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We present a case of a patient in their 80s who presented with rapid
development of apathy, social withdrawal and anorexia, on a back-
ground of mild memory symptoms. The time from onset of symptoms
to death was 18 months. The main neuropathological findings at
autopsy were stage Il argyrophilic grain disease (AGD), limbic TDP-43
proteinopathy (stage 4 or 2), primary age-related tauopathy (PART)
(Braak and Braak stage Ill) and ageing-related tau astrogliopathy
(ARTAG). We review the literature on clinical presentations of AGD
and reflect on the complexity of making clinical-pathological correla-
tions in the older population, in whom mixed neurodegenerative

pathologies are the norm, rather than the exception.

Zane Jaunmuktane and Elizabeth Caruana Galizia are joint senior authors.

A patient in their 80s was admitted with an 18-month history of
mild memory problems, initially associated with retained social func-
tion. Nine months prior to admission, he started to withdraw socially.
Three months later, he began self-neglecting, stating ‘I just want to go
now’.

On admission, he was cachectic, with pressure sores, and was
incontinent of urine. Neurological examination was unremarkable
apart from a score of 42/100 on the Addenbrooke’s Cognitive
Examination-Revised. Blood investigations were in keeping with
severe dehydration and malnutrition with hypernatraemia (Sodium
161), hypokalaemia (Potassium 3.2), hypoalbuminaemia (Albumin 15),
anaemia (Hb 101, MCV 97.2, RDW 16.8) and thrombocytopaenia
(platelet count 74). Thyroid function, Vitamin B12, folate, BNP, HIV
and Syphilis, NMDA and VGKC-complex antibodies and inflammatory
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markers (CRP and WCC) were all normal or negative. Abdominal ultra-
sound showed pleural effusions and ascites with a small regular liver.
An ascitic tap revealed a transudate with no malignant cells and no
growth. He did not tolerate an EEG or lumbar puncture.

There was no history of previous depression. The pre-morbid per-
sonality was sociable and jovial. The only previous medical history
was of dysentery with a possible history of alcohol excess. He was on
rifaxamin for chronic diarrhoea. There was no relevant family history.
There was no past history of repetitive head trauma or traumatic brain
injury.

MRI head demonstrated an unusual pattern with hippocampal
atrophy along its entire length (with no anterior-posterior gradient)
including the ambient gyrus without disproportionate parietal atrophy
(Figure 1). There was also a degree of orbitofrontal atrophy.

He was empirically managed with slow rehydration, pabrinex
(high dose intravenous vitamins B and C), acyclovir and antibiotics but
declined oral intake stating, ‘1 am past my sell-by date’ and ‘I am
dying’. The neuropsychiatry opinion was that given the lack of previ-
ous affective disorder, he had a depressive stupor secondary to a pre-
sumed neurodegenerative iliness. With worsening hypernatraemia, he
became increasingly drowsy. The decision was made for no further
investigations, and he died 7 weeks after admission.

Neuropathological examination of the brain revealed mild, non-
specific dilatation of the lateral ventricles and mild to moderate atro-
phy of the amygdalae and hippocampi but no other specific changes,
and the brain weight was within the normal range for the patient’s
age (1,400 g).

Detailed histological examination of the brain revealed limbic pre-
dominant hyper-phosphorylated tau and TDP-43 pathologies (see
Figure 1). Tau pathology was in the form of argyrophilic grains, pre-

sent across the medial and lateral temporal lobes, cortex of the insula

and cingulate gyrus and nucleus accumbens, but not in the cortex of
the frontal lobe or brainstem, corresponding to stage Il [1]. There was
also neurofibrillary tangle tau pathology in the medial temporal lobes
corresponding to Braak and Braak stage Il [2]. There was no amyloid-
beta pathology (no parenchymal deposits and no cortical or leptome-
ningeal vascular—including capillary-amyloid angiopathy in any of the
lobes), and hence, the tangle pathology was considered to be on
the spectrum of primary age-related tauopathy rather than AD [3].
Furthermore, there was widespread ageing-related tau astrogliopathy
(ARTAG) with fuzzy granular labelling in the amygdala and cortex of
the temporal lobe, insula and anterior cingulate gyrus, with occasional
perivascular and subpial thorn-shaped astrocytic tau pathology in the
white matter near the caudate nucleus: medial temporal lobes and
basal forebrain and with subependymal distribution around the lateral
ventricle. Ballooned neurons were not a feature. Alpha-synuclein
staining showed no Lewy body pathology in the amygdala, hippocam-
pus, parahippocampal, fusiform or inferior temporal gyri. No Lewy
bodies or Lewy neurites are observed in the midbrain, including sub-
stantia nigra.

