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Abstract
The evaluation of genetic predisposition for early cerebral infarction(ECI)may contribute to the
recognition of individuals at increased risks and thereby prevent CI in clinical practice. The study was to
investigate genetic risk of ECI with ischemic stroke. The proband, his father, grandfathers, and siblings
have early-onset ischemic stroke with the similar clinical symptoms. Based on the MR imaging of brain
with high signal on DWI, the proband and affected sibling have ischemic infarction in basal ganglia and
without apparent cerebral artery stenosis. There are 19 genes with single-nucleotide mutations in 4
patients with early-onset ischemic stroke depending on whole-exome sequencing and analysis (WES)
compared with control group. The mutated AKT2/FFAR2/ATP1A3/GRIN2D genes were enriched in the
cAMP pathway by the KEGG pathway analysis. In summary, in this family, polygenes mutations, involved
in the cAMP pathway, might be the crucial factors for the predisposition to ischemic stroke. The
ascertaining of the role of genetic factors in stroke conduces to the accuracy assessment of future stroke
risk among susceptible individuals.

1 Introduction
At present many conventional factors correlated with cerebral infarction(CI), such as high blood pressure,
smoking, age, or cardiovascular diseases, however, the risk still remains unexplained. The fact that why
some people with similar risk factors and lifestyle such as smoking and diet have CI while others with
almost similar risk and habit are still healthy in one family. Decades of research indicated that genetic
risk factors may predispose individual to the development of CI1. There is a lot of evidence suggesting
the monogenic role in the pathogenesis of CI1. More evidence suggested that stroke is a complex
multifactorial and polygenic disease. Genetic factors might act by moderating the effects of other risk
factors on the target tissues, organs and promote the process of CI2.

In humans, several genes have been identi�ed to play considerable role in CI using both linkage and
candidate gene association studies, and the genetic contribution seems to be stronger in CI patients
younger than 70 years than in those who are older3. Moreover, genetic factors may be more important in
large-vessel stroke and small-vessel stroke than in cryptogenic stroke4. In this paper, we use whole-exome
sequencing (WES) to analyze the possible pathogenic gene mutations in a pedigree with early-onset
cerebral infarction.

2 Materials And Methods

2.1 Study subjects
The CI pedigree members were selected from the department of Neurology, Binzhou Medical University
Hospital. Brain magnetic resonance imaging was to evaluate cerebral infarction. The control group are
from normal healthy people with same age group (55–65 years) in this family. The Ethics Committee of
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the Binzhou Medical University Hospital reviewed and approved this study. Written, informed consent was
obtained from this family.

2.2 Genomic DNA preparation
Genomic DNA was extracted from peripheral blood samples, collected from the patient and his families,
using a Gentra Puregene Blood Kit (Qiagen, Germany). A spectrophotometer (NanoDrop 2000, USA) was
used to determine the purity and concentration of the genomic DNA in the sample. The genomic DNA
library was prepared using the Agencourt SPRIselect Reagent Kit (Beckman Coulter, USA) in accordance
with the manufacturer's instructions.

2.3 Whole-exome sequencing and analysis (WES)
All exome capture enrichments were done using the SureSelectXT Reagent Kit (Agilent Technologies, CA,
USA), according to the manufacturer's instructions. The enriched DNA samples were sequenced via 2 ×
150-base paired-end sequencing using an Illumina Hiseq Sequencing System (Illumina, CA, USA).

2.4 Data analysis
Sequence reads were aligned to the human reference genome (hg19) using Burrows–Wheeler Aligner
with default parameters. Variants were identi�ed using Genome Analysis Toolkit (GATK) and VarScan
software. Coverage analysis was determined using the Picard software. Reads that matched exonic
regions, including exon–intron-boundaries were analyzed. Single nucleotide polymorphisms (SNPs) and
insertion/deletion (indels) analysis was done using different �ltering steps. Genes with at least two
heterozygous changes in the DNA sequence were considered to be the most likely to cause disease,
though some homozygous variants were also examined. Annovar, a software tool that accesses and
utilizes information from external databases to assess implications and consequences of a given
sequence alteration, was used to annotate the resulting list of variants. Relevant mutations of all IS genes
were then prioritized manually. WES was completed by Shanghai Genesky Biotechnology Co., LTD.

3 Results

3.1 Pedigree analysis
Genetic map demonstrated that the proband ( -11) (Fig. 1, arrow), a 47-year-old male, experienced
repeated cerebral infarction and left limb paralysis in the arm and leg on the right side. The proband’
father ( -7), father’s brothers ( -1 and -5) and proband’s grandfather (I-1) had early onset ischemic stroke.
Affected and unaffected family members were chosen for genetic analysis (Fig. 1). The proband’s 55-
year-old sister ( -10) and 58-year-old brother ( -3) were selected as control group. The age of onset in this
family with male-only affected ischemic stroke were about 50 years old (Fig. 1). The affected and
unaffected member have health risks of smoking but without hypertension and diabetes mellitus.
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Depending on the MR imaging of the brain, the proband and his 56-year-old brother ( -8) had acute
ischemic infarction in basal ganglia. Time-of-Flight (TOF) MRA was applied to demonstrate that there is
no cerebral artery stenosis intracranially (Fig. 2A-F).

