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and Their Uses

Field of the”;nventign

The present invention relates to amcrphous magnesium-substituted

o

n

calcium phosphate composlitions and thelr medical uses, and more
particularly to amorphous magnesium-substituted calcium phosphate
compositions for use in delivering cargo materials, such az cargo
molecules or cargo nancparticles containsd in pores of tThe

ik amorphous magnesium~substituted calcium phosphate te cells of the
1

immune system.  In further aspects, © prezent iavention re

to nevel thervapeutic approaches for ¢ treatment of inflammatory

immune

bowel dissases, and in particular Crohn’s dissase, auto

dizcases, srgy and for therapeutic vaccinaticon, and the
15 amorphous magnesiuam-substituted caloium phosphate conpositions

for use in diagnosis.

Background of the Invention

Talcium phoesphate 1z the name given to & family of minerals
20 containing calcium ions {Ca®™), toegether with orthophosphatas

(P04}, metaphosphates or pyrophosphates (P:0:7) and hydrogen or
hydroxide ilons. One of the naturally ccourring forms of calcium
rhosphate present in bones and tooth enamel 1s biclogical

hyvdro

vapatite {(HAY which has the approximate formula
25 Ca: {FCH - (OH) , usually written Cawg(PