
6 

The dose of tacrolimus or a close structural analogue thereof employed is less than that 

used to produce its clinical immunosuppressant effects when treating organ rejection or 

diseases such as arthritis or myasthenia gravis. 

The use of tacrolimus for the treatment purposes described herein is presently preferred 

over that of a close structural analogue. 

The mechanism by which tacrolimus or a close structural analogue provides it desirable 

effect in the present invention is not related to the mechanism by which it achieves 

immunosuppression. Indeed, use at conventional immunosuppressant doses are 

believed to be at best poorly ineffective. Tacrolimus and its close structural analogues 

have now been found to have a dose response curve with a pronounced bell shape with 

an upper cut off well below conventional immunosuppressant doses. 

Brief Summary 

€^eS0^tHJ6tufa^-aRa^©§«e-«f-a^4east-O7O§^:^§/m^=^7 

In anotherone aspect of the present disclosure, there is provided the use of tacrolimus 

or its close structural analogue in the manufacture of a medicament for the treatment of 

a disease in a human characterised by the deposition of protein aggregates in neuronal 

cells which medicament contains an amount of tacrolimus or its close structural 

analogue that when administered once per day -does not cause 

immunosuppression and which has a trough whole blood level of at least 0.05 ng/mLi 

wherein said close structural analogue of tacrolimus is a tacrolimus derivative in 

. : _ _ 1 _i Ill' 
: ^ _ M <;_ \ .• : ^ 
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\ ..r. nas been replaced by a hydrogen atom, a Ci-B p-oi.'p- a floors C:.;; alkvl 
x another C%£ alkenvl group, a hydroxy! group or a mo;'",s group, and 

wherein the disease characterised by protein aggregate deposition in neuronal 

cells is selected from the group consisting of: 

{T_T_-.; atrophic lateral soiemsis: 

(i * \ ~:S eimer's disease; 

fiii) Parkinson's disease; 

r ^ I oi IL' ^Lo_* 
(v) a synucleinopathy or tauopathv. wherein the synucleinopathv or tauopathy is 

" - _ _ " v i Vs - s^ J- . •' "« v • _ _ 

dementia, or other dementias and memory loss conditions associated with age 

related increase of neurotoxic protein aggregation and/or increased oxidative 

stress or to defect in autophaqy. 

In another aspect of the present disclosure, there is provided the use of tacrolimus or a 

close structural analogue in the manufacture of a medicament for treating a disease in a 

Human characterised by protein aggregate deposition in neuronal cells,, wherein 

tonty.iirr?ris--g»?M-B-^ase-Gtruc?turat analogue wherein the medicament contains 0.001 

mg/kg to 0.02 mg/kg of tacrolimus or its close structural analoguei 

wherein said close structural analogue of tacrolimus is a tacrolimus derivative in 

which ot > o- N o" s _ x o" \ ' been substituted by 

a Ci-„ alkvl. C?-4 alkenvl, hydroxyl or methyoxyl group, or in which the C> omoenyl 

group has 'j e;-.v^d m r m pror-on atom, a CI.R alkvl group, a rltioro CM-' alkvl 

grp-jp, another Cp..- ajkenvt oroup. £ hydroxy; o-ouo or a metbcxy' group, and 

_ • j ; _> ^ t_ _ 

cells -s acted from the group . .. . sung of: 
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is) amyotrophic lateral sclerosis; 

fii) Alzheimer's c^scse; 

(iii) Parkinson's r.. :: se; 

(iv> Huntington's disease; or 

(v . oleinopathv or tauopathy. 

c, such as Parkinson's diseas 

e synyclein.x or 

at ic 

\ :s 

itia, or 

other dementias and memory loss conditions associated with age related increase of 

neurotoxic protein aggregation and/or increased oxidative stress or to defect in 

autophagy. 

thef~asf>e€i~e£' -foe-- prBci^i u QlSCiOSUi 6, ttl6ft3 is ^ v ^% N \ 0 *' o s 

p^tein-a§§fe§ate-4ep©s+lion-^-adnTO-strat}©«H;i©t-m©fe4teR-«ee-^4ay-^aiMiTOyfrt 

iwwrevemei^f^ex+dative-
In a» n " • \i_aspect of the present disclosure, there is provided the use of 

tacrolimus or close structural analogue thereof in the manufacture of a medicament for 

the treatment of a disease in a human characterised by protein aggregate deposition in 

neuronal cells by administration not more than once per day which medicament 

contains an amount of tacrolimus or close structural analogue thereof which effects 

epigenetic modification which leads to an increase in autophagy and/or an improvement 

