ref (27,39) 2 AlA 0461060 23(D) 12 2 (1not PC def, I nt)
PCI146 3104 CCC->CTC ProS4len 5 none none AT 045050 18(n (1) 0
PC-1-153 3203 CGC->CAC Arg8THis 5 none 1 AT 043/046 40 5(6) 0 FVArg506Gin (& 3 family members) PCchr 0.89/0.63 wim b/
PCI-84  dup3156(57)-3164(65) insGlylleGly 5 none " none AT 040050 31 1(2) [ Thrombosis during oc.
PCI116 3341 TCG->TAG Ser99stop 6 none none AJA *pac 36(n) 1(1) 3 (2 not PC def)
PCI-887 3359 TGC->TAC Cysl05Tyr 6 ref (24) 2 TIT 039/034 26(D 3(0) none Borderline AT (0.77 w/ml), thrombosis during oc.
PCI460 3388 TGG->TAG Trpli5stop 6 none none A/A 0.51/040 35 13) 1
PC-I156 3423 GGG->TGG Glyl2TTp 6 none none AT 0.60/080 24 () 03) 0 Borderline levels of frec PS.
PCI130 3438 CAG->TAG Glni32stop 6 ref (24,27) 15 AT 039042 11() o) 1, died MI Thrombosis following append
PCI105 6128 TTC->CIC Phel39Len 7 ref (40) 2 AT 0.56/0.57 o) 0
PCI137 6152 CGG->TGG ArgldTTp 7 ref (40) 4 A/A 044/~ <48 4(10) 0 Polymorphism-21Pro->Pro (only in Hong Kong).
PCI-181 7173 TGC->TAC Cysi9%6Tyr 8 none none AT 044 45 0@ 0 Retinal vein thrombosis.
PCI131 7175 GGG->AGG Glyl97arg 8 none none AT o0ac 18(r) 1@ 2,PCdef
PCI74 8589 GGC->AGC Gly2928er 9 ref(24,27,41) 5 TIT 042/0.37 2(3) 1, died of PE Proband FVArg506Gln, thrombosis during oc.
PCI-112 8709 AGC->GGC Ser332Gly 9 ' none none AT 0.73/0.70  none notapplicable  not applicable Father of PC-I-460.
PCI-842 8800 GGG->GAG Gly362Glu 9 none none AIA 1040 300 203 0
PCI1-259 8892 TAC->CAC Tyr393His 9 none none AT *oac 220 o 1 Thrombosis during oc.
PC-I-163 8922 ATC->CTC Ted03Len 9 ref (27) 1 AT 0.710.70  none not applicable  not applicable Daughter of PC-I-165

* Type I deficiency confirmed in family member not on oac; ag, antigen level; act = activity level; chr = chromogenic (b = Berichrom, Behringwerke; i = Immuno) activity level; nt = not tested; PS = protein S; Hb = haemoglobin:

AT = antithrombin, PC def = protein C deficiency; (r) recurrent; MI = my PE = pul

members.

Methods

Genomic Amplification and Sequencing

Genomic DNA ‘was prepared using a commercial DNA extraction kit
(Nucleon, Scotlab). All exons and intronic boundaries of the protein C gene
were amplified and sequenced manually for all probands. The promoter region
to at least -1540, which includes the polymorphic promoter site at -1476, was
also sequenced in these 21 probands. Two additional polymorphic. sites (-1654
and -1641) were examined by sequencing in those individuals homozygous for
“T” at polymorphic site -1476. Oligonucleotide primers were prepared on site
(Advanced Biotechnology Centre). One of each primer pair was biotinylated at
the 5 end to enable attachment of the biotin labelled amplification product to
streptavidin on magnetic beads (Dynal). This allowed sequencing of single
stranded template. For amplification of the protein C gene exons, a 100 pl
reaction volume was used with the following buffer: 67 mM tris-HCI, pH 8.8,
10% DMSO, 6.7 mM Mg Cl,, 0.17 mg/ml BSA. Twenty pmol of each primer,
0.5-1.0 p.g genomic DNA, 0.02 mmol dNTP’s and 1.0 u tag polymerase were
used for each amplification reaction. Amplification and sequencing primers for
each protein C exon were similar to those published previously (24). During
amplification, denaturation was performed at 94° C, annealing at between
50° C and 60° C and extension at ejther 63° C or 72° C. Manual sequencing of
the protein C gene was performed following denaturation of the amplification
product on magnetic beads and using a Sequenase 7-deaza dGTP system
(United States Biochemical Corporation). DNA numbering of the protein C
gene is according to a published sequence (25). For amplification of
exon 10 within the Factor V gene and analysis of the Arg506Gin mutation, a
25 l reaction volume was used. Oligonucleotide primers and restriction anal-
ysis using Mnl1 were as described previously (18). The presence of the Factor
V Leiden mutation, G1691A (Arg506Gin) eliminates a Mnl1 restriction site.
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y enbolus; oc = oral ¢

ion; oac = oral lant therapy; (total studied) includes affected and non affected family

Protein C Plasma Assays

Protein C antigen and activity assays were performed by the referring
laboratories using established commercial assays, and also, when appropriaté.
repeated at Charing Cross and Westminster Medical School, Table 2. The
normal range for the protein C activity assay (Chromogenic, Instrumentation
Laboratories) was 0.7-1.4 Ufml and for the protein C antigen assay (Dako) Wi
0.61-1.32 Ufml. ’

Results

The mutations in protein C identified in the 21 probands are shown
in Table 1. Twenty-three mutations are listed for the 21 families. Sec-
ond mutations were identified in family members of two probaﬂdsﬁ
both within exon 9 (PC-I-112, Ser332Gly is the father of pC-1-460.
Tpl 15stop; PC-L-163, lled03Leu, is the daughter of PCT10
Ser12Cys). These additional family members were investlgate
because both individuals exhibited borderline levels of protelm
(0.70 U/ml antigen and activity) although neither had a thrombotic his-
tory. The mutations thought to be the cause of deficiency it the pro”
bands of these two families (PC-I-460 and PC-I-165) cosegregated Wl,th
phenotypic deficiency in other family members. These will be dis
cussed further below. In a further 11 families, where other family ™"
bers were studied, cosegregation of the protein C gene mutation wi
phenotypic protein C deficiency was indicated. In one family, phen®”
typic protein C deficiency and the genetic mutation cosegregii® ,1’
only 4/5 members (PC-1-887, Cys105Tyr, Table 2) and will b¢ s
cussed further below.



Seven of the mutations have been reported in full previously by
other groups and a further 4 have not been reported, but appear in the
recently updated protein C database (Table 1). Twenty-two mutations
were present within the coding region and were distributed throughout
the protein C gene, being present in 6 of the 9 exons. Four mutations
were identified within exon 3; 4 within exon 5; 5 within exon 6; 2 in
each of exons 7 and & and 5 within exon 9. The other mutation was
within intron D. Excluding the 2 mutations associated with 0.70 U/mi
profein Clevels and noted above, 16 predicted amino acid substitutions
wete identified in the probands. Four were at or directly adjacent to
highly conserved amino acids within the Gla domain (Ser12Cys,
Leul3Pro, Arg15Trp, Glu25Lys). Five mutations were identified with-
in the epidermal growth factor (EGF) domain (Pro54Ser, Pro54Leu,
Arg87His, Cys105Tyr, Gly127Trp) and 2 were adjacent to the throm-
bin activation site (Phe139Leu, Argl47Trp). The remainder of muta-
tions identified were within the proteinase domain (Cys196Tyr,
Gly197Arg, Gly292Ser, Gly362Glu, Tyr393His). Other genetic causes
of the protein C deficiency were 3 mutations to stop codons (Ser99stop,
Trpl15stop, Gin132stop), a mutation within the consensus sequence
for mRNA splicing (G2988A) and a 9 base pair insertion within exon 5
(duplication of 3156/57-3164/65). The bases coding for Ser99 contain a
polymorphic site TCT/TCG. The individual with the mutation C to A
within this codon was homozygous for the G allele (PC-I-116). The
mutation therefore caused a mutation to a stop codon TCG to TAG.

In addition to 3342 T/G (coding for Ser99), other, previously record-
ed polymorphisms were observed in the probands, namely, -1476 A/T
{see Table 1); -1641 G/A; -1654 CIT; 3204 CIT (coding for Arg87);
128 CIT (coding for Asp214). A previously unreported probable poly-
morphism was identified in individuals from Hong Kong (PC-I-137,
¢odon -21Pro, CCT to CCC) which did not alter the amino acid. The
mutation (Arg147Trp) in this family was inherited with the C allele at
the codon for -21Pro in 5 family members. Two individuals without the
mutation at 147 were homozygous for T at the codon for -21Pro. A
second protein C ‘deficient family (mutation not identified) also had
Iembers with the C allele at the codon for -21Pro but we have not
ttablished the frequency of the C allele within the normal population
inHong Kong.

Most of the mutations in this report have a type I deficiency pheno-
ype. The only definite cases of type Il deficiency were observed in PC-
k65 (Ser12Cys) and PC-1-251 (Glu25Lys). A mutation within the
$tcond EGF domain (Gly127Trp) produced antigen levels slightly
higher than activity- levels (antigen 0.80 U/ml; activity 0.62 U/ml). A
Tutation within the first EGF domain, Arg87His (PC-I-153), was
Present in a family with low antigen and coagulant activity levels but
higher amidolytic protein C levels (Table 1), particularly noticeable for
One of the 2 assays used. Mean levels in 5 family members not taking
ol anticoagulants were 0.43 Ufml, Proclot; 0.40 U/ml, antigen;
079 Ui, chromogenic (Berichrom, Behringwerke); 0.60 Ufml,
chmmogenic (Immuno). The cause of the discrepancy between the
“agulant (or antigen) and amidolytic assays in this family is not clear.

OWever, it should be stressed that the protein € deficiency may have
t0 missed by one of the amidolytic assays.

The mutation in the Gla domain {Ser12Cys) was associated with an
musual phenotype, having a low activity level (0.50 U/ml) in both the
Proposita (PC-I-165) and in one of her daughters but antigen levels
019 Um, proposita; 1.46 U/ml, daughter) higher than found in most
Morma] individuals (Fig. 1). A second mutation was identified in the
¥oposita of this family, Tle403Leu (PC-I-165 and PC-I-163). The two
Mutations were present on different alleles as they segregated indepen-

denﬂy in the next gemeration, one daughter having the mutation

Table 2 Protein C levels for one family homozygous for the CGT promoter
genotype (PC-I-887)

Family member | Protein C activly Protein C antigen | Amino acid Promoter
wml wml
| Proband 030 034 Cys105Tyr coBaITT
Mother 0.92 nd No mutation CCIGGTT
Father 0.50 ) 0.34 Cys105Tyr CC/GGAT
Sister 1 -1047 0.33 Cys105Tyr CCIGGTT
Sister 2 0.52 0.32 Cys105Tyr CC/GGMT
Brother 0.66 0.57 No mutation CCIGGMT
normal range 0.7-1.4 0.61-1.32

Ser12Cys and high antigen levels, the other having Hle403Leu and
borderline levels (0.70 U/ml, PC-I-163) (Fig. 1).

Two mutations were also identified in the family of PC-1-460, as
stated above. The mutation causing the protein C deficiency in the
proband was Trpl15stop and was inherited from his mother. The
proband’s father, however, was also found to have a mutation in pro-
tein C (Ser332Gly, PC-I-112). Again, he was fully investigated geneti-
cally because his protein C levels were borderline (0.70 U/ml) (Fig. 2).
From this study we could not be sure whether these two mutations,
lle403Leu and Ser332Gly, associated with borderline levels of pro-
tein C are low frequency polymorphisms, unrelated to the low levels of
protein C, or a cause of deficiency. It is interesting to note that a differ-
ent mutation at the 403 site (Ile403Met) has been identified previousty
and was also associated with borderline levels of protein C, suggesting
that the low protein C plasma levels are a consequence of the altered
amino acid (26). Both Ile403Leu and lle403Met have also been listed in
the protein C database, associated with levels around 0.50 U/ml (27,
28).

