
Clinical Case Report Medicine®

OPEN
Pathogenic variants of PR
OC gene caused type II
activity deficiency in a Chinese family
A case report
Hui Zhu, MD, Hongchao Liu, MD, Jingyao Liu, PhD

∗

Abstract
Rationale:Hereditary Protein C (PC) deficiency is a rare genetic disorder caused by PROC genemutation. In this article, we report a
case of PC deficiency in a Chinese family due to a novel PROC gene mutation.

StudySubject:The proband presented with recurrent cerebral infarction over the course of the previous 3years. He was admitted
to the hospital due to signs of mental retardation.

Diagnoses: Physical examination, laboratory tests, and magnetic resonance imaging demonstrated that the proband had a
manifestation of PC deficiency that included acute cerebral infarction. DNA sequencing analysis revealed a missense variant,
c.1015G>A (p.V339M from valine to methionine) in exon 9 of the PROC gene. In addition, Sanger sequencing confirmed that the
proband’s son was heterozygous for the same variant. Therefore, the PROC gene mutation was transmitted in an autosomal
dominant inheritance manner.

Interventions: The patient was treated with a daily dosage of Warfarin (3.5mg) and was scheduled to undergo regular blood
coagulation tests.

Outcomes: At the 3-month follow-up appointment, the patient showed improvements in his overall health condition.

Lessons:We identified a novel missensemutation in the PROC gene in a Chinese family which caused a decrease in the PC antigen
level and recurrent cerebral infarction.

Abbreviations: CVST = cerebral venous sinus thrombosis, DWI = diffusion-weighted imaging, MRI = magnetic resonance
imaging, MRV = magnetic resonance venography, PC = Protein C, SLE = systemic lupus erythematosus, SWI = susceptibility-
weighted imaging, VTE = venous thromboembolism.
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1. Introduction

Thrombophilia, a major risk factor for thromboembolic diseases,
describes a group of inherited or acquired blood clotting
disorders that can be caused by impaired anticoagulation,
fibrinolytic proteins, or coagulation factors.[1] The Protein C (PC)
anticoagulant pathway is crucial for regulating thrombosis. PC
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deficiencies are common among Asian patients with inherited
thrombophilia.[2,3] Hereditary PC deficiency results from
mutations in the PROC gene and the severity of symptoms is
determined by the presence of homozygous or heterozygous
mutations.[4] Homozygous patients present with more severe
symptoms including pulmonary embolism, disseminated intra-
vascular coagulation, and deep vein thrombosis in the neonatal
period. In contrast, symptoms in heterozygous patients mostly
develop in adulthood and these patients often present with deep
venous thrombosis.[5]

In this report, we present a Chinese family with hereditary PC
deficiency caused by a novel PROC gene mutation.

2. Methods

2.1. Subjects

The study protocol was revised and approved by the Ethics
Committee of Jilin University, Changchun, China. Patients
involved in this study agreed to participate by signing an
informed consent form before commencing the study procedures.
2.2. Brain imaging

The proband underwent several brain imaging procedures
including magnetic resonance imaging and diffusion-weighted
imaging (MRI+DWI), susceptibility-weighted imaging (SWI),
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magnetic resonance venography (MRV), and cerebrovascular
digital subtraction angiography.
2.3. PROC gene mutation analysis

Blood samples were drawn from the proband and the proband’s
son, and DNA was extracted according to the standard
protocols. The DNA was amplified on a GeneAmp Polymerase
Chain Reaction system 9700 fast thermal cycler (Applied
Biosystems) and sequencing was performed on an ABI
3730XL capillary sequencer (Life Technologies). PROC muta-
tion was identified through a comparison of the obtained
sequences with a human genome sequence and the pathological
Figure 1. Brain MRI+DWI demonstrating patchy abnormal signals in

2

mutation was identified using the Human Gene Mutation
Database (PMID: 7670104).

3. Results

3.1. Clinical manifestations

The proband, a 49-year-old male farmer, suffered from recurrent
cerebral infarctionx that repeated five times over a 3-year period.
Consequently, the patient developed unclear speech and slow
reaction and was admitted to the hospital due to signs of mental
retardation. The patient had no history of hypertension, diabetes,
pulmonary embolism, deep venous thrombosis in the lower
extremities, or smoking or drinking problems. However, the
the right paraventricular, semiovale center and right parietal lobe.
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patient confirmed that his father and uncle suffered from
“cerebral infarctions” repeatedly. Neurological examination
revealed sluggish speech and slow reaction time but with normal
memory and computational functions as well as normal
orientation. Pupil and cranial nerve examinations showed no
abnormalities. Sensorimotor functions were normal in all
extremities and pathological reflexes were absent.
Laboratory investigations revealed normal findings for the

blood counts, blood electrolytes, and liver and renal functions.
Similarly, pituitary hormone levels (except gesterol) were within
Figure 2. Brain SWI showing abnormal signals in the
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the normal levels. Interestingly, the PC activity (111%, normally
74–100%) was also normal but the PC antigen level was low
(<1mg/dl, normally 1.40–6.30mg/dl).
Brain MRI+DWI showed patchy abnormal findings in the

right paraventricular, semiovale center and the right parietal lobe
(Fig. 1), SWI showed abnormal signals in the right temporal
occipital lobe and left parietal lobe (Fig. 2), and the brain MRV
and Cerebrovascular digital subtraction angiography were
normal. Therefore, the patient was diagnosed with cerebral
infarction with PC deficiency.
right temporal occipital lobe and left parietal lobe.
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Figure 3. Sanger DNA sequencing profiles. The proband carry a novel
mutation c.1015G>A. The proband’s son was heterozygous for this mutation.
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3.2. Genetic analysis

Genetic analysis revealed a missense mutation G>A (c.1015G>
A) that led to an amino acid change (p.V339M) in exon 9 of the
PROC gene (Fig. 3). Sanger sequencing confirmed PROC1 point
mutation in the proband and his son. They were both
heterozygous for this variant. The proband’s father and uncle
had died several years earlier and therefore, we could not obtain
blood samples.
Based on the clinical manifestations and genotypic analysis

results, we constructed the family pedigree (Fig. 4) and our results
suggested that PROC point mutation led to inherited PC
deficiency. The proband was treated with a daily Warfarin
regimen (3.5mg) and underwent regular blood coagulation
testing. At the 3-month follow-up appointment, the patient’s
speech disorder was significantly improved, which positively
impacted his quality of life.

4. Discussion

Activated PC plays a crucial role in the regulation of coagulation
and PC deficiency is often associated with thrombosis.[6] In this
study, our results showed a heterozygous mutation of g1015a
Figure 4. Pedigree of the Chinese family carrying a novel PROC mutation.
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(v339 → m339) in exon 9 of the PROC gene in an adult male
patient with recurrent cerebral thrombosis. Interestingly, the
patient’s PC level was normal, but his antigen level was low. A
coagulation test and genetic analysis demonstrated the absence of
v339m mutation in the proband’s son. The proband’s father and
uncle had a history of recurrent cerebral infarctions and both of
them had died years earlier. Therefore, it was not possible to
diagnose whether their thrombosis was caused by the same
missense mutation. Nevertheless, there was no family history of
venous thrombosis or liver and kidney diseases and the level of
PC antigen was normal in other family members. Taken together,
we presented a case consistent with type II PC deficiency in this
study.[7]

Griffin et al demonstrated that PC deficiency is often associated
with a family history of recurrent venous thrombosis and low PC
antigen.[8] In addition, PC deficiency can also be associated with
various clinical manifestations including venous thromboembo-
lism (VTE) and acute life-threatening complications like purpura,
fulminant purpura, and disseminated intravascular coagulation
as well as severe sepsis.[9] Moreover, activated PC is the main
mediator of inflammation.[10] PC is synthesized in hepatocytes
and circulates in plasma as a heterodimer complex of heavy and
light chains.[11] Activation of PC occurs on the surface of
endothelial cells and requires two membrane receptors: endothe-
lial PC receptor and thrombomodulin.[12] Activated PC inacti-
vates activator V and VIII through limited proteolysis, thus
inhibiting thrombin production.[13]