In addition to neuronal and glial tau pathology, there was wide-
spread TDP-43 pathology in the limbic regions (hippocampus and
amygdala), anterior basal ganglia and the insular cortex, but without
any pathological inclusions in the frontal lobe or superior, middle and
inferior temporal gyri, corresponding to stage 4 [4] or stage 2 [3].

In summary, the patient presents with rapidly progressive neuro-
psychiatric symptoms on a slower background of cognitive decline
owing to multiple pathologies including argyrophilic grain disease
(AGD). Of note, a detailed examination of the brain revealed no other
specific misfolded protein or any other pathologies such as prion or
Alzheimer’s disease, which would otherwise explain the patient’s rapid

neuropsychiatric deterioration.

Subiculum

FIGURE 1 Radiological and histopathological features. MRI brain: (A) coronal T1 sequence showing atrophy affecting the hippocampi,
including the ambient gyrus, and parahippocampal gyri (white circle around left temporal lobe); (A) sagittal T2 sequence demonstrating anterior
left temporal lobe atrophy (white solid arrow) with relative preservation of the parietal lobes (white dashed arrow). Histopathology:
hyperphosphorylated tau and TDP-43 pathology in the medial temporal lobe. (C, D) Immunostaining for hyperphosphorylated tau (clone ATS,
Thermo MN1020) shows widespread neuropil thread and neurofibrillary tangle pathology (green arrows in D) in the hippocampus and subiculum
with occasional grains (red arrows in D). (E) Frequent grains (red arrows) in addition to tangles and neuropil threads are also seen in the amygdala.
(F) Immunostaining for non-phosphorylated TDP-43 (clone 2E2-D3, Abnova H00023435-M01) shows short threads (blue circle) and occasional
neuronal cytoplasmic inclusions (blue arrows) in the CA1 and subicular regions.
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Argyrophilic grains were first reported as a novel pathological
finding in the hippocampal region in 4-13% of the brains of
late-onset dementia patients [5]. Argyrophilic grains are small, gran-
ular, silver stain positive and phosphorylated tau immunoreactive
structures deposited in the neuropil of limbic regions, which in
most advanced stages also show neocortical and brainstem involve-
ment [1]. Based on anatomical regional involvement, there are four
recognised neuropathological stages of AGD [1]. Neuroimaging
studies have shown atrophy of the anterior temporal and frontal
lobes, more specifically the ambient gyrus or non-specific cerebral
atrophy [1, 6-9]. Diagnosis is exclusively by histopathological
examination, with no antemortem diagnostic test or biomarker
available.

AGD is four-repeat tauopathy and included in the FTLD-tau
group [6, 10]. Transmission studies in experimental mice indicate that
AGD is a distinct tauopathy strain, comparable to corticobasal degen-
eration and progressive supranuclear palsy [11]. AGD is recognised as
a distinct strain of tauopathy [12], with a tau-fold by cryo-electron
microscopy similar to that of ARTAG but distinct from that of Alzhei-
mer’s disease or PART.

AGD is associated with older age and lower socioeconomic sta-
tus [6]. The contribution of AGD to the clinical phenotype remains
controversial, as it often occurs with co-morbid pathologies and has
been reported in up to 30% of people with no known cognitive
impairment [1]. Nevertheless, three main clinical presentations associ-
ated with argyrophilic grain presence are recognised: slowly progres-
sive cognitive decline, personality disturbance mimicking behavioural
variant frontotemporal dementia (bvFTD) and/or superimposed or iso-
lated neuropsychiatric symptoms (usually aggression or irritability but
sometimes including delusions and hallucinations, personality change,
hypomania and suicide). [5, 13-15]

Stage Il AGD, as seen in the patient reported here, is relatively
advanced and typically associated with clinical manifestations. The
involvement of mesial temporal (limbic) structures, as seen in our
patient, is a recognised cause of amnesia and behavioural distur-
bance [1]. We hypothesise that our patient’'s AGD did contribute to
his clinical presentation, including the rapid progression, which has
occasionally been reported. Cases mimicking CJD including one with a
3-month duration [16], a case with a MAPT S305| mutation with
a 1.5-year duration similar to ours [17] and two cases of combined
AGD and CJD [1] have been reported.

