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Cerebral palsy in siblings caused by compound heterozygous
mutations in the gene encoding protein C
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We report two sisters with extensive bilateral periventricular haemorrhagic infarction (PVHI) caus-
ing cerebral palsy (CP). The older sister presented at 20 months with cortical visual blindness,
spastic diplegia, and purpura fulminans. The younger sister presented aged 3 days old with apno-

eas and multifocal seizures. She subsequently had global developmental delay, cortical visual
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blindness, spastic quadriplegia, epilepsy, and purpura fulminans at age 2 years. Neuroimaging of
both siblings showed bilateral PVHI consistent with bilateral cerebral intramedullary venous
thrombosis occurring at under 28 weeks’ gestation for the older sister and around time of birth for
the younger sister. At latest follow-up, the older sister (13y) has spastic diplegia at Gross Motor

Function Classification System (GMFCS) level ll, and the younger sister (10y) has spastic quadri-
plegia at GMFCS level IV. Both sisters showed partial quantitative reduction in plasma protein C
antigen and severe qualitative reduction in plasma protein C anticoagulant activity. They were het-
erozygous for two independent mutations in the protein C gene (PROC). There was no other risk
factor for CP. To our knowledge, this is the first family reported with compound heterozygous
PROC mutations as the likely genetic cause of familial CP. This report adds to the list of known

monogenic causes of CP.

Cerebral palsy (CP) describes a group of permanent disorders
affecting the development of movement and posture, causing
activity limitation, attributed to non-progressive disturbances
that occurred in the developing fetal or infant brain.! CP is a
disorder with multiple aetiologies.” CP due to perinatal stroke
and congenital porencephaly is associated with some inherited
prothrombotic states including protein C deficiency, factor V
Leiden, and prothrombin G20210A polymorphisms.*~
Protein C is a vitamin-K-dependent plasma glycoprotein
that associates with the endothelial protein C receptor on vas-
cular endothelium and is then activated by the thrombin—
thrombomodulin complex during coagulation. Activated pro-
tein C with its cofactor protein S exerts an anticoagulant effect
through inactivation of procoagulant factors Va and VIITa.®
Partial protein C deficiency (OMIM reference 612283) is asso-
ciated with heterozygous mutations in the protein C gene
(PROC) resulting in reduced anticoagulant activity and is a
long-term risk factor for venous thromboembolic disease.”®
Severe protein C deficiency is a rare disorder that presents
early in life with severe venous thrombosis including purpura
fulminans.”® Individuals with severe protein C deficiency are
typically homozygous or compound heterozygous for PROC
mutations. Protein C deficiency may arise from failure of pro-

© The Authors. Journal compilation © Mac Keith Press 2010

tein C synthesis, resulting in a quantitative reduction in plasma
protein C concentration (type I deficiency). Alternatively,
there may be synthesis of dysfunctional protein C showing
normal quantitative protein C antigen but reduced qualitative
protein C anticoagulant activity (type II deficiency)."®

We recently reported the molecular and genetic basis of
two sisters with severe protein C deficiency showing two inde-
pendent PROC point mutations associated with composite
type I and type II protein C deficiency.” We now describe the
detailed clinical and neuroradiological features of these two
sisters. Parental consent has been given for publication of this
case report.

CASE REPORT

A 20-month-old female (Fig. 1, IIT 1,) presented with global
developmental delay, cortical visual blindness, and spastic
diplegia. She was born at term by spontaneous vaginal deliv-
ery. Her birthweight was 2.2kg with an Apgar score of 9 at 1
and 5 minutes. She had recurrent purpura fulminans from
16 months of age. Brain magnetic resonance imaging (MRI)
at 22 months showed bilateral symmetrical extensive periven-
tricular cystic porencephaly, characteristic of periventricular
haemorrhagic infarction (PVHI) with no gliosis (Fig. 2a,b).
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Wild-type PROC sequence.

Heterozygous PROC c.669 C>A.

Heterozygous PROC c.131 C>T.

Compound heterozygous PROC c.
[669 C>A] + [131 C>T].
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Figure 1: (a) Pedigree showing protein C (PROC) genotype in the affected
siblings and their immediate family. (b) Shading reference for PROC geno-
type. PROC genotype numbering according to the PROC complementary
DNA reference sequence NM_000312.

Brain MRI changes in the elder sister were consistent with
intrauterine bilateral cerebral intramedullary venous thrombo-
sis at under 28 weeks’ gestation.

A younger sister (Fig. 1, III, 2) was born at term 32 years
after her sister by spontaneous vaginal delivery. Her birth-
weight was 2.6kg with an Apgar score of 9 at 1 and 5 minutes.

What this paper adds

o Inherited thrombophilias can be a potential cause of CP.

o Detailed analysis of anticoagulant pathways should be considered in CP with
either unexplained PVHI, especially in bilateral PVHI, familial CP, or in the pres-
ence of a family history of haemostatic disorders.

She presented at 3 days of age with apnoeas and multifocal
seizures. Computed tomography of her brain showed exten-
sive acute haemorrhagic infarction of deep white matter of the
frontal, temporal, and parietal lobes bilaterally. Repeat com-
puted tomography after 1 month showed progressive hydro-
cephalus with porencephaly bilaterally. She subsequently had
a right ventricular—peritoneal shunt. At 2 years old she had
global developmental delay, cortical visual blindness, spastic
quadriplegia, epilepsy, and recurrent purpura fulminans. Fol-
low-up brain MRI showed extensive bilateral PVHI
(Fig. 3a,b). Some of the porencephaly was collapsed by ven-
tricular—peritoneal shunt placement. Neuroimaging findings
of this sibling were consistent with bilateral cerebral intra-
medullary venous thrombosis occurring around time of birth.

The parents of the affected sisters were non-consanguine-
ous (Fig. 1). Their father (IL.3) was asymptomatic but had a
family history of adult-onset venous thromboembolic disease
(I.2). Their mother (IL.4) had no personal or family history of
venous thromboembolic disease. Both pregnancies had no
pregnancy-associated vascular complications and routine ante-
natal ultrasound was normal. Both sisters were small for gesta-
tional age at birth.

At presentation, both sisters had prolonged clotting times
with consumptive coagulopathy typical of severe protein C
pathway defect. Plasma protein C levels for both sisters at pre-
sentation showed reduced quantitative protein C level. As
diagnosis of protein C deficiency was unknown during the
acute phase, both sisters were managed with daily fresh frozen
plasma infusion acutely until clinically stable. They were then
anticoagulated with enoxaparin.

Plasma protein C assay levels were repeated for both sisters
at 9 and 7 years old respectively during stable anticoagulation
with enoxaparin. They both had partial reduction in quantita-

Figure 2: Brain magnetic resonance image of elder sister (Fig. 1, 111.1). (a) T2-weighted axial image and (b) T2-weighted coronal image showing bilateral peri-

ventricular cystic porencephaly characteristic of periventricular haemorrhagic infarction with no gliosis.
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Figure 3: Brain magnetic resonance image of younger sister (l11.2). (a) T2-weighted axial image and (b) T2-weighted fluid-attenuated inversion recovery

coronal image showing bilateral periventricular cystic porencephaly characteristic of periventricular haemorrhagic infarction. Some of the porencephaly is

collapsed by right ventricular—peritoneal shunt.

tive plasma protein C antigen but severe reduction in qualita-
tive plasma protein C anticoagulant function consistent with a
composite type I and type II protein C deficiency (Table I).
The family study identified partial type I protein C deficiency
in the father (II.3) and paternal relatives (Fig. 1). Partial type
II protein C deficiency was identified in the mother (I1.4).

Investigations for thrombophilia for all family members
included plasma antithrombin activity, free protein S level,
immunoglobulin-G and -M antcardiolipin antibodies, and
lupus anticoagulant that were all normal. Genotyping for fac-
tor V Leiden and prothrombin G20210A polymorphisms
showed wild-type sequence. Echocardiogram for both sisters
was normal. Imaging studies of carotid arteries were not per-
formed. The elder sister also had normal plasma homocysteine,
autoimmune screen, immunoglobulins, complement levels,
and urinary amino acid. Further metabolic investigations were
not performed because a metabolic disorder was considered
unlikely based on clinical and investigation findings.

Both sisters were heterozygous for missense nucleotide sub-
stitutions PROC ¢.131C>T and PROC ¢.669 C>A (National
Center for Biotechnology Information reference sequence
NM_000312) predictive of Asn2lle and Ser181Arg substitu-
tions in the mature protein C protein respectively. The ¢.669

C>A substitution was identified in the father (IL.3) and pater-
nal relatives (Fig. 1). The ¢.131C>T substitution was identi-
fied in the mother (Il.4) but in no other maternal relatives.
Neither nucleotide variation was identified as polymorphic in
the National Center for Biotechnology Information or EN-
SEMBL databases.

At latest follow-up, the elder sister (13y) has spastic diplegia
at Gross Motor Function Classification System (GMFCS)
level I, and the younger sister (10y) has spastic quadriplegia at
GMEFCS level IV.

DISCUSSION

CP can be associated with the interaction of multdple risk fac-
tors; often there is no clear, single, causal factor.? Although
CP rarely recurs in families, most affected children do not
show clear patterns of monogenic inheritance. Prothrombotic
abnormalities (including protein C deficiency) appear to be
more common in perinatal stroke'®? than in childhood
stroke,'*'* which suggests inherited prothrombotic risk fac-
tors are more important in perinatal stroke. This can be attrib-
uted to the immature neonatal coagulation system, resulting
in increased susceptibility to thrombus formation, particularly
when concomitant inherited fetal thrombophilia is present."’

Table I: Clinical and laboratory characteristics of the study kindred

Protein C antigen Protein C anticoagulant

Individual Clinical phenotype (units per decilitre)? activity (units per decilitre)®
1.1 Asymptomatic 121 104
1.2 Adult onset venous 54 58
thromboembolic disease
1.1 Asymptomatic 56 49
1.2 Asymptomatic 51 51
1.3 Asymptomatic 48 56
1.4 Asymptomatic 95 48
1.1 CP + purpura fulminans 42 9
1.2 CP + purpura fulminans 35 12

aReference range for protein C antigen assay 70 to 140 units per decilitre. PReference range for protein C anticoagulant function assay 70 to 130

units per decilitre.

Case Report 491

85L8017 SUOWWOD BA 8.0 3(ceotdde ayp Aq peusenof afe sapiie O ‘8N JO Sa|nJ 10} AriqIT8UIIUO A8|IA UO (SUONIPUOD-pUR-SLLBY WY A8 | 1M AReaq 1 Ul jUO//SANU) SUORIPUOD PUe swie | 84} 83S " [1202/v0/2T] Uo Areiqiaulluo A8|IM ‘X'8T9E0 0TOL 61/8-69¢T [TTTT OT/I0p/ W00’ A3 1M Ate.q Ul |uo//:ScnY WOy papeojumod 'S ‘0TOZ ‘61728694T



Aetiological delineation of CP between stroke, non-stroke CP
remains difficult, and there is insufficient evidence at present
to suggest whether there is any difference in thrombophilic
risk factors between these two subgroups.

We consider that the reported sisters demonstrate that
inherited protein C dysfunction is a cause of CP and not
merely a risk factor. In this kindred, CP segregated with a
complex functional protein C defect and with compound het-
erozygous PROC mutations ¢.669C>A (paternal origin; predic-
tive of Ser181Arg) and c.131C>T (maternal origin; predictive
of Asn2lle). The predicted Ser181Arg substitution segregated
with partial type I protein C defect (Table I). Consistent with
partial type I protein C deficiency, one paternal relative had
adult-onset venous thromboembolic disease. The predicted
Asn2?lle substitution segregated with type II protein C defi-
ciency (Table I). In the affected sisters, co-inheritance of type I
and type II protein C deficiency together caused a severe
reduction in qualitative protein C anticoagulant activity similar
to previous reported individuals with purpura fulminans.'®!”

On brain MRI, both sisters showed bilateral periventricular
cystic porencephaly with loss of almost full thickness of cere-
bral white matter. The imaging appearances are characteristic
of bilateral PVHI (Figs 2 and 3). Acute PVHI has been shown
to have an appearance consistent with a combination of intra-
vascular thrombi and perivascular haemorrhage along the
course of the medullary veins within the area of infarction.'®
PVHI imaging findings are typically seen in preterm infants
with germinal matrix haemorrhage causing venous infarctions
that are usually unilateral. The extensive bilateral distribution
of white matter loss in the sisters is an unusual feature not typ-
ically seen in PVHI of preterm infants. The neuroimaging
appearance of both sisters is, therefore, consistent with bilat-
eral cerebral intramedullary venous thrombosis, and it is likely
that the severe defect in protein C anticoagulant activity con-
tributed significantly to this event.

REFERENCES

. Rosenbaum P, Paneth N, Leviton A, Goldstein M, Bax M. A

—

report: the definition and classification of cerebral palsy April

2006. Dev Med Child Neurol 2007; 49: (Suppl. 109) 8-14.

of the International Society of Thrombosis and Haemostasis.

Thromb Haemost 1993; 69: 77-84.

Activated protein C also has important anti-inflammatory
and cytoprotective effects in vivo.'” This activity requires acti-
vated protein C binding to endothelial protein C receptor to
enable proteolytic activation of the protease activated recep-
tor-1 (PAR-1) on vascular endothelium and other cells. PAR-1
then mediates endothelial barrier stabilization, inhibition of
inflammatory cytokine release, and anti-apoptotic pathways,
particularly in the vasculature of the central nervous system.
In these sisters, we have shown that the only circulating pro-
tein C in plasma is that containing the Asn2lle substitution
that has defective endothelial protein C receptor binding.” We
speculate that the initiating event for the brain injury in the
sisters is likely to have been cerebral intramedullary venous
thrombosis, but that an additdonal defect in the activated pro-
tein C anti-inflammatory pathway further contributed to their
cerebral injury.

CONCLUSION

To our knowledge, this is the first family reported with co-
inheritance of two independent PROC mutations as the likely
genetic cause of familial CP in siblings. This adds to current
evidence that inherited thrombophilias play a contributory
role in the development of CP in some individuals, and that
single gene disorders are a potential cause of CP. It is impor-
tant to realize that both quantitative and qualitative tests are
available for protein C testing and that both forms of protein
C deficiencies may arise. Further population-based studies
examining the association of CP with genetic variations in
PROC are required. We suggest that detailed analysis of natu-
ral anticoagulant pathways should be considered in individuals
with CP with unexplained PVHI, especially when this is bilat-
eral, familial CP, or in the presence of a family history of
haemostatic disorders.
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A book on ageing for people with developmental disability
has been long awaited.

This book, edited by Professor Gregory O’Brien and Dr
Lewis Rosenbloom, has addressed some of the unexplored
areas of the ageing process in people with developmental dis-
ability. The emphasis is on helping the clinician to achieve a
better understanding of the ageing process. The book gives
clear practical suggestions on clinical practice with case exam-
ples and descriptions of the current evidence-base.

The well-written chapters cover a range of clinical topics in
relation to the ageing process and developmental disorder,
dementia, Down syndrome, cerebral palsy, and other genetic
conditions. Chapters are also devoted to drug treatment of
common problems and living with ageing and developmental
disorder.

Chapter 1 provides an excellent overview of the ageing pro-
cess in people with developmental disability. The second
chapter concentrates on dementia (with case vignettes) and
highlights difficulties in the assessment process owing to
changing needs. Particular emphasis has been placed on the
area of differential diagnosis and the challenges clinicians face
in working through this range of possibilities.

Chapter 3 highlights the physical and cognitive changes in
people with Down syndrome. I was particularly impressed
with the efforts made to separate issues related to ageing in
Down syndrome from those of dementia.

The issue of ageing in people with cerebral palsy, is
discussed in Chapter 4. The impact on physical health and
cognition is highlighted, along with neuromuscular and ortho-
paedic changes. The main attraction of this chapter is the
description of intervention opportunities, with practical sug-
gestions for everyday care as well as specific interventions use-
ful for problems encountered.

Chapter 5 is devoted to the process of ageing in people with
developmental disorders other than Down syndrome. This
chapter attempts to bring valuable information from many
areas together in one section and classifies the syndromes as
progressive and non-progressive disorders. The focus of this
chapter is on how the ageing process influences a person’s
behaviour and functioning over time.

The next chapter is devoted to general guidelines on the
use of drugs in the ageing population, with a focus on the
use of anti-dementia medication, whilst the last chapter con-
centrates on living with ageing with special emphasis on co-
ordinated care and intervention. There is guidance on work-
ing with carers, improving general health, use of psychosocial
interventions, and environmental considerations. This chap-
ter provides good case examples and emphasis has been given
to combining approaches that are generally used for older
people and those with developmental disability.

Overall, I feel that this book is extremely useful to the
clinician involved in providing care for the older population
with developmental disabilities.

Sabyasachi Bhaumik

Faculty of Psychiatry of Learning Disability,
The Royal College of Psychiatrists, London, UK.
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