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Alzheimer's disease (AD) is the most common type of cognitive impairment in
the elderly. In this report, we presented a case of a 52-year-old woman with rapid
disease progression within 6 months. She was diagnosed with mild dementia
according to the clinical symptoms and neuropsychological assessment results.
Based on the results of neuropathological proteins in cerebrospinal fluid, cranial
magnetic resonance imaging, and positron emission tomography/computed
tomography, the patient showed the presence of B amyloid deposition,
pathologic tau along with neurodegeneration [A+T+(N+)], indicative of AD.
Whole exome sequencing revealed a heterozygous C-to-T missense mutation
of nucleotide 3,755 (c.3755C>T) in exon 25 of the angiotensin converting
enzyme (ACE) gene on chromosome 17923 (rs762056936).
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1 Introduction

Alzheimer’s disease (AD) is the most common type of cognitive impairment in the elderly,
characterized by the decline of multiple cognitive domains, varying degrees of neuropsychiatric
symptoms and compromised activities of daily living (ADL) (Scheltens et al., 2021). Depending
on the age of disease onset, AD is generally divided into early-onset AD (EOAD) and late-
onset AD, in which EOAD usually occurs before the age of 65 and accounts for 5-10% of all
AD cases (Zhu et al., 2015). Gene mutations are more common in EOAD than in late-onset
AD, and the most frequent culprit genes include amyloid precursor protein (APP), presenilin
1 (PSEN1) and presenilin 2 (PSEN2)(Dai et al., 2018).

In recent years, it has been reported that angiotensin converting enzyme (ACE) gene
mutations, such as insertion/deletion (I/D) polymorphisms, are associated with increased
susceptibility to AD (Yuan et al., 2015; Xin et al., 2021). In this paper, we report for the first
time a new type of missense mutation of the ACE gene in an EOAD patient with rapid disease
progression and review the research progress of the ACE gene and AD.
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2 Case presentation

A 52-year-old woman was admitted to the Center for Cognitive
Neurology, Department of Neurology, Beijing Tiantan Hospital,
Capital Medical University on April 27, 2022. Six months ago, the
patient developed hallucination and delusion without obvious causes.
She suspected that people on TV were spying on her family members
and that her pension had been stolen by strangers. Additionally, she
had visual hallucination of seeing non-existent persons who taught
her how to cook. Two months ago, her hallucination and delusion
alleviated spontaneously, but she began exhibiting recent memory
decline indicated by forgetting what had just happened and forgetting
to cook. Furthermore, her abilities to calculate, organize and complete
multitasking, and recognize family members were compromised at
times. Her capacity to take care of herself in daily life was mildly
compromised. She had no other neuropsychiatric symptoms,
including anxiety, depression and apathy, and had no significant
change in her weight, appetite, sleep, bowel movement, and urinary
function. She also had no other coexisting disorders and no family
history of dementia or psychiatric disorders.

2.1 Neurological system examination

The neurological system examination revealed that the patient
had declined episodic memory, calculation, attention, executive
function, and visuospatial ability. Consciousness, language, cranial
nerves, muscle strength and tone, posture and gait, ataxia, sensory and
tendon reflexes were all normal, and various pathological reflexes
were negative.

2.2 Assessment scales of clinical symptoms

The patient’s global cognitive function was assessed by the Mini-
Mental State Examination (MMSE) (Folstein et al., 1975) and the
Montreal Cognitive Assessment (MoCA) (Nasreddine et al., 2005)
scales, on which she scored 17 points and 12 points, respectively
(Table 1).

In terms of the functions of multiple cognitive domains, the
Auditory Verbal Learning Test (AVLT) (Guo et al., 2009), and
Rey-Osterrieth Complex Figure Test (RCFT)-delayed recall (Shin
et al., 2006) were used to assess her memory function. The Verbal
Fluency Test (VFT) (Mok et al., 2004) and Boston Naming Test (BNT)
(Katsumata et al., 2015) were used to assess her language ability. The
RCFT-imitation was used to assess her visuospatial ability. The Trail
Making Test (TMT) (Wei et al., 2018), the Stroop Color and Word Test
(SCWT) (Bondi et al., 2002), and the Symbol Digit Modalities Test
(SDMT) (Fellows and Schmitter-Edgecombe, 2019) were used to
assess her attention and executive function. These data indicated
impairments in her immediate recall, delayed recall, cue recall,
language, visuospatial ability, attention, and executive function
(Table 1).