Three polymorphic sites within the promoter region of the protein C
gene at positions -1654, -1641 and -1476 have been identified previous-
ly (29). In this previous publication, one genotype, homozygous at all
three sites (CC/GG/TT) was present in 16.6% of normal individuals
and was associated with levels of protein C lower than those found in a
group with the alternative homozygous genotype (TT/AA/AA) in
11.6% of normal individuals. We have examined one of these sites in
our protein C deficient probands (-1476 T/A) (Table 1). Both individu-
als discussed above with borderline levels of protein C, with mutations
Tle403Leu, Ser332Gly, were heterozygous at this site (A/T), indicating
that the borderline levels were not associated with the homozygous
genotype CC/GG/TT. ’

However, two probands were found to be homozygous for T at this
site (PC-1-887, PC-1-74). Sequencing at the other two polymorphic pro-
moter sites showed that both were homozygous for the CGT allele. In
family PC-I-887 the mutation Cys105Tyr was identified in 4 protein C
deficient individuals. However, a brother with protein C levels of
0.66 U/ml activity and 0.57 U/ml antigen did not have the mutation and
no other mutation could be identified in the rest of the coding sequence,
exon/intron boundaries, or the promoter region back to -1540. Sequenc-
ing confirmed that all family members were homozygous for the CGT
allele in the promoter region (Table 2). The mother had protein C lev-
els of 0.92 U/ml, comparable to the mean low-normal level associated
with this homozygous genotype within the normal population. In the
absence of any other explanation it is possible that the brother’s low
protein C levels were linked to the homozygous CGT genotype.
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Heterozygous for PC act PCag Cholesterot
PC Seri2Cys u/mi u/mi

i1 0.50 218 raised
Heterozygous for 11 0.69 0.74 normat
PC lle403Leu 2 054 1.46. normal
Normal or NT, Not -

tested

]

Fig.1 Family tree for kindred PC-I-165. Two mutations in protein C (PC)
have been identified, Ser12Cys and Ile403Leu. act: activity assay, ag: antigen
assay. The raised cholesterol in 1.1 is thought not to cause interference in the
antigen assay as it is normal in I1.2

A nine base pair insertion was identified within exon 5. This was
found to be a direct duplication of bases 3156 to 3164 or 3157 to 3165.
Sequencing could not distinguish the precise Iocation of the insertion to
within 2 bases. Either predicted defect would result in an inframe inser-
tion of Gly-Ile-Gly. The normal and abnormal sequence in this area is
shown in Fig. 3. Slipped mispairing at the replication fork has been im-
plicated as a cause of genetic insertion when associated with the pres-
ence of direct repeat sequences. For the 9 nucleotide insertion reported
here, the direct 6 base pair repeat GCATCG (Fig. 3) adjacent to and al-
50 included in the insertion, may be implicaied. Three deletions within
the vicinity have also been recorded previously (Fig. 4) and will be dis-
cussed further below.

Of the 27 protein C deficient probands who have been investigated
successfully at our centre at the genetic level (21 discussed in this man-
uscript, 6 elsewhere) (22), 2 (7.5%) were found to be heterozygous for
FV Arg506Gln. This prevalence is only slightly higher than we have
found within the normal population in a large group of blood donors
(19). FV Arg506GIn was also identified in 3 family members from one
of these two probands. A third family was found to have 4 members
with FV Arg506GIn but the mutation was not present in the proband
(PC-I-60). All other family members tested (1 = 46) were normal at the
FV 506 site. In all, 9 protein C deficient individuals were identified as
heterozygous for FV Arg506Gln. Thrombotic events had occurred in
3 of these individuals, the ages of first thrombosis being 27, 40 and
55 years. FV Arg506Gln was not present in any of the 7 protein C defi-

possible DVT after childbirth

PEat35yrs

O Heterozygous for
PG act PC ag
PC Trp115stop ami o
Propositus 0.51 0.40
Heterozygous for Mother 0.40 0.38
PC %ersygzely Father 073 0.70

_Fig.2 Family tree for kindred PC-I-460. Two mutations in protein C (PC)
have been identified, Trp115 Stop, Ser332Gly
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cient probands who presented with thrombosis at the earliest ages
(11-24 years).