3.2 Evaluation of the function of mutant genes
Genetic testing was carried out in 9 family members ( -8-12, -1, -3, -1 and -2) (Fig. 1). Then we use
WES to analyze the possible pathogenic gene mutations in a pedigree with early onset cerebral infarction.
Using the unaffected sibling as control, a total of 19 single gene mutations in all four patients were
identi�ed. Depending on the previous reports on genetic predisposition to ischemic stroke, the gene
mutations and effects were evaluated (Table 1) 4–13. To check the expression of genes in basal ganglia
at the Human Protein Atlas (https://www.proteinatlas.org/). A total of 14 genes expression was in basal
ganglia (Table 1). Information on the variant frequency in general population was showed in the Table 2
by searching different genome databases.

KEGG analysis of the above genes revealed that 4 gene mutations (AKT2/FFAR2/ATP1A3/GRIN2D) were
enriched in the cAMP signaling pathway (Fig. 2G). To investigate the role of mutated genes in cerebral
infarction, Phenolyzer (http://phenolyzer.usc.edu) was used to search the tile:
infarction_middle_cerebral_artery. ATK2 was predicted as associated gene with infarction in the middle
cerebral artery.

The fourth-generation people such as -1 and -2 do not have ischemic stroke. Depending on the screened
genes from the control group by WES, there are 11 (�rst priority 7 genes, orange yellow) and 7 genes
mutation (�rst priority 3 genes, orange yellow) in total 19 gene mutations in the sample of -2 and -1
individually (Table-2). Moreover, the mutated genes in the -1 and -2 were different completely.

4. Discussion
Early onset cerebral infarction in three generations in one family suggest the role of genetic risk factors.
There are 19 single gene mutations of the proband and affected siblings was demonstrated apparently
compared with healthy individuals in this family. These results indicated that polygenetic effects are the
major components in the pathogenesis of CI. Among the candidate genes,
AKT2/FFAR2/ATP1A3/GRIN2D genes enriched in the cAMP signaling pathway by KEGG analysis. AKT2
was predicted the association with CI.

In this family, proband and his old brother all suffered from ischemic infarction in basal ganglia and they
do not have obvious great vessel stenosis. Infarction of basal ganglia supplied by lateral lenticulostriate
arteries (LSA), which originate from the middle cerebral artery. There is still no publication to report that
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special gene mutation contribution to the basal ganglia infarction due to LSA. Nevertheless, a total of 14
from 19 genes expressed in the basal ganglia.

Cyclic adenosine monophosphate (cAMP) exerts important biological roles in the pathophysiology of
ischemic stroke14. In the early stage of CI, necrotic cells release a mass of cytokines and chemokines,
which activate astrocytes and microglial to produce pro-in�ammatory factors15. cAMP could regulate
neuroin�ammation after ischemic stroke to protect against neuron injury. Researches has shown that
prostaglandin E2 and prostaglandin I2 can protect neurons and reduce neuronal death by increasing
intracellular cAMP15.

In our research, AKT2/FFAR2/ATP1A3/GRIN2D gene mutations in four patients may be associated with
the dysfunction of the cAMP pathway. Genetically predicted AKT serine/threonine kinase 2 (AKT2) was
associated with infarction by Phenolyzer software. Some research has demonstrated that ischemic
postconditioning exerts its neuroprotective effect through negatively regulating PI3K/Akt2 signaling
pathway5. Free fatty acid receptor 2 (FFAR2), a receptor for acetate, involved in glucose homeostasis16.
The upregulation of ATPase Na+/K + transporting subunit alpha 3 (ATP1A3) attenuates ischemic brain
damage17. In addition, the downregulation of glutamate ionotropic receptor NMDA type subunit 2D
(GRIN2D) enhanced rates of neuroprotection from ischemic strokes compared to wild-type mice18.

For the fourth generation, the -1 and -2 have different gene mutations. Compared with control group,
there are 11 and 7 genes with same mutation in -2 and -1 individually in 19 mutated genes. Moreover,
the gene mutations were completely different in two members of this family. In this family, CI onset was
in male-only member and gene mutation might contribute to the pathogenesis of CI. The genetic
susceptibility to stroke might differ depending on the gender of aging people19. Base on the �ndings, the
member -1 was susceptible to have ischemic stroke, which need more evidence.

In summary, polygene mutations may modulate the other risk factors in the pathogenesis of CI. Further
research into the genetic risk factors of stroke will strictly compliment ongoing national and international
efforts to decrease the global burden of stroke.
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Tables
Tables 1-3 are available in the supplementary �les section.

Figures

Figure 1

A pedigree chart displays a family tree and the members of the family, who are affected. Squares indicate
male family members, and circles, female family members. Black squares represent the affected
members of the family, who have early -onset ischemic stroke.
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Figure 2

Brain MR and gene mutation analysis associated with ischemic stroke. (A-F) MRI DWI, T2 FLAIR, and
MRA of patients showed that the acute cerebral infarction was in the basal ganglia region without
obvious great vessel stenosis. (G) Statistics of pathway enrichment was indicated.
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