The Neuropsychiatric Inventory (NPI) scale was used to evaluate
her total neuropsychiatric symptoms (Cummings et al., 1994). The
individual neuropsychiatric symptoms, including apathy, agitation,
depression, anxiety, sleep condition, and excessive daytime sleepiness
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were assessed by the Modified Apathy Estimate Scale (Starkstein et al.,
1992), the Cohen-Mansfield Agitation Inventory scale (Koss et al.,
1997), the Hamilton Depression Scale (Hamilton, 1960), the Hamilton
Anxiety Scale (Hamilton, 1959), the Pittsburgh Sleep Quality Index
(Buysse et al., 1989) and the Epworth Sleepiness (Johns, 1991),
respectively. The results of these scales were shown in Table 1, which
indicated that the patient had no obvious neuropsychiatric symptoms.
Furthermore, the ADL was assessed using the ADL scale (Katz
et al,, 1963), and disease severity was assessed using the Clinical
Dementia Rating (CDR) scale (Hughes et al., 1982) (Table 1).

2.3 Cerebrospinal fluid (CSF)

Lumbar puncture was performed and CSF was collected to
measure the potentially pathogenic variables of the patient. The results
revealed that AD biomarkers, including p amyloid protein (Ap), 4, and
AP, 12/ AP, 4, were decreased, and phosphorylated tau (P-tau) and total
tau (T-tau) were elevated. Other variables, including the oligoclonal
zone, inflammatory factors, autoimmune encephalitis (AE) antibody
profile, and 14-3-3 protein, showed no abnormalities (Table 2).

2.4 Cranial magnetic resonance imaging
(MRI)

The cranial MRI showed bilateral hippocampal atrophy with
medial temporal lobe atrophy (MTA) of grade 2 (Figure 1A), along
with multiple ischemic white matter lesions with a Fazekas scale of
grade 1 (Figure 1B).

2.5 Positron emission tomography/
computed tomography (PET/CT)

The '"F-fluorodeoxy glucose ("*F-FDG)-PET/CT scan showed
reduced glucose metabolism and brain atrophy in the bilateral temporal,
parietal, and frontal lobes (Figures 2A-D), and the "C-Pittsburgh
compound B ("'C-PiB)-PET/CT scan showed diffuse deposition of Ap
in the bilateral frontal, parietal, temporal, and occipital lobes, especially
in posterior cingulate gyrus and precuneus (Figures 2E-H).

2.6 Genetic testing

Whole exome sequencing was performed to detect exon mutations
in all genes, including APP, PSEN1, PSEN2, etc. The result revealed a
heterozygous C-to-T missense mutation of nucleotide 3,755
(c.3755C>T) in exon 25 of the ACE gene on chromosome 17q23,
resulting in the change of amino acid 1,252 from alanine to valine
(p. Alal252Val) (rs762056936) (Figure 3). This mutation has no
reported frequency in the 1,000 Genomes database, with a frequency
of 0.00001 in the ExAC database and 0.000004 in the gnom AD
database. Since this ACE gene mutation is consistent with the patient’s
phenotype, its potentially pathogenic role cannot be absolutely
excluded. In addition, her apolipoprotein E (APOE) genotype
was £3/€3.
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TABLE 1 The scores of rating scales for the clinical symptoms of the patient.