To date, more than 300 mutations that disturb PC protein
synthesis and/or function have been reported. PC deficiency can
be classified as quantitative (type I), characterized by reduced
levels of PC, or qualitative (type II), in which patients have almost
normal antigen levels with reduced activity.[7] In this study, the
proband’s PC activity was normal, but his PC antigen level was
low Therefore, our patient was diagnosed with type II hereditary
PC deficiency. The type of PC deficiency can be affected by other
factors in addition to the gene mutation.[6] Our results revealed
that g1015amutation did not affect the PC level but decreased the
antigen level. Alhenc-Gelas et al previously demonstrated that
about 25% of PC type II mutation carriers do not display a
phenotype in accordance with the mutation category.[7]

In this study, the brain MRI+DWI showed patchy abnormal
findings in the right paraventricular, semiovale center and the
right parietal lobe. Hereditary PC deficiency can be an
independent risk factor for venous thrombosis in the early stage,
especially cerebral venous sinus thrombosis (CVST), and
increases the risk of CVST recurrence.[6] Systemic lupus
erythematosus (SLE) is another risk factor for recurrent
thrombosis leading to recurrent venous thrombosis and eventu-
ally death.[14] In our study, our proband, his father, and his uncle
had recurrent cerebral thrombosis. Their family history indicated
the absence of venous thrombosis and the onset age was more
than 40years old.
Heterozygous PC deficiency occurs due to one wild-type and

one mutated PROC gene. Studies have shown that around 5% of
VTE patients may have heterozygous PC deficiency.[15] More-
over, the risk of thrombosis in asymptomatic heterozygous PC
deficiency patients increases by 2.5% per year.[16] Therefore,
members of our proband’s family should be screened and self-
monitored for signs of VTE.
Information regarding the impact of PROC gene mutation on

the clinical phenotype is controversial.[7,17,18] It is likely that the
risk of VTE is different among PC mutation carriers. Owing to
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the fact that hereditary PC deficiency screening is usually based
on plasma PC measurements, the heterogeneity of the PC plasma
phenotype can lead to an increased risk of misdiagnosis.
Therefore, analysis of PROC gene mutation can be instrumental
in identifying heterozygous individuals. These individuals should
be monitored for VTE and physicians should consider adminis-
tering prophylactic anticoagulant therapy.[7,19–22]

Taken together, in this article, we reported a novel PROC
pathogenic variant p.V339M associated with the development of
PROC type II deficiency. Our results can further enhance the
available knowledge regarding PROC mutations and the
resulting phenotypes. Future studies will focus on clarifying
the underlying molecular mechanism of p.V339M mutation.
Author contributions

Hongchao Liu collected the data. Huizhu analyzed the study
results. Methodology and investigation were mainly carried out
by Jingyao Lui, respectively. Hui Zhu and Jingyao Liu revised
and supervised the whole project. Hui Zhu wrote the manuscript.
All authors approved the final version of this manuscript.
Data curation: Hongchao Liu.
Formal analysis: Hui Zhu.
Investigation: Hui Zhu.
Methodology: Hongchao Liu.
Project administration: Jingyao Liu.
Writing – original draft: Hui Zhu.
Writing – review & editing: Hongchao Liu, Jingyao Liu.
References

[1] Stevens ST, Woller SC, Bauer KA, et al. Guidance for the evaluation and
treatment of hereditary and acquired thrombophilia[J]. J Thromb
Thrombolysis 2016;41:154–64.

[2] ShenMC, Lin JS, TsayW. High prevalence of antithrombin III, protein C
and protein S deficiency, but no factor V Leiden mutation in venous
thrombophilic Chinese patients in Taiwan. ThrombRes 1997;87:377–85.

[3] KimS, Song I, KimHK, et al. Thrombophilia inKorean patientswith arterial
or venous thromboembolisms. Ann Surg Treat Res 2016;90:340–5.

