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Thyroid regulation is essential for ontogenesis and
functions of central nervous system:

The mechanisms of memory and learning are based on the plasticity
of the CNS synaptic structures, provided, in particular, by the changes
in the neuronal biosynthesis of RNA and proteins, which are involved
in the potentiation of synaptic transmission. All these processes
depend on thyroid hormones (TH).

1) TH increase the activity of amino-acyl-t-RNA synthetases in

Gull WW, On a cretinoid
state supervening in adult
life in women, 1874, Trans
Clin Soc Lond 7:180-5;
Ord WM On myxoedema, a
term proposed to be applied
b to an essential condition in
the ‘cretinoid’ affection

) Plate VI occasionally observed in .. L3
brain. middle-aged women. Med- Wllllam M.

2) Production of neurotrophic factors depends on TH, and is William W. Gallc é&grans 1878 ;61:57-78.
impaired in the hippocampus,cerebellum and cortex in TH deficit. (1816-1890)

3) TH regulate neuronal plasticity associated with learning, and
changes in the expression of their blood-carrier transthyretin serve
as a characteristic correlate of memory consolidation.

4) The reduction of neuronal networks essential for maturation of
brain as well as programmed cell death in the brain - both are based
on TH-depending apoptotic-like processes.

5) TH via activation of K+-Na+ -ATPase may accelerate bioelectric
processes in nervous system.

6) TH control the fate of cerebral stem cells & organogenesis of
cerebellum

7) TH control phagocyte behavior and activity of cerebral microglia

rd
: \1834-1902)

Fagge CH. On Sporadic
Cretinism, occurring in
England. Med Chir Trans. ¢
1871;54:155-170.1.

Charles H. Fagge F*il\

(1838-1883)
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During next 100 years the
prevalence of Hashimoto
disease dramatically increased
worldwide (maybe due to
influence of iodine and other
adjuvant factors) and it became
globally most frequent
autoimmune disorder and
most prevalent
endocrinopathy, a leading
reason of hypothyroidism in wast
areas with sufficient or excessive
iodine supply.



Hashimoto's encephalopathy, birth of the term - Fathers:

MYXOEDEMATOUS MADNESS
By

R. ASHER, M.D.,, M.R.C.P.
Physician, Central Middlesex Hospital

Myxoedema is one of the most important, one of the least
known, and one of the most frequently missed causes of
organic psychoses—important because it may respond so
gratifyingly to treatment, little known because little has
beey written about it, often missed because the textbook
description of myxoedema is not the rule but the exception.

Fourteen cases are here described, all of which had
myxoedema and psychotic changes. In every one of them
the diagnosis was canﬁrmcd beyond doubt. They all
showed a h to * madness,”
ten being admitted to the mental observation wards under
the Lunacy Act, one referred to the neurosurgeon for cere-
bral tumour, and three to general medical wards with other
diagnoses. In nine of the cases there was a dramatic and
complete recovery of sanity with thyroid treatment, in two

AR ge, and
ases had
suggests

Richard A.J. Asher (1912-1969) Archibald J. Cronin (1896-1981)
ASHER R. Myxoedematous madness. Br Med J. 1949 Sep 10;2(4627):555-62.
Cronin A. J. The Citadel. Victor Gollancz Publishers: London a.e.; 1937. p. 446.
Brain L, Jellinek EH, Ball K. Hashimoto's disease and encephalopathy. Lancet. 1966; 2(7462):512-4.

UV UL e Ui ) REUPRSIY pemUens Ui wise  piees
no special type.

Cases in the literature record a very wide variety ¢
mental changes, and certainly in the series I have observe
there has been no constant type of psychosis, thoug
general confusion and disorientation with persecutor

and i and | bouts of res
less violence, have been comman. 1 have made the diag
nosis on the myxoedematous appearance of the patient an
not on the kind of mental symptoms. No physician woul
attempt to diagnose lobar pneumonia or typhoid by th
delirium they may produce, and likewise in myxoedema |
is the disease which is the characteristic feature, not it
mental manifestations.

The fact that recorded cases of myxoedema psychosi
have closely resembled paranoia (Case 1 and Stoll, 1932]
schizophrenia (Zondek and Wolfsohn, 1944), melancholi;
(Buschan, 1896), or other orthodox psychoses does sugges
that the common psychoses—schizophrenia, mania, melan
cholia, pdrmum, and so on—may turn out to be mo

in th . but of underlyin;
organic disease.