Clinical symptom

Cognitive function

Patient’s scores

Full scores

10.3389/fnins.2024.1343279

Sub-item

Global cognitive function

MMSE (points) 17 30 Orientation-4, Attention and calculation-5, Recall-1,
Repetition-1, Instruction-1, Drawing-1
MoCA (points) 12 30 Visuospatial and executive functions-4, Naming-1,
Attention-4, Language-3, Abstraction-2, Delayed recall-3,
Orientation-1
CDR (points) 1 3 /
Individual cognitive domain function
Memory
AVLT N1-3 (points) 6 36 /
AVLT N4 (points) 0 12 /
AVLT N5 (points) 0 12 /
AVLT N1-5 (points) 6 12 /
AVLT N6 (points) 0 12 /
AVLT N7 (points) 11 24 /
RCFT-delayed recall (points) 4.5 36 /
Language
AFT (points) 5 / /
VFT-H (points) 6 / /
VFT- alternating fluency (points) 2 / /
BNT (points) 28 30 /
Visuospatial ability
RCFT-imitation (points) 22.5 36 /
Attention / Executive function
TMT-A (points, seconds) 25,92 25,/ /
TMT-B (points, seconds) 13, 240 25,/ /
SCWT-A (points, seconds) 50, 30 50,/ /
SCWT-B (points, seconds) 50,78 50,/ /
SCWT-C (points, seconds) 15, 168 50,/ /
SDMT (points) 7 / /
Neuropsychiatric symptom
NPI (points) 2 144 Delusion +2
MAES (points) 5 42 /
CMAI (points) 29 203 /
HAMA (points) 4 56 /
HAMD (points) 6 78 /
PSQI (points) 3 21 /
ESS (points) 1 24 /
Activities of daily living
ADL (points) 25 80 /

MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; CDR, Clinical Dementia Rating; AVLT, Auditory Verbal Learning Test; RCFT, Rey-Osterrieth Complex
Figure Test; AFT, Animal Fluency Test; VFT, Verbal Fluency Test; BNT, Boston Naming Test; TMT, Trail Making Test; SCWT, Stroop Color and Word Test; SDMT, Symbol Digit Modalities
Test; NPI, Neuropsychiatric Inventory; MAES, Modified Apathy Evaluation Scale; CMAI, Cohen-Mansfield Agitation Inventory; HAMA, Hamilton Anxiety Scale; HAMD, Hamilton

Depression Scale; PSQI, Pittsburgh Sleep Quality Index; ESS, Epworth Sleepiness Scale; ADL, Activities of Daily Living.
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TABLE 2 The levels of potentially pathogenetic variables in CSF from the patient.

Sample and methods

Results

10.3389/fnins.2024.1343279

Reference range (age-
matched)

Initial pressure CSF 100 mmH,0O 80-180 mmH,O
Routine CSF Colorless, clear, WBC 1/uL —
GLU 4.41 mmol/L 2.50-4.50 mmol/L
Pro 27.86 mg/dL 15.00-45.00 mg/dL
Biochemistry CSE, Colorimetry
Cl 127 mmol/L 118-132mmol/L
LAC 1.60 mmol/L 1.10-2.40 mmol/L
APy.4» 151.36 pg/mL > 651.00 pg/mL
APy.40 7470.46 pg/mL > 7000.00 pg/mL
AD biomarkers CSE ELISA APy42/APi49 0.02 pg/mL >0.05pg/mL
P-tau 56.16 pg/mL <50.00 pg/mL
T-tau 450.78 pg/mL <399.00 pg/mL
24-h intrathecal IgG synthesis rate CSE, Immunoturbidimetric assay Normal —
IgG oligoclonal bands CSE IEF Negative Negative
Inflammatory factors
Blood and CSE, CLIA Normal —
TNF-a, IL-1p, IL-6, IL-8, IL-10, IL-2R
Infection virus anti-IgM profile
Blood and CSF, ELISA Negative Negative
RUB, CMV, HSV1, HSV2, EBV, COXV, TOX
AE antibody profile: PNMA2, Ri, Amphiphysin, Hu,
Yo, CV2, NMDAR, AMPAR1, AMPAR2, CASPR2,
GABABR1, GABABR2, GABAARal, GABAAR«3, Blood and CSE, WB and CBA Negative Negative
GABAARp3, GABAARY2, LGI1, IgLONS5, D2R,
DPPX, GlyR, mGluR5, Neurexin3, GAD65, a3AchR
14-3-3 protein CSE WB Negative Negative
Prion CSE RT-QuIC Negative Negative
Cytology CSF Normal —