in oxidative stress,, 

wherein said close structural analogue of tacrolimus is a tacrolimus derivative in 

which one hydrogen atom at either of the C-m and C?i positions has been substituted by 

a Ci-j alkvl, C?.4 alkenvl, hydroxy! or methyoxvl group, or in which the C?i properivl 

group has been reoiacs- r» a hydrogen atom. : C alkvl group, a fiuo~ ? • alkvl 

group, another C?.g alkanvi group, a hyoroxv! group or a methoxvl group, and 

wherein the disease characterised by protein aggregate deposition in neuronal 

cells is selected from the group consisting of: 
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(i) amyotrophic lateral sclerosis; 

fii) Alzheimer's disease; 
zA:'K:nso;'> ~ 

(iv) Huntington's disease; or 

(v) a svnuc'.: ~^. J 2LOT _. ; ̂  wherein the synucleinopathv or tauopathv is 

a dementia, such v; 1 ._8:: -2~^2 AA2A JL ' V r x"v- A.*-.' AN —x"" A: 

or other dementias and memory loss conditions associated with age related increase of 

: A AA '2.-12 ^"'A^1 aggregation and/or increased oxidative stress or to defect in 

autophagy. 

In AAAA2AA-^'- ~ - aspect of the present disclosure, there is provided a use of a unit 

dose pharmaceutical composition containing 0.05 mg to 1.3 mg of tacrolimus or a close 

structural analogue thereof and a pharmaceutical^ acceptable carrier therefor, in the 

manufacture AAA2i\A" for use-in- the treatment of a disease in a human 

characterised by protein aggregate deposition in neuronal cells,, 

wherein said dose structural analogue of tacrolimus is a tacrolimus derivative in 

which one hydrogen atom at either of the C-m and C?i positions has been substituted by 

a_> _ V . ..A*- _..\i _ N . A_- 'A. methyoxvl group, or in which the €Ai prooenyj 

2- .A _ A.A _v.: • "i.A>.._x I 1 

A'A-A. AAN ^ AA ' • ' v: A A'.AA2AA Ll_A^A>._i A- • "A 

wherein the disease characterised by protein aggregate deposition in neuronal 

cells is selected from the group consisting of: 

(i) amyotrophic lateral sclerosis; 

J _r JAAJ '2 "x2 A 
(iii) Parkinson's d'sease; 

(jv\ Huntington's disease; or 
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(v) a synucleinopathv or tenopathy, wherQi" the synucleinopathy or tauopathy is 

a dementia, such as Parkinson'^ -''saase deme v md frontofemocral lobe dementia, 

or other dementias and memor N . conditions associated with age reiatecl increase of 

neurotoxic p'O'e XT'-" "' ; vd/or incre. ,e" s: --"s or to defect in 

- * C. • 

In anotfref-a further aspect of the present disclosure, there is provided a use of a 

unit dose orally administrate pharmaceutical composition comprising 0.05 mg to ,.-

mg of tacrolimus or a close structural analogue thereof and a pharmaceutical^ 

acceptable carrier, in the manufacture of a medicament for use-m-the treatment of a 

disease in a human characterised by the deposition of protein aggregates in neuronal 

cells,, 

wherein said close structural ^_o _^11 -Jd±"lUILrlT®'e in 

-•.'hioh one hydrogen atom at eifs-.y- o~ ;-v Cig and C::i positions has been s ' x1 by 

a Ci:4 alkvl, C?:fi alkenyi, hydroxy! or methyoxyl group, or in which the C?i propenyi 

jo; ":^re _ _ 1L ...,-.£-11 

• - " . _v A; , c, o \1 

wherein ..... characterised by protein aggregate deposition in neuronal 

G; seie ona the group •y-"<s'qyno of; 

(i) amyotrophic lateral sc ; 

_ci"' • ' v ease; 

(iii) Parkinson's disease; 

(iv) Huntington's disease; or 

• : synucleinopathv or tauopathy, wherein the synucleinopathv or tauopathy is 

^ :~.u£ s;»r z.L >- ^ -i-mentia and frontotemporal lobe dementia, 

or other dementias and memory loss conditions associated with age related increase of 

net, - *v . -is. ' •* ->• i; .. or to defect in 

,, y ~ - v. 
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The present disclosure further provides a method of treating a disease characterised by 

protein aggregate deposition in neuronal cells which comprises administering to a 

human in need thereof not more than once a day an effective amount of tacrolimus or a 

close structural analogue thereof in a dose which does not cause immunosuppression 

and which produces a trough whole blood level of tacrolimus or its close structural 
analogue of at least 0.05 ng/mL. 