Does the Response to Thyroid Prove the Myxoedematou:
Origin of the Psychosis?

First, if the case responds it is of course no absolut(
proof, because almost any type of psychosis can improve
spontaneously. Nevertheless, when mental symptoms tha
have been present in a hypothyroid patient for man!
months clear dramatically within a few weeks of starting
thyroid it is reasonably certain that they were due K
myxoedema.

Secondly, if the mental changes persist after adequatq
thyroid treatment, does this mean they were not myx
oedematous ?  As Ruhberg (1936) points out: “It it
necessary to determine if they are secondary to thyroic
insufficiency or merely a coincident concomitant.”” He
states dogmaticallv: “If the mental symptoms are par
of myxoedema, improvement and relief should be obtainec
by establishing a normal basal metabolic rate.”  Akelaitit
(1936), discussing cases which showed physical but no
mental improvement with thyroid, also concludes: * The
psychos:s was a ooqucnce and not part of the myx
oedema.” Such are I
is generally agreed that metabolic changes can product
irreversible damage—for instance, the changes of prolongec
hypoglycaemia or of pellagra may fail to respond respec
tively to glucose or to the vitamin B complex, although
they were caused by deprivations of these. Again, the
belated treatment of cretinism shows that the changes ir
the brain cannot be reversed by thyroid.

Dr. Leonard Simpson (personal communication) records
such a case in which peculiar behaviour persisted after
thyroid treatment and ultimately ended in psychosis. Hence
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HASHIMOTO'S disease is usually a ** silent > disorder, and
has been regarded as a good example of autoimmunc
disease since the experimental work of Witebsky and Rose
(1957) and the observations of Doniach and Roitt (1957)
on serum antibodies in patients with thyroid disease.
Yount (1960) wrote that it had no systemic manifestations.
Becker et al. (1965) sought to link Hashimoto’s disease

with other possible autoimmune disorders; in a review of
153 patients with microscopically proven Hashimoto’s
discase at the Mayo Clinic between 1926 and 1960 (inciud-
ing 119 necropsies) 36 had associated diseases, such as
rheumatoid  arthritis, pernicious anemia, myasthenia
gravis, penic purpura, Addi-
son’s disease. i itis, idi i
cirrhosis of the liver, disseminated lupus erythematosus,
acute hemolytic anwmia, scleroderma, and ulcerative
colitis. 22 out of these 36 patients with Hashimoto’s
disease died from the associated discasc, and Becker ct al.
concluded that “the association suggests that a

may exist in
viduals with morphologic cvidence of thyroiditis ”

In contrast, Masi et al. (1965) in a similar study

cases and Berkson’s bias, whereby largely asympto;
disorders like Hoshimoto’s discase were likely td7
detected only when they were associated with a 1[[
prominent discase. ¢ following case-report, howd )i |
the apparent onset of Hashimotc’s disease itself le
‘hospital ms.esuyuons‘ and was followed within a ({4
weeks i

s : xurEneNces
5 1957) Lancet, i,
B e Conahes W% 1508

a1
U353 5r. med. 7.5, 1374,
72, 499.
Williams, A. W. (1962) Br.

e . i
. Fi Shatman, L. £

. Fi Med. 29, 513

ath. Bacs. 83, 255.

disturbance on the left side of the bods
Himny {

In 1953 a 40-year-old coachbuilder was found lying deep
unconscious at his place of work with a lacerated scalp; he w
admitted to two hospitals, and made a slow but comple
recovery. His cerebrospinal fluid contained 50 mg. protein p
100 ml, 6 cells per c.mm. (1 polymorph, 5 lymphocytes). F
was thought to have had an unobserved head injury, and
remained well for the next seven years.

n 1960, at the age of forty-cight years, while undergoi
negative investigations for a slight haxmoptysis, he was seen
have become sleepy, podgy, and more sensitive to cold; he hi
a goitze and a puffy face, and the clinical diagnosis of Hast
moto’s disease was_confirmed by thyroid-antibody studi
(table 1), and thyroid biopsy. Thyroxin 02 mg. daily w
begun in February, 1961, which was reduced to 01 mg. dai
in March on account of restlessness and vomiting.