However, it is likely that the patient’s clinical syndrome was
produced by the interaction of multiple neuropathologies. Limbic
TDP-43 has recently been recognised as a significant cause of late-
life cognitive decline [3]. As noted by Ferrer et al. [1], AGD likely
acts as an ‘additive pathology’, with clinical sequelae being ampli-
fied by the presence of other pathologies such as PART, ARTAG
and TDP-43 with which it is frequently associated [1, 5, 6, 18].
Features mitigating against a primary psychiatric disorder include
the lack of personal history of affective disorder, the rapid develop-
ment of depressive stupor, the fluctuations in mood and the

neuroimaging findings.
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This case demonstrates the complexity of making antemortem
clinical-pathological associations in older people with neurodegenera-
tive phenotypes. Dementia in the oldest old is typically associated
with mixed pathology; it is rarely caused by a single process, such as
Alzheimer’s disease in isolation. [19]. Current biomarker platforms do
not adequately reflect the full range of neuropathologies associated
with late-life dementia [20]. Although cerebrospinal fluid analysis for
Alzheimer-related biomarkers was not obtained in this case, a nega-
tive result would have been potentially misleading if interpreted as
supporting a primary psychiatric disorder. In the reductive amyloid/
tau/neurodegeneration (ATN) scheme, this patient would likely have
been labelled as A-T + N+; however, this cannot capture the
patient’s clinical presentation or the particular array of neuropathol-
ogies causing it nor would such a classification have supported clinical
decision-making or personalised care. In summary, this case illustrates
the inevitable diagnostic agnosticism necessary in evaluating older
people with neuropsychiatric presentations where even the most
careful clinical assessment and detailed investigations cannot reliably
predict the underlying neuropathological processes.

Representative formalin fixed paraffin embedded brain regions
were stained with haematoxylin and eosin and immunostained for
abnormal PrP (D-Gen Ltd, London, UK, anti-PrP ICSM35, 1:1,000 and
Cayman Chemical, UK, anti-PrP 12F10, 1:200), amyloid-f (DAKO;
MO0872; 6F3D; 1:50), hyperphosphorylated tau (Invitrogen; MN1020;
AT8; 1:1,200), alpha-synuclein (Abcam; Ab1903; 4Dé; 1:1,000),
TDP43 (Abnova; H00023435-M01; 2E2-D3; 1:500) and pé2
(BD Transduction; 610,833; 3/P62LCK Ligand; 1:100). Immunostain-
ing was performed on a ROCHE Ventana Discovery automated stain-
ing platform following the manufacturer's guidelines, using
biotinylated secondary antibodies and a horseradish peroxidase-
conjugated streptavidin complex and diaminobenzidine as a chromo-
gen. All immunostainings were performed with appropriate controls.
All slides were digitised on a digital slide scanner at 40X magnification
(NanoZoomer S360, Hamamatsu), and for pathology figure prepara-
tion, representative images were taken on NZConnect (Hamamatsu)
slide viewing platform: scale bar: 5 mm in C; 250 um in D, 125 pm in
E (for inset, it corresponds to 40 um) and F.

AUTHOR CONTRIBUTIONS

Camilla N. Clark: Drafting manuscript and reviewing patient notes.
Norman Poole: Clinical decision making of patient in life; review of
manuscript. Jeremy D. Isaacs: Clinical decision making of patient in
life; review of manuscript. Andrew D. MacKinnon: Selection and
review of MR images and editing of legend; manuscript review. Philip
Rich: Review of MR images of patient in life and for manuscript. Leslie
R. Bridges: Neuropathological diagnosis; manuscript review. Zane
Jaunmuktane: Neuropathological diagnosis; neuropathology figure
preparation; manuscript review. Elizabeth Caruana Galizia: Clinical
management and diagnosis of patient in life; manuscript review.

CONFLICT OF INTEREST STATEMENT

The authors have not declared any relevant conflict of interest.