Acquired risks or thrombotic trigger factors could be identified iy
6 probands (Table 1). Five individuals were taking oral contraception
while the sixth had a thrombosis following appendectomy. The ages
of first thrombosis in these individuals were 11, 18, 22, 26, 27
(FV Arg506Gln present in this case) and 31 years. These results suggest
that protein C deficiency plus an acquired thrombotic risk factor may be
of greater risk for very early development of thrombosis than the dual
genetic defect of protein C deficiency and FV Arg506Gln.

Discussion

Phenotypic heterozygous protein C deficiency can be difficult to
diagnose with certainty because of the overlapping distributions of
protein C levels in carriers of protein C gene mutations and normal
controls. It is not always clear whether the wide range of reduced levels
in deficiency are a consequence of single or multiple mutations at the
protein C locus. Two probands in this study (PC-I-887, PC-1-74) were
homozygous for the CGT genotype in the promoter region of the gene,
shown previously to be associated with lower levels of PC in a popula-
tion study. In the family of one of these probands (PC-I-887) no muta-
tion could be identified in a brother who, phenotypically, appeared to
have protein C deficiency but with higher levels than were observed in
the family members in whom a genetic mutation was identified. The
entire coding region of the protein C gene was sequenced in this indi-
vidual but no mutation identified. In the absence of any other explana-
tion it is possible that the low level of protein C in this family member
was linked to the homozygous CGT promoter genotype. For 4 further
mutations one of the assay values was unexpectedly low or high, but
seemed to be specific for the individual mutation. Levels of 0.70 Ul
protein C were found in relatives of 2 protein C deficient probands and
were themselves found to have mutations other than those identified in
the probands (PC-I-112, PC-I-163). One amidolytic assay level of
protein C was found within the normal range in individuals from one
family (PC-I-153) when other assays (functional and antigen) were
clearly low, and a type II deficiency has been identified with protein C
antigen levels of over 2.0 U/ml (PC-1-165).

Missense mutations in the protein C gene primarily cause type I rath-
er than type II deficiency (28). In keeping with this general experience.
only 2 definite cases in the present series can be clearly categorized a5
type II deficiency, Ser12Cys (PC-I-165) and Glu25Lys (PC-I251)
Possible causes of the high antigen levels in the former case 4
increased secretion or reduced clearance of inactive protein C, althollgh
this has not been addressed in this report. A mutation Arg393CyS mn
antithrombin can cause complex formation with albumin (30). Should2
complexed protein result from this mutation in protein C, clearance 0
the protein may be altered. The mutation also appears independently 12
the first update of the protein C database (28). Analysis of polyﬂmplhlc
sites within protein C to determine whether or not the mutation
detected in these two kindreds had arisen independently has been 1O
informative,

Small deletions and insertions of less than 20 bp are quite 'rar ¢
canses of genetic mutation. Out of 329 entries in the latest protet” °
database, only 21 deletions/insertions of between 1 and 18 bases l?ﬁVe
been identified (6.4% of total) (28). Models for deletions and insertions
of this size have been proposed based on mutations previously repo‘rte
in the literature (31). Sixty deletions of 20 bp or less and 20 insert{ons
of less than 10 bp were reviewed. It has been suggested that delel_:IQHS
and insertions of this size can occur via similar slipped mispaiiié



GATC GATC

Fig.3 Sequencing autoradiograph
within exon 5 of the protein C gene
showing a 9 base pair insertion. The
arow indicates the first position
where 2 bands were observed on the
autoradiograph (reading from the bot-
tom) and is shown in the sequence to
the right as GA. The underlined bases
represent the mutated allele. Sequenc-
ing from the opposite direction gave a
confirmatory sequence

<

Normal Abnormal

sequence

mechanisms during DNA replication but that for insertions to occur via
this mechanism the mutation must arise on the newly forming strand
(31-33),