The Neurological Ilness
On April 26, 1961, the patient complained of feeling unwe
and of dyssthesia in the right arm and leg for a few hour
In May, 1961, he became tired and irritable, and on July It
he was found struck down with sudden aphasia and rig]
hemiplegia. He was conscious on admission to hospital bi
Iapsed into tetraparetic coma with Cheyne-Stokes respiratio
The pressurc of his cerebrospinal fluid was normal, but t
fluid contained 100 mg. protein per 100 ml. (table 11). Durit
the next week he recovered completely. In August there we
x stroke-like episodes in different areas of the bra
{table 1x). From these cpisodes he would recover within a di
without any residual abnormal neurological signs.
Bilateral carotid on Sept. 3 was
but was followed by four days of confusion with bilater
extensor plantar responses.
On Oct. 10 the patient was readmitted because of sudm
blindness in the right eye, which was followed by a
,.” Ho had & lefs hem
€ E

Lord Walter Russell
Brain (1895-1966)



Brain manifestations of Hashimoto's disease are not merely
results of hypothyroidism, with 2 patterns which may combine

Hypothyroidism (both in AIT and in non-autoimmune cases

tardiness and perseveration of thinking and speech, cognitive
dysfunction down to organic dementia

memory loss, failure of skills and abilities

adynamia and akinesia

asthenic syndrome

depressive & phobic ideas

Hashimoto encephalopathy (in proven AIT with any thyroid
status) — 2 patterns («stroke-like attacks» vs «indolent
psychotic-like»

cognitive dysfunction (36-100%)

Psychosis symptoms (paranoid, visual hallucinations, mood
disturbances, oneiroid syndrome, delirious manias and catatonia)
—25-36%

tremor (28-84%), seizures (52-66%), myoclonus (37-65%),
epileptic status (12-20%)

altered consciousness (26-85%), transient aphasia (73%-84%),
focal deficit (27-67%). stroke-like episodes (18-31%).

Cerebellar dysfunction: Gait disorder/ataxia (28-65%), muscle
hypotonia, opsoclonus, dysmetria, and dysdiadochokinesia



Manifestations, comorbidities and treatment of Hashimoto thyroiditis with
encephalopathy are not identical with that of other hypothyroid states.

- The course of AIT may include long euthyroid periods of
compensation and even display hyperthyroid episodes caused by
thyroid hormone efflux from demolishing thyrocytes as well as by

parallel effects of anti-TSH-receptor agonistic autoantibodies. The last
phenomenon is inherent to quite common cases of hashitoxicosis;

- Picture of Hashimoto encephalopathy is described in AIT patients
with ANY thyroid status, not only in overt hypothyroidism (20%),

but also in slight or subclinical one (40%) [Engum A. et al. 2002; Hashimoto

Samuels MH, 2014] or in euthyroid (30%) status of the patients thyroiditis with
[Kirim S. et al., 2012].Even hyperthyroid and thyrotoxic (10%) cases enc;ephabpilthz
of HE have been described [Barker R et al., 1996; Seo SW et al., 2002]; / .

- Hashimoto thyroiditis and its associated psychom /

are comorbid with many other autoimmune and neuroimmune -
diseases, which is not the case for non-autoimmune (e.g. iodine-

deficient) cases of myxoedema and associated myxoedematous -

madness;
Major part of Hashimoto encephalopathy cases are prone to
immunodepressive and antiinflammatory GCS treatment, although
there are lot of GCS-resistant cases [Mijajlovic M. et al., 2010].
Hypothyroid mental disorder per se are incurable by GCS therapy.




EPIDEMIOLOGY AND AETIOLOGICAL FACTORS

The incidence of HE is estimated as 2.1/100 000 with 85% of female cases, although several
most severe ones are described in males [Ferrecci F. et al., 2004; Montanga M. et al., 2016].

Few possible risk factors mentioned in various case reports were the effects of adjuvant-like or
immunostimulating agents of exogenous (alpha-interferon, Epstein-Barr virus, checkpoint
inhibitor Nivolumab, radio-lodine, stem cell therapy) [Arrojo M. et al., 2007; Bonnet U. et al.,
2016; Hori T. et al., 2010; Maetani T et al 2019; Ruina et al. 2020; Vicent MG et al. 2019] or
endogenous (estrogens) [Sella F. et al., 2002] origin.

Lithium which produces TSH resistance of thyrocytes and alters reception of vasopressin was
accused as one more provocation factor for HE [Nagamine M. et al., 2008].