[4] Dahlback B. The protein C anticoagulant system: inherited defects as
basis for venous thrombosis. Thromb Res 1995;77:1–43.
5

[5] Yuan XL, Li CG, Chen XW, et al. Clinical features and gene mutation
analysis of a family with severe congenital protein C deficiency. J China
Pediatr Blood Cancer 2018;23:94–8.

[6] Yang LH,WangMS, Zheng FX, et al. Different impact of two mutations
of a novel compound heterozygous protein C deficiency with late onset
thrombosis. Genet Mol Res 2014;13:2969–77.

[7] Alhenc-GelasM, ève Plu-Bureau G,Mauge L, et al. Genotype–phenotype
relationships in a large french cohort of subjects with inherited protein C
deficiency. Thromb Haemost 2020;120:1270–81.

[8] Griffin JH, Evatt B, Zimmerman TS, et al. Deficiency of protein C in
congenital thrombotic disease. J Clin Invest 1981;68:1370–3.

[9] Goldenberg N, Manco-Johnson M. Protein C deficiency. Haemophilia
2008;14:1214–21.

[10] Brouwer J-LP, Lijfering WM, ten Kate MK, et al. High long-term
absolute risk of recurrent venous thromboembolism in patients with
hereditary deficiencies of protein S, protein C or antithrombin. Thromb
Haemost 2009;102:93–9.

[11] Stavenuiter F, Bouwens EAM, Mosnier LO. Down-regulation of the
clotting cascade by the proteinC pathway.Hematol Educ 2013;7:365–74.

[12] Esmon CT. The protein C pathway. Chest 2003;124:26S–32S.
[13] Dinarvand P, Moser KA. Protein C Deficiency. Arch Pathol Lab Med

2019;143:1281–5.
[14] Su KK, Zhang HY, Fang WW, et al. Protein C deficiency (a novel

mutation: ala291Thr) with systemic lupus erythematosus leads to the
deep vein thrombosis. Blood Coagul Fibrinolysis 2018;29:714–9.

[15] Baglin T, Gray E, Greaves M, et al. Clinical guidelines for testing for
heritable thrombophilia. Br J Haematol 2010;149:209–20.

[16] Kottke-Marchant K, Comp P. Laboratory issues in diagnosing
abnormalities of protein C, thrombomodulin, and endothelial cell
protein C receptor. Arch Pathol Lab Med 2002;126:1337–48.

[17] Folsom AR, Aleksic N, Wang L, et al. antithrombin, and venous
thromboembolism incidence: a prospective population-based study.
Arterioscler Thromb Vasc Biol 2002;22:1018–22.

[18] Tang W, Stimson MR, Basu S, et al. Burden of rare exome sequence
variants in PROC gene is associated with venous thromboembolism: a
population-based study. J Thromb Haemost 2020;18:445–53.

[19] Allaart CF, Poort SR, Rosendaal FR, et al. Increased risk of venous
thrombosis in carriers of hereditary protein C deficiency defect. Lancet
1993;341:134–8.

[20] Reitsma PH, Bernardi F, Doig RG, et al. Protein C deficiency: a database
of mutations 1995 update. Thromb Haemost 1995;73:876–89.

[21] Greengard JS, Fisher CL, Villoutreix B, et al. Structural basis for type I
and type II defificiencies of antithrombotic plasma protein C: patterns
revealed by three-dimensional molecular modelling of mutations of the
protease domain. Proteins 1994;18:367–80.

[22] Uitte deWillige S, VanMarion V, Rosendaal FR, et al. Haplotypes of the
EPCR gene, plasma sEPCR levels and the risk of deep venous thrombosis.
J Thromb Haemost 2004;2:1305–10.

http://www.md-journal.com

	Pathogenic variants of PROC gene caused type II activity deficiency in a Chinese family
	1 Introduction
	2 Methods
	2.1 Subjects
	2.2 Brain imaging
	2.3 PROC gene mutation analysis

	3 Results
	3.1 Clinical manifestations
	3.2 Genetic analysis

	4 Discussion
	Author contributions
	References