Although the frequency of small deletions and insertions is rather
low, 3 deletions in the immediate vicinity of the 9 base pair insertion
teported here (PC-1-84) have been previously recorded (28) (Fig. 4).
Two are 18 bp deletions directly adjacent to the site reported here (del
3172-89 and del 3173-90). The otheris a 15 bp deletion which overlaps
the area inserted in this report (del 3156-70 or 3157-71). The finding of
4 deletions/insertions of 9-18 bp within a stretch of DNA of 34 bases
Sggests a ‘hot spot’ for insertional/deletional events in this area of
£on 5 within the protein C gene. In Fig. 4, repeat motifs potentially
tsponsible for each insertion/deletion are shown in bold. The trinucle-
Yide GCA is common to three of these mutational events and also
Seurs several more times in this short DNA sequence. Deletional hot
$ots have also been observed in the gene of another vitamin K depen-
dent protein, factor 1X (34). The finding that deletional/insertional
Tutagenesis might be non-random has been suggested (35). These
Wthors reported 10 independent examples of DNA insertion within a
T0bp intronic region in one particular neoplasia. Similarly, following
ialysis of previously reported germ line mutations (31) it was suggest-
® that insertional mutation involving <10 bp of DNA sequence into
®ding region is not a random process and appears to be highly depen-
%nt on the local DNA sequence.

The demonstration of a large age range for first thrombotic event in
e protein C deficient probands (11-59 years) together with the devel-
%Pment of thrombosis with and without protein C deficiency in 2 fami-
1%, raises the question of whether other genetic factors may contribute
o development of clinical events in some patients. Seven probands

sequence

« GA 3140

+ CC 3141
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« TG 3143

« CC 3144
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AC 3146

CG 3147
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* CC 3150 *
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sequencing

experienced their first thrombosis between the ages of 11 and 24 years.
None of these 7 individuals was shown to have the FV Arg506Gin
mautation. This is in accordance with a Dutch study (36) which showed
that the prevalence of thrombosis was increased to 73% by the mutated
FV in 6 families with protein C deficiency but that the dual mutation
did not reduce the age of first thrombosis. The prevalence of the FV
mutation within normal populations has been shown to be 2-3% in a
Dutch population (18), 4.6% in a population from France and the UK
(20) and 5.6% in another UK population (19). The prevalence of FV
Arg506GiIn in protein C deficient probands in the Dutch study was
higher than shown in the current study (19% cf 7.5%). In a third study,
based in Austria, the prevalence was found to be higher again (43%)
(37). In the present study, the samples originated from France, UK and
Italy with just one proband from Hong Kong. Eighty-six percent of
samples in the present study originated from the UK and France. The
highest prevalence of the FV mutation within the normal population has
been observed in the these 2 countries but the prevalence of the muta-
tion in protein C deficient probands is lowest. The differences in prev-
alence of FV Arg506GIn in the protein C studies is, therefore, unlikely
to be due just to differences in the prevalence of the FV mutation with-
in the different European populations. The present study is in closer
agreement with a French study in which the FV mutation was present in
9.5% of unrelated, genetically determined, protein C deficient patients
(38). A possible explanation for the differences in prevalence of the
FV Arg506Gln mutation in the protein C deficiency studies is that the
individuals studied from within a small area may represent a more
genetically homogeneous population. Indeed, in the Dutch protein C
study, of the 9 probands with protein C deficiency and FV Arg506Gin,
the same mutations in protein C were observed twice in 3 pairs of
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9 nucleotide insertion:
duplication of 3156(57)-64(65)
(CYGGCATCGG(C)

ACGGCACGTGCATCG ACGGCATCG GCAGCT:I'CAGCTGCGACTGCC GCAGCG

3140 3150 3160 3170

. 3180

18 nucleotide deletion
3172-89

ACGGCACGTGCATCGACGGCATCGGCAGCTTCAGCTGCGACTGCCGCAGC G

3140 3150 3160 3170

3180

18 nucleodide deletion

3173-90

ACGGCACGTGCATCGACGGCATCG GCAGCTTCAGCTGCGACTGCC GCAGCG

3140 3150 3160 3170

. 15 nucleotide deletetion
3156(57)-70(71)

ACGGCACGTGCA TCGACGGCATCGGCAGCTTCAGCTGCGACTGCCGCAGCG

3140 3150 3160 3170

probands. Finally, referral practice might account for the differences
in FV Arg506GIn prevalences, resulting in selection of more severe
cases.

While there is little doubt that the FV Arg506Gln mutation will
make a contribution to the development of disease in carriers of protein
C deficiency, the present study suggests that a large number of carriers
of protein C' gene defects will experience thrombosis without this
additional genetic mutation, the clinical event being caused by aquired
risk factors, or perhaps an additional, currently unknown, genetic
trigger.
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