The disease is most typical for female patients of middle age (40-50 y. o0.), although considerable
number of paediatric cases was described (beginning from 14 months old kid, but most of early
cases observed during menarche period of adolescent girls), as well as few geriatric ones - up
to a,86 y.o. woman.



Pathogenesis of Hashimoto encephalopathy: 3 concepts

prone to intermingle

Three major mechanisms were
suspected in pathogenesis of HE:

- vasculitis-related (oldest, coined in
pioneer paper by Lord Brain et al
(1966);

- related to “toxic”/deregulatory
influence of some hormones,
excessively produced in response to
hypothyroidism (Latinville D. et al.,
1985);

- autoantibody-related (including those
against not only thyroid, but also
extrathyroid antigens) (Ghawche F. et
al.;1992).

Blood vessel

B. Alterations in cerebral perfusion

YA 1.Immune-mediated disruption of vascular endothelium

_> 2. Immune-mediated disruption of vascular smooth

muscle

Astrocyte
/=78 . "
Wizg)\ 3. Intravascular immune complex deposition

A. Cellular toxicity

Immune-mediated disruption of

astrocytes and neurons

ol

C. Metabolic stress
1. Energy failure due to abnormal glycolysis
2. Hypoxic stress

3. Production of reactive aldehydes

Chew S., Venna N. (2019) Hashimoto’s Encephalopathy. In: Cho T., Bhattacharyya

S., Helfgott S. (eds) Neurorheumatology. Springer, Cham.
https://doi.org/10.1007/978-3-030-16928-2 17



Pathogenesis of Hashimoto encephalopathy (HE): more
detailed picture, the links not alternate, but intermingle:

AETHIOLOGICAL FACTORS
INFECTIOUS AGENTS

POLYCLONAL
IMMUNOSTIMULATORS

ADJUVANTS I

AUTOIMMUNE THYROIDITIS

HYPOTHYROIDISM

HYPOTHALAMIC
PITUITARY REACTION

AUTOANTIBODIES
AGAINST:

r
Ay

MICROTHROMBOSIS

v ‘95.“
\ DAMAGE OF =
NEURONS >
TTSH

DYSREGULATION DEMYELINATIO

- some autoantigens are shared by neurons, glia and
vascular cells, thus vasculitis can be not only immune
complex, but also cytotoxic. A1DMA autoantibodies

block EDRF synthesis and prevent active hyperemia;

- some hormonal
changes in AIT
(hypothyroidism &
hyperprolactinemia)
fachiotateoautahamgoest
in AIT facilitate
cerebral
atherosclerosis and

ormonal change
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hypoperfusion
There are several peptides homologous between €
of 3 major thyroid autoantigens (TG, TPO, R-TSH)
and epitopes of each of 3 major extrathyroid targets
(alDMA, alAR, disulphide-isomerase A3 [Benvenga

IMEATRMENY MANIFESTATIONS etal., 2020]
+ Churilov LP, Sobolevskaia PA, Stroev YI. Thyroid gland and brain: Enigma
Fig. 1. Scheme of pathogenesis of HE. ABBREVIATIONS: alAR — autoantibodies against 1-aldoreductase, alDMA —autoantit . . .
apaine: 1 dimetylarginase, 28 s Engliosde autoandbodies, aMOC [ 2utsandbodies againet ryeli oliscden VIS S S SV SO SRRy

aTPO — autoantibodies against thyroid perox

se. HE — Hashimoto's encephalopathy TSH — thyroid stimulating hormone.

2019 Dec:33(6):101364.



Pathogenesis of Hashimoto encephalopathy: vascular
concept, pro et contra: .

- presence of hypoperfusion zones on brain CT
images in some of the cases, especially during |
mental exercise tests lack of active functional
hyperemia);

- but many cases do not show that changes.