CSE, cerebrospinal fluid; WBC, white blood cell; GLU, glucose; Pro, protein; Cl, chloride ion; LAC, lactic acid; AD, Alzheimer’s disease; ELISA, enzyme linked immunosorbent assay; A, p
amyloid; P-tau, phosphorylated tau; T-tau, total tau; IEF, isoelectric focusing; TNF, tumor necrosis factor; IL, interleukin; CLIA, chemiluminescence immunoassay; RUB, rubella virus; CMV,
cytomegalo virus; HSV, herpes simplex virus; EBV, Epstein-Barr Virus; COXYV, coxsackie virus; TOX, toxoplasma gondii; AE, autoimmune encephalitis; PNMA2, paraneoplastic antigen Ma2;
Ri (ANNA-2), anti-neuronal nuclear antibody-2; Hu (ANNA-1), anti-neuronal nuclear antibody-1; Yo (PCA-1), purkinje cell cytoplasmic antibody typel; CV2 (CRMP5), collapsin response

mediator protein 5 NMDAR, N-methyl-D-aspartate receptor; AMPAR, alpha-amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid receptor; CASPR2, contactin-associated protein-2;
GABABR, gamma-aminobutyric acid type B receptor; GABAAR, gamma-aminobutyric acid type A receptor; LGI1, leucine rich glioma inactivated 1; IgLONS5, immunoglobulin-like cell
adhesion molecule 5; D2R, dopamine-2 receptor; DPPX, dipeptidyl peptidase-like protein; GlyR, glycine receptor; mGluR5, metabotropic glutamate receptor 5; GAD65, glutamic acid
decarboxylase-65; a3AchR, alpha3 subunit of the nicotinic acetylcholine receptor; WB, Western Blot; CBA, cell based assay; RT-QuIC, real-time quaking-induced conversion.

FIGURE 1

Cranial MRI showed bilateral hippocampal atrophy with medial temporal lobe atrophy (MTA) of grade 2 (A, white arrow), and multiple ischemic white
matter lesions with Fazekas scale of grade 1 (B, white arrow).
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FIGURE 2

BF-FDG-PET/CT showed decreased glucose metabolism and brain atrophy in the bilateral parietal, temporal, and frontal lobes (A-D). *C-PiB-PET/CT
showed diffuse deposition of A in the bilateral frontal, parietal, temporal, and occipital lobes, especially in posterior cingulate gyrus and precuneus (E—H)
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FIGURE 3

of amino acid 1,252 from alanine to valine (p. Alal252Val) (red arrow).

Whole exome sequencing revealed a C-to-T missense mutation of nucleotide 3,755 (c.3755C >T) in exon 25 of the ACE gene, resulting in the change

3 Discussion

We for the first time report the case of a rapidly progressive EOAD
patient with a new heterozygous C-to-T missense mutation of
nucleotide 3,755 (c.3755C>T) in exon 25 of the ACE gene on
chromosome 17q23 (rs762056936). Based on her age, clinical
symptoms and the above findings, this patient was consistent with
A+T+(N+) (Jack et al., 2018), and not consistent with other causes,
including dementia with Lewy bodies, frontotemporal dementia, and
Parkinson’s disease, and therefore diagnosed with mild dementia due
to EOAD (Rascovsky et al., 2011; Sorbi et al., 2012; McKeith et al.,
2017). Subsequent genetic testing identified a novel missense mutation
in the ACE gene (rs762056936).