Apt diseases for treatment by such a method include in particular ALS, Parkinson's 

disease, Alzheimer's disease and Huntington's disease. 
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indicated an oral dose of 0.22-0.16 mg/day for a 70 kg person with a blood level of 1-0.4 

mg/mL as particularly effective. 

In a further aspect the present invention provides a unit dose pharmaceutical 

composition containing 0.05 mg to 1.2 mg of tacrolimus or a close structural analogue 

thereof and a pharmaceutically acceptable carrier therefore for use in the treatment of a 

disease characterized by deposition of protein aggregates in neuronal cells. 

Suitably the disease may be ALS. Suitably the disease may be Parkinson's disease. 

Suitably the disease may be Alzheimer's disease. Suitably the disease may be 

Huntingdon's disease. 

The unit dose may contain not more than 0.9 mg or 0.75 mg, for example a dose of not 

more than 0.65 mg such as not more than 0.5 mg or not more than 0.45 mg of 

tacrolimus or a close structural analogue thereof, preferably tacrolimus. 

Such unit dose may be for administration as described herein, particularly for oral 

administration. 

The unit dose may contain not less than 0.05 mg, favourably not less than 0.1 mg, for 

example not less than 0.15 mg of tacrolimus or a close structural analogue thereof, 

preferably tacrolimus. 

Hence, aptly the unit dose may contain from 0.05 mg to 0.9 mg, for example from 0.1 

mg to 0.75 mg, for example from 0.15 mg to 0.6 mg or from 0.15 mg to 0.5 or 0.45 mg 
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Claims 

fo^rnJtrr*i to- r\f j-f-g f^lr\€y^ o-fri tfvfrt fro! HP* rvf <%f jp^of f) nfl/fTl! XTXCTf^lTr^lvwwv OTn3X7IXJlXf~4.1 s1 OTIvOwT^CHTX/w*nV4TTTTCT 

21. The use of tacrolimus or its close structural analogue in the manufacture of a 
medicament for the treatment of a disease ^ r . ,r: ,~i characterised by the deposition of 
protein aggregates in neuronal cells which medicament contains an amount of tacrolimus or 
its close structural analogue that when administered once per day dose-does not cause 
immunosuppression and which has a trough whole blood level of at least 0.05 ng/mLx 

wherein said close structural analogue of tacrolimus is a tacrolimus derivative in 

which one hydrogen atom at either of the Cig and Ggi positions has been substituted by a €i: 
4 alkvl. C?.4 alkenvl. hydroxy! or methyoxvl group, or in which the Crj propenvi group has 

been replaced by nvvtyf atom, a Ci_fi alky! group, a fluoro C-ug alkvl group, another C?.R 

alkenvl group, a hydroxy I group or a methoxyl group, and 

wherein the disease characterised by protein aggregate deposition in neuronal cells 

is selected from the group consisting of: 

(i) amyotrophic lateral sclerosis: 

(ii) Alzheimer's disease: 

(iii) Parkinson's disease: 

(iv) Huntington's disease; or 

£ s\ nuoleinopathy or tauopathy, wherein the synucleinopathv or tauopathy is a 

dementia, such as Parkinson's disease dementia and frontotemporal lobe dementia, 

or other dementias and memory loss conditions associated with age related Increase 

of neurotoxic protein aggregation and/or increased oxidative stress or to defect in 

autophagy. 

32. The A-cemeowd ter-yee-er-use o; a Gomeouft4 • as claimed in claim 1 ~wherein 
the trough whole blood level is at least 0.075 ng/mL, at least 0.2 ng/mL or at least 0.3 ng/mL, 
and/or wherein the trough whole blood level is less than 1.2 ng/mL, less than 1.1 ng/mL or 

less than 1.0 ng/mL. 

43. jjTe_A-mmpeyF>d-4eFtise--G? use « -- "i as claimed in any-e? claims 1 or 2 te 

3 which employs tacrolimus. 
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stw^iiral -awatogoe is ad «* c* 

§4. The use of tacrolimus or a close structural analogue in the manufacture of a medicament for 
treating a disease :j : : , characterised by protein aggregate deposition in neuronal cells. 
wtwfein4asFoltm«s-«f-te-€lo-8e-6'tmetural--aoate§«e--wherein the medicament contains 0.001 mg/kg to 
0.02 mg/kg of tacrolimus or its close structural analogue,, 

wherein said close structural analogue of tacrolimus is a tacrolimus derivative in which one 

hydrogen atom at either of the Ci« and C?i positions has been »\\\-:: ^ r " v_C . '.\o"y 

hydroxyl or methyoxvl group, or in which the C? 1 propenvl group has been replaced by a hydrogen 

atom, a CI_R alkvl group, a fluoro Ci^ alkvl group, another C?.K alkenvl group, a hydroxy! group or a 

methoxvl group, and 

wherein the disease characterised by protein aggregate deposition in neuronal cells is 

selected from the group consisting of: 