- thyroid is still out of scope of attention during post
mortem autopsies, because AIT relation with
potentially lethal metabolic syndrome so far is not
comprehended by health care practitioners. But, few
occasional autopsies of HE patients perished revealed
phlebitis or polyangiitis through all the brain or at
least in the brainstem. Small and medium-sized blood

vessels or perivaSCUIar spaces infiltrated with Transaxial brain single-photon emission computed tomography

|ymphocytes’ predominantly of T-subsets. [Tsai SL images with irregular and patchy decreased cortical tracer
uptake of both hemispheres (arrows) [from:Grande ML, et al.

e.a., 2011; Duffey P. e.a,, 2003]. Brain hypoperfusion on Tc-99m-ethylene dicysteine diethyl
13 ester single-photon emission computed tomography in
Hashimoto's encephalopathy. Indian J Nucl Med. 2013;28(2):




Pathogenesis: Hormone-r

Hashimoto thyroiditis always causes compensatory
increase in thyroliberin and TSH. Initial dyshormonal
concept related HE to the ability of thyroliberin induc
tremor, seizures, epileptic activity and alter
cerebellar degeneration which all may occur in HE.
High effectiveness of L-thyroxine treatment without
GCS was also interpreted as a witness for this concept.
Ishii K. et al. (1995) experimentally reproduced
exacerbation of HE with typical motor disorders in a
volunteer patient by injection of thyroliberin Now
this theory is semi-forgotten, although it has important
new facet. Thyroliberin is also potent prolactoliberin.
That’s why AIT and HE commonly proceeds with
hyperprolactinemia. Prolactin is well known autocrine,
paracrine and endocrine stimulator of autoimmunity.
This may create a vicious circle in HE pathogenesis.
High hyperprolactinemia is psychopathogenic per se
and causing infertility may secondarily alter mental
health, of a patient. Anti-psychotic neuroleptics which
cause hyperprolactinemia in many cases aggravate HE

Mpoaaxtun (MME/n)

elated concept is still alive

Hyperprolactinemia in Hashimoto thyroiditis: effect of viscious circle

with alteration of reproductive potential and psychics

The consequences include not only disorder of reproduction, but
also mood disorders and secondary promotion of autoimmunity

hypothalamus

Fact of prolactoliberin and
thyroliberin effects overlap was
proven by P.J. Sneider et al.

relatively long ago (1973)
Prolactin is systemic and paracrine
stimulator of autoallergy [Orbacha H.,
pchoenfeld Y., 2007]. Hyperprolactinemia
is typical for ATT because of progressing
hypothyroidism and prolactoliberin-like
effect of compensatory produced
thyroliberin

TOSLP0937 neuroleptics the correlation between

nominal risk of drug-related
hyperprolactinemia and real level of
prolactin was strong BUT INVERSE. It
robably was not iatrogenic but inherent to
HE pathogenesis

250

] 7
PHCK Ir'HNeprnpoakTHHeMHH



Hypothyroidism in AIT+HE may act not only as endocrine

factor, but also via immunomodulation

WHAT IS THE — Free T4 . Hypothe_sis: hypothyroidism delays a_poptosis o_f _autort_aactive
EFFECT OF lymphoid clones, thus self-aggravating AIT (vicious circle).
Treatment with thyroid hormones decrease anti-platelet antibodies

THYROXINE IN .
COMPLICATED and |nlltl:rr‘ease_pIatt:Ifets;_WITHOUT GI;NItEtRAIEhIMMUN:S_UPIRESSION.
AIT & HOW IT yroxine effectiveness was better than prednisolone

Mihara §. et al. Effects of thyroid hormones on apoptotic cell death of human
ymphocytes /] | Clin. Endocrinol Metab. —1999.- Vol 84. -P. 1378

WORKS?

EFFECT IS NOT . . . d
Patient D.S., multirganic autoimmunopathy

ONLY
SU:;ETTITAE;I)V = [ blood platelets, bin/I
IMMUNE 180-
MODULATING, 160- [ |
140 - |
120 |
IT DOES NOT 1004 -
INVOLVE DIRECT 80 .
CORTISOL 60 |
IMMUNE ) |
DEPRESSION, |
BUT INVOLVES 20+
DECREASE OF 0 . - =
PROLACTIN pested ¥ dmso\c; e o cand
Exctrathyroid parameters Efi:\ne



Pathogenesis of HE: just anti-TPO or set of anti-thyroid or
even extrathyroid minor AAB specificities?