The ACE gene is located on chromosome 17923, and its
primary function is to convert angiotensin (Ang) I to Ang I, a
potent vasoconstrictor that narrows blood vessels and increases
blood pressure (Nalivaeva and Turner, 2019). Interestingly, ACE
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has the ability to decrease Af level by promoting its degradation
and retard its aggregation, deposition and fibril formation,
thereby improving cognitive function in AD patients (Hu et al.,
2001; Liu et al., 2019).

The most common polymorphism of the ACE gene is the I/D
variant of 287-bp in intron 16 (rs1799752) (Yuan et al.,, 2015),
which has been extensively studied in relation to cardiovascular
diseases and other health conditions. Studies on different ethnic
populations reported that the I/D polymorphism might play a role
in the development and progression of AD (Yuan et al., 2015; Xin
etal., 2021). However, the results regarding the association between
the I/D polymorphism and AD have been inconsistent (Sleegers
et al., 2005; Yuan et al., 2015; Achouri-Rassas et al., 2016; Hsieh
etal,, 2019). Individuals with the I/I genotype showed an increased
risk of AD, an enhanced NPI score, and reduced hippocampal and
amygdala volumes compared to those with the D/D genotype
(Sleegers et al., 2005; Yuan et al., 2015; Hsieh et al., 2019). It was
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also reported that individuals with the D/D genotype had a
significantly increased risk of developing AD and experienced a
greater decline in cognitive function over time than those with the
I/D or I/I genotype (Sleegers et al., 2005). It is possible that
differences in study design, sample size and population
characteristics may contribute to these conflicting results from
different investigations. Additionally, other single nucleotide
polymorphisms of the ACE gene, including rs4343 A/G and
rs1800764 T/C, might be linked to AD (Wang et al., 2017). A recent
case report from China identified a base change c.A479G in the
third exon of the ACE gene, which altered the encoding protein’s
160th codon from aspartic acid to serine, leading to rapidly
progressive AD (Ni et al., 2019).

In addition, ACE gene mutations may also be associated with the
neuropsychiatric symptoms of AD relating to the frontal lobe
(Oliveira et al., 2017; Hsieh et al., 2019). It was shown that carriers of
the C allele of rs1800764 had more severe hallucination when their
cognition was mildly impaired, and less anxiety when their cognition
was moderately impaired. Carriers of the A allele of rs4291 had more
severe agitation, disinhibition and irritability, as well as seriously
abnormal motor behavior (Oliveira et al., 2017). However, it remains
unclear the relationship between the ACE gene (rs762056936)
mutation we reported and the neuropsychiatric symptoms of AD at
the early stage of the disease, and the underlying mechanism needs
further exploration.

More interestingly, when multiple sequence analyses of ACE
protein from different species were performed in the Ensembl
Database, we found that Ala at the position 1,252 seemed to appear
in primate, but is not conserved in other species, whereas, amino
acids surrounding this position were mostly conserved. This suggests
that this mutation is likely to affect the structure and function of ACE
protein, which may only exist in primate. Previous study revealed that
lysine to alanine mutation significantly inhibited Ap oligomerization
and aggregation, and reduced its toxicity (Shuaib et al., 2020), which
confirmed that the mutations in amino acids affected AD pathology.
However, the mutation type of ACE gene we reported here has not
been reported in previous studies. The effect of this mutation type on
amino acid conservation, the different effects between different
species, and its relationship with AD need to be further explored.

This case report has limitations. First, the patient initially
presented with delusion and hallucination, however, these symptoms
spontaneously alleviated, and the results of scales for neuropsychiatric
symptoms were normal. The potential reason needs further
investigation. Secondly, her immediate family members refused
genetic testing due to geographical restriction, making it difficult to
determine whether this gene mutation is familial.

4 Conclusion

We report the case of a rapidly progressive EOAD patient with
a new missense mutation type in the ACE gene (rs762056936). At
present, the relationship between this type of ACE gene mutation
and AD is unclear, and the mechanism underlying their
relationship remains unknown. We share this interesting case with
the main aim of drawing much attention to the potential
relationship between this newly discovered ACE gene mutation
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and EOAD and further focus on exploring the mechanism
underlying their relationship.
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