5US0 17 SUOWILOD) A1) 3|cedljdde ays Aq pausenob e sapile YO ‘88N Jo S9N 1o AfelqiT auluQ AS|[IA UO (SUONIPUOD-PUR-SLLLBY WD A3 1M Aelq 1 Ul |UO//:SA1Y) SUORIPUOD pue swid | 8U) 885 *[720z/70/8T] uo Ariqiauliuo A8|IA ‘Uopuo JO AiseAlun S61099) IS Aq £/62T UeU/TTTT OT/I0p/Woo A3 1M Aeiq 1 pul|uo//SdNy WOl papeoumoq ‘2 ‘720z ‘0662S9ET



40f4 Neuropathology and
ot LWL Ey-erepatholosy

CLARK ET AL.

Applied Neurobiology

'JOURNAL OF THE BRITISH NEUROPATHOLOGICAL SOCIETY.

ETHICS STATEMENT

The patient’s son gave written consent (posthumous) for the case to

be published and has reviewed the details of the submitted

manuscript.

PEER REVIEW
The peer review history for this article is available at https://www.

webofscience.com/api/gateway/wos/peer-review/10.1111/nan.
12973.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the

corresponding author upon reasonable request.

REFERENCES

1.

Ferrer |, Santpere G, van Leeuwen FW. Argyrophilic grain disease.
Brain. 2008;131:1416-1432. Available from: https://pubmed.ncbi.
nlm.nih.gov/18234698/

Braak H, Braak E. Neuropathological stageing of Alzheimer-related
changes. Acta. Neuropathol. 1991;82(4):239-259. doi:10.1007/
BF00308809

Nelson PT, Dickson DW, Trojanowski JQ, et al. Limbic-predominant
age-related TDP-43 encephalopathy (LATE): consensus working
group report. Brain. 2019;142(6):1503-1527. doi:10.1093/brain/
awz099

Josephs KA, Murray ME, Whitwell JL, et al. Updated TDP-43 in Alz-
heimer's disease staging scheme. Acta. Neuropathol. 2016;131(4):
571-585. doi:10.1007/s00401-016-1537-1

Togo T, Isojima D, Akatsu H, et al. Clinical features of Argyrophilic
grain disease: a retrospective survey of cases with neuropsychiatric
symptoms. Am. J. Geriatr. Psychiatry. 2005;13(12):1083-1091. doi:
10.1097/00019442-200512000-00008

Rodriguez RD, Suemoto CK, Molina M, et al. Argyrophilic grain dis-
ease: demographics, clinical, and neuropathological features from a
large autopsy study. J. Neuropathol. Exp. Neurol. 2016;75(7):628-635.
doi:10.1093/jnen/nlw034

Saito Y, Nakahara K, Yamanouchi H, Murayama S. Severe involve-
ment of ambient gyrus in dementia with grains. J. Neuropathol. Exp.
Neurol. 2002;61(9):789-796. doi:10.1093/jnen/61.9.789

Saito Y, Yamazaki M, Kanazawa |, Murayama S. Severe involvement
of the ambient gyrus in a case of dementia with argyrophilic grain
disease. J. Neurol. Sci. 2002;196(1-2):71-75.

Sakurai K, Tokumaru AM, lkeda T, et al. Characteristic asymmetric
limbic and anterior temporal atrophy in demented patients with

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

pathologically confirmed argyrophilic grain disease. Neuroradiology.
2019;61(11):1239-1249.

Perry DC, Brown JA, Possin KL, et al. Clinicopathological correlations
in behavioural variant frontotemporal dementia. Brain. 2017;140(12):
3329-3345. doi:10.1093/brain/awx254

Clavaguera F, Akatsu H, Fraser G, et al. Brain homogenates from
human tauopathies induce tau inclusions in mouse brain. Proc. Natl.
Acad. Sci. U S A. 2013;110(23):9535-9540. doi:10.1073/pnas.
1301175110

Shi 'Y, Zhang W, Yang Y, et al. Structure-based classification of tauo-
pathies. Nature. 2021;598(7880):359-363. do0i:10.1038/s41586-
021-03911-7

Shioya A, Saito Y, Arima K, et al. Neurodegenerative changes in
patients with clinical history of bipolar disorders. Neuropathology.
2015;35(3):245-253. doi:10.1111/neup.12191