AETHIOLOGICAL FACTORS Neither TPO, nor TG, nor TSH-R — are NOT unique organe-specific
pr— ——— markers. Anti-thyroglobulin autoan‘uboches recog.mze antigens of cerebral
vasculature, anti-TSH-receptor autoantibodies bind to cortical neurons,

AUTOIMMUNE THYROIDITIS . .
S and aTPO localize on astroglial cells of cerebellum and on cerebral

cortex. TPO also has homology with endothelial peroxidase of cerebral
vasculature and there was described a combined case of Wegener’s
granulomatosis and Hashimoto encephalopathy [Crisanti P. et al. 2001;
Moodley K. et al., 2011; Blanchin S. et al., 2008]. Anti-TPO and anti-TG
L . may affect cerebral glucose metabolism [Pilhatsch M. et al. 2014]. Thus,

e extrathyroid symptoms of Hashimoto's disease which involve CNS can

AUTOANTIBODIES HYPOTHALAMIC
AGAINST: PITUITARY REACTION

|
I
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Fig. 1. Scheme of pathogenesis of HE. ABBREVIATIONS: alAR — autoantibodies against 1-aldoreductase, alDMA —autoantil i £ Bapt Sehiz £R i Eep 2ehlz o

against 1-dimethylarginase, aGS — anti-ganglioside autoantibodies, aMOG — autoantibodies against myelin-oligodend

ot adics N s meptie of aieoizser e sanmene e e Behavioral abnormalities induced by specific IgG in mice.(Shoenfeld. Drori,
aTPO — autoantibodies against thyroid peroxidase, HE — Hashimoto's encephalopathy TSH — thyroid stimulating hormone. . . . . . N
Shavit-Stein. Sobolevskaia. Churilov et al.. unpublished data. in nress)
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glycoprotein, aNAE
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anti-ganglioside autoantibodies, aMOG
autoantibodies against N-terminal peptide of alfa-enolase, aTG
aTPO — autoantibodies against thyroid peroxidase, HE — Hashimoto's encephalopathy TSH — thyroid stimulating hormone.
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Fig. 1. Scheme of pathogenesis of HE. ABBREVIATIONS: alAR autoantibodies against 1-aldoreductase, alDMA —autoantil
autoantibodies against myelin-oligodend

autoantibodies against thyroglc

Pathogenesis of HE: just anti-TPO or set of anti-thyroid or
even extrathyroid minor AAB specificities?

Our attempts to create a mice model of HE with polyclonal anti-TPO rich
IgG from HE patients were just relatively successful. Polyclonal mixture
contained AAB of minor specificities also, not exclusively anti-TPO. Also,
behavioral abnormalities were clear after intrathecal intracerebral injection,
but after intracysternal precise injection under stereotaxic control they were
reproduced just partially and with borderline statistical reliability (Shoenfeld.
Drori, Shavit-Stein, Sobolevskaia, Churilov et al., unpublished data, in

Immunofluorescent
staining of normal
mouse brain
sections after
intratechal injection
of commercial
control IgG (A-F) or
anti-TPO IgG (G-
L). Dentate gyrus
and the CA1 layer
of hippocampus (G,
H).

At the x10 magnification, higher intensity staining of CA1 region by anti TPO (I, J)

compared to control (C, D). x40 magnification shows a specific binding of anti-TPO
to pyramidal cells soma at CA1 region (K ,L).
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Pathogenesis of HE: minor AAB specificities - alpha-

nolase

AETHIOLOGICAL FACTORS

INFECTIOUS AGENTS

ADJUVANTS I POLYCLONAL

IMMUNOSTIMULATORS

AUTOIMMUNE THYROIDITIS

HYPOTHYROIDISM

HYPOTHALAMIC

AAAAAAAA PITUITARY REACTION

4,2 1

4,0

log. anti-ENO1 Abs, T-score

p = 0,003*

p <0,001***

utoantit
zodend,

T T
AIT+PD AIT HC

hyroglc
mone.

Strong Ob_] eCtionS from: Mattozzi S, et al. Neurology. 2020; 94(2):e217-e224. doi: 10.1212/WNL.0000000000008785.

Autoantibodies towards N-terminal of alpha-enolase (aNAE) revealed
in many cases of HE (60-83% by ELISA & proteome analysis [Ochi H, et
al, 2002; Fujii A, et al. 2005, Yoneda M. et al., 2007]. Brain magnetic
resonance imaging (MRI) revealed in HE patients positive for aNAE
diffuse non-specific white matter abnormalities and multiple small
subcortical limbic lesions worsened in relapses and improved after
recovery [Matsunaga W. et al., 2019].