I'll amyotrophic lateral sclerosis; 

(ii) Alzheimer's disease: 

(iii) Parkinson's disease; 

(iv) Huntington's disease; or 

(v) a synucleinopathv or tauopathy. wherein the synucleinopathv or tauopathy is a dementia, 

such as Parkinson's disease dementia and frontotemporal lobe dementia, or other dementias and 

memory loss conditions associated with age related increase of net • c\protein aggregation and/or 

increased oxidative stress or to defect in autophagy. 

| ?§. I he A compound for use or use ^-a-seFfHJSwe-as claimed in claim 3_4-©F-§-which employs 
25 0.001 mg/kg to 0.02 mg/kg. 
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§6. The A compound for use or use * claimed in 4 or 5 t&~?~which 
employs not more than 0.013 mg/kg, not more than 0.01 mg/kg, 0.0085 mg/kg or 0.007 mg/kg, and/or 
which employs more than 0.0014 mg/kg or 0.002 mg/kg. 

87. The Ar-Gempeuf^QfHjse-er-use ©f-a-Gom-petmd-as claimed in any of claims 4 to 654e~§ which 
employs 0.0014 mg/kg to 0.0085 mg/kg or 0.002 mg/kg to 0.007 mg/kg. 

| 408. The A compound for use or use of a compound as claimed in any of claims 4 to 7S4&-8 which 
35 employs tacrolimus. 

40 

44-. Tacrolimus < ' >se sfructural 

wnprovement-ifr-oxidative^lr-ess; 



429. The use of tacrolimus or close structural analogue thereof in the manufacture of a 
medicament for the treatment of a disease in a human characterised by protein aggregate 
deposition in neuronal cells by administration not more than once per day which medicament 
contains an amount of tacrolimus or close structural analogue thereof which effects 
epigenetic modification which leads to an increase in autophagy and/or an improvement in 
oxidative stress.. 

wherein said close structural analogue of tacrolimus is a tacrolimus derivative in 

which one hydrogen atom si either of the Ci? and positions has been substituted fay a 

A alkvi, C?_4 alkenvl. hydroxy! or msthvcxyi a roue. Q" in which the Cgi property! group has 

been . *• * cc • atom, a Ci-g alkyl group, a fluoro Ci:g alkvl group, another C?..R 

• i > _ ^ nd 

wherein the disease characterised by protein aggregate deposition in neuronal cells 

is selected from the group consisting of: 

(I) amyotrophic lateral sclerosis: 

(ii) Alzheimer's disease: 

(iii) Parkinson's disease; 

(Iv) Huntington's disease; or 

xij-r :i «> c c.. - . _ __. ___ ^ 

dementia, such as Parkinson's disease dementia and frontotemporal lobe dementia, or other 

dementias and memory loss conditions associated with age related increase of neurotoxic 

protein aggregation and/or increased oxidative stress or to defect in autophagy. 

4S10. The A compound for use or use 9^-compoun^-as claimed in claim 911 or 12 which 
employs tacrolimus. 

4411. Use o: a ~ -unit dose pharmaceutical composition containing 0.05 mg to 1.3 mg of 
tacrolimus or a close structural analogue thereof and a pharmaceutical^ acceptable carrier 
therefor, in the manufacture of medicament for use-lrv the treatment of a disease in a 
human characterised by protein aggregate deposition in neuronal cells, 

wherein said close structural analogue of tacrolimus is a tacrolimus derivative in 

which one hydrogen atom at either of the Ci« and Cgi positions has been substituted by a Ci_ 

a alkyl, C?-i alkenvl, hydroxyl or methyoxyl group, or in which the C?i propenyl group has 

beer, reniaoerf bv a hvdroogr a C,^ e!kv: "roi:?- a C.-> alkvl arc us. anothe" C 

! : v<_c ; _ -- - - > ^ •_ -,r a methoxyl group, and 



wier-sin ths n-.annetsriged by protein aggregate dep?sit»cn i;" neurons* ce!:~. 

is selected from the group consisting •?*: 

(i) amyotrophic lateral sclerosis; 

(ii) Alzheimer's disease; 

(iii) Parkinson's disease; 

(iv) Huntington's disease; or 

(v) a synucleinopathv or tauopathy, wherein the synucleinopathv or tauopathy is a 

dementia, such as Parkinson's disease dementia and frontotemporal lobe dementia, or other 

dementias and memory loss conditions associated with age related increase of neurotoxic 

protein aggregation and/or increased oxidative stress or to defect in autophagy. 

4-§12. The use A-^jf#-4^6H&tomaee«tiea}--soffmQ6itiQfl-as claimed in claim jj.14 which 
does not contain more than 1.2 mg, 0.75 mg, 0.6 mg or 0.4 mg of tacrolimus or a close 
structural analogue thereof, and/or which comprises not less than 0.06, 0.1 or 0.15 mg. 

The use AHjflft-^'Se-&twffiase«tfeai---s8mpe-&it:iQ-Ft--as claimed in claim 11 or 123-4-eF 

4-§~. wherein said medicament is adapted for administration by mouth. 

^-rj4. l>!e_usejX^3FaBatiFi4-eFptemia€etifeal-€€m:ipesi#efrfeF4*se1Hi6e^a-€iempQtifl4-eF 

20 phafmaGeufeai eomf>'.")stttGFt as claimed in any of claims 1 to 134€-fef-tfse where the disease 
is amyotrophic lateral sclerosis, Alzheimer's disease, Parkinson's disease, Huntingdon's 
disease, synucleinopathy or tauopathy. 
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-: Tne use A-soffiJU' 

©f^afma€0rtlea^6©m-p©-sil+SFi-as claimed in claim 47-14, which is a dementia, such as 
Parkinson's disease dementia and frontotemporal lobe dementia, or other dementias and 
memory loss conditions associated with eye-age related increase of neurotoxic protein 

5 aggregation and/or increased oxidative stress or to defect in autophagy. 

4916. The use A-Geropewd-feF-^jse-ep-etetfrme^triteaj-eomgesttieff-j^^ 

sempesttten-as claimed in claim ^ which 
employs tacrolimus. 

10 
2017. Use of a A unit dose orally administrable pharmaceutical composition comprising 0.05 
mg to 1.3443- mg of tacrolimus or a close structural analogue thereof and a pharmaceutical^ 
acceptable carrier, in the manufacture of a medicament for use-m the treatment of a disease 
in a human characterised by the deposition of protein aggregates in neuronal cells^ 

15 urotein sstb close o~ tis'T^insrr- is a tacrolimus derivative in 

which one hydrogen atom at either of the Cis and C?i positions has been substituted by a €i. 

A alkvl. C?..4 alkenvl, hydroxyl or methyoxyl group, or in which the C?i propenyl group has 

been o, „ 4 ^ _ _ s_ J. ^ _._s_ • " ) Ci^ alkyl group, another 

alkenvl group, a hydroxyl group or a methoxyl group, and 

20 wherein the disease characterised by protein aggregate deposition in neuronal cells 

is selected from the group consisting of: 

(i) amyotrophic lateral sclerosis; 

(ii) Alzheimer's disease; 

(iii) Parkinson's disease; 

25 (iv) Huntington's disease: or 

(vY a synucleinopathv or tauopathy, wherein the synucleinopathv or tauopathy is a 

dementia, such as Parkinson's disease dementia and frontotemporal lobe dementia, or other 

dementias and memory loss conditions associated with age related increase of neurotoxic 

?>'otein aggregation and/or increased oxidative stress or to defect in autophagy. 

30 

2418. The A-wtit -dose for use as claimed in claim 2017 wherein the disease is ALS, 

Parkinson's disease, Alzheimer's disease, Huntingdon's disease. 

35 dose whish comprises tacrolimus. 
claimed in claim: '-7 or 182&~SF~24. wherein the unit 
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2320- The A-^t <iose-lor use as claimed in claims 17 to 192048-422, wherein the unit dose 

whiok-comprises not more than 0.9 mg, 0.75 mg, 0.65 mg or not more than 0.5 mg or not 
more than 0.45 mg of tacrolimus. 

2421. The A-w#-4ese-feF-use as claimed in any of claims 20 N _ : * _ _ __ • 

dose-^vh-ieh comprises not less than 0.05 mg, not less than 0.1 mg or not less than 0.15 mg 
of tacrolimus or close structural analogue thereof. 

2-522. The A-w#4ese-fef-use as claimed in any of claims 17 to 213fi4e-24. wherein the unit 

10 dose is in the form of a tablet or capsule. 