Asaoka T, Tsuchiya K, Fujishiro H, et al. Argyrophilic grain disease
with delusions and hallucinations: a pathological study. Psychogeria-
trics. 2010;10(2):69-76. doi:10.1111/j.1479-8301.2010.00318.x
Ding ZT, Wang Y, Jiang YP, et al. Argyrophilic grain disease: fre-
quency and neuropathology in centenarians. Acta. Neuropathol.
2006;111(4):320-328. doi:10.1007/s00401-006-0043-2

Wurm R, Klotz S, Rahimi J, et al. Argyrophilic grain disease in individ-
uals younger than 75 years: clinical variability in an under-recognized
limbic tauopathy. Eur. J. Neurol. 2020;27(10):1856-1866. doi:10.
1111/ene. 14321

Kovacs GG, Pittman A, Revesz T, et al. MAPT S305I mutation: impli-
cations for argyrophilic grain disease. Acta. Neuropathol. 2008;
116(1):103-118. doi:10.1007/s00401-007-0322-6

Koga S, Zhou X, Murakami A, et al. Concurrent tau pathologies in
frontotemporal lobar degeneration with TDP-43 pathology. Neuro-
pathol. Appl. Neurobiol. 2022;48(2):e12778. doi:10.1111/nan.12778
Kapasi A, DeCarli C, Schneider JA. Impact of multiple pathologies on
the threshold for clinically overt dementia. Acta. Neuropathol. 2017,
134(2):171-186. doi:10.1007/s00401-017-1717-7

Isaacs JD, Boenink M. Biomarkers for dementia: too soon for routine
clinical use. Lancet Neurol. 2020;19(11):884-885. doi:10.1016/
S$1474-4422(20)30365-3

How to cite this article: Clark CN, Poole N, Isaacs JD, et al.
Argyrophilic grain disease and co-pathologies in an older
patient with a rapidly progressive neuropsychiatric syndrome.
Neuropathol Appl Neurobiol. 2024;50(2):e12973. doi:10.1111/
nan.12973

85UB017 SUOWIWOD dA a1 3ol dde au A peusenob ae sajoliie VO ‘8sn JO o[ 10y Afeid 1T 8UIIUO AB|IA LD (SUONIPUOD-PUR-SLLIBI WD A8 1M ARe.q 1 |BulUO//SdNL) SUONIPUOD Pue SWie | 8u18es *[202/y0/8T] o Akeidiauliuo AB|IM ‘uopuo JO AIsAIUN SBI099 1S AQ £262T UeU/TTTT OT/I0PAW0D A8 1M Aleiq | ul|uo//Stily WOl pepeojumod ‘Z ‘¥20Z ‘066259ET


https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/nan.12973
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/nan.12973
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/nan.12973
https://pubmed.ncbi.nlm.nih.gov/18234698/
https://pubmed.ncbi.nlm.nih.gov/18234698/
info:doi/10.1007/BF00308809
info:doi/10.1007/BF00308809
info:doi/10.1093/brain/awz099
info:doi/10.1093/brain/awz099
info:doi/10.1007/s00401-016-1537-1
info:doi/10.1097/00019442-200512000-00008
info:doi/10.1093/jnen/nlw034
info:doi/10.1093/jnen/61.9.789
info:doi/10.1093/brain/awx254
info:doi/10.1073/pnas.1301175110
info:doi/10.1073/pnas.1301175110
info:doi/10.1038/s41586-021-03911-7
info:doi/10.1038/s41586-021-03911-7
info:doi/10.1111/neup.12191
info:doi/10.1111/j.1479-8301.2010.00318.x
info:doi/10.1007/s00401-006-0043-2
info:doi/10.1111/ene.14321
info:doi/10.1111/ene.14321
info:doi/10.1007/s00401-007-0322-6
info:doi/10.1111/nan.12778
info:doi/10.1007/s00401-017-1717-7
info:doi/10.1016/S1474-4422(20)30365-3
info:doi/10.1016/S1474-4422(20)30365-3
info:doi/10.1111/nan.12973
info:doi/10.1111/nan.12973

	Argyrophilic grain disease and co-pathologies in an older patient with a rapidly progressive neuropsychiatric syndrome
	AUTHOR CONTRIBUTIONS
	CONFLICT OF INTEREST STATEMENT
	ETHICS STATEMENT
	PEER REVIEW
	DATA AVAILABILITY STATEMENT

	REFERENCES