Alpha-enolase is targeted in many other autoimmunopathies. Cross-
reactivity exists between peptides of human enzyme and enolases from
Candida & Streptococci,which already was shown to be essential for
rheumatiod arthritis. Enzyme binds plasminogen, hence idiotype-
antiidiotypic interactions with aNAE may alter coagulation, like in APS.
It is expressed in cerebral vessels and embryonic neurons. It has a close
homologue gamma-enolase expressed in neurons and paraneurons, but
also in pituitary and C-cells of thyroid, as well as in thyroid and other
cancer cells. Hence aNAE may elicit as paraneoplastic one. AAB against
alpha- and gamma-enolases cross-react with targets in autoimmune
hypophysitis (O’Dwyer DT et al., 2002]. Oncocytes or Hiirthle-
Askanazy cells (with dysplastic mitochondria) are abundant in Hashimoto
thyroiditis and co-express plenty of gamma-enolase and TPO.



AyToaHTHTeNa

Anti-aNE autoantibodies correlate positively with some manifestations
of HE as well as with levels of some pro-inflammatory cytokines
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Pathogenesis of HE: roles of other minor AAB
specificities:

AETHIOLOGICAL FACTORS AAB to dimethylargininase-1 (alDMA) were revealed in sera and CSF
e — — of some HE patients (Oide T. et al. 2004; Gini B. et al., 2008; Verhelst H.

et al., 2011]. Dimethylarginase-1 is involved in production of endothelial-
derived relaxing factor or nitric oxide, thus establishing important SMC
relax signal for functional arterial hyperemia in acting portions of brain. Its
failure may be related to regional hypoperfusion on exercises, earlier
noticed in HE.

-~ AAB to aldehydereductase 1 (alAR) also revealed both in sera and CSF
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“Practitioner is interested mostly in differences between diseases,

but pathologist — mostly in their similarities™ (Hans Selye)

The HE displays a considerable overlap with a family of autoimmune
encephalitides (both paraneoplastic and non-paraneoplastic ones) caused by
anti-receptor and anti-ion channel autoantibodies. Among the long list of
them, HE is especially close to different varieties of anti-NMDAR, anti-GABA
and anti-AMPAR disorders, sharing with them depressive and hallucinatory
symptoms and appropriate autoantibodies (towards NR1, NR2b, AMPAR2,
GABAADBR etc). Sometimes the differentiation between HE and autoimmune
paraneoplastic encephalitides is additionally hardened because focal cerebral
lymphoid infiltration in HE may produce on MRI pictures similar to that of
tumors. Among over 500 cases of HE described in medical literature so far there
are many which represent either masks of above mentiioned encephalitides, or
authentic subtypes of limbic encephalitides caused by above-mentioned
autoantibodies (e.g. aNAE). Our experience of 24 cases of AIT+psychoses (in
other words — HE) also contains 2 similar cases. One is a case of a 36-year-old
woman who was diagnosed with schizophrenia. The patient had high titers of
anti-TPO and was positive for autoantibodies towards glutamate receptors (type

NMDA). Another one is 56 y.o. women with AIT+bipolar affective disorder Case
2

positive for both anti-TPO & anti-GABA-B receptor antibodies.
Both ¢ases by Sobolevskaia PA et al. are in press in Dubai Med. J., 2021, 3(7)

and in Psychiatria Danubina, 2021, not yet published.

Case

Top: Positive stain for anti-glutamate
receptor antibodies (NMDAR type) by
immunofluorescence (arrows).

Bottom: Positive stain for GABA-B receptor
antibodie




Conclusions

In spite of almost 200 years of scientists’ efforts, still not all facets of thyroid/brain/immunity
interactions are clear, and HE remains one of the enigmatic phenomena, both for Thyroidology and
Psychiatry.

The pathogenesis of HE may include direct action of various autoantibodies on target cells within CNS,
like it occurs in autoimmune encephalitides, but also depends on indirect links, mediated via secondary
cytokine production and/or metabolic effects of autoimmunity and changes brain perfusion and function
of thyrostate servomechanisms.

Anyway, HE is a bright illustration of the statement that behavior is constructed not only by CNS, but by
immuno-neuroendocrine trinity as a whole.

It is not just a result of efforts from parents, teachers, care-takers, mass media and impact of God’s Will.
It is integral result of individual genome functioning carried out via metabolism and its immuno-
neuroendocrine regulation.

Hence all mental disorders are equally somatic ones.



Thank you for attention!
All the details and references available here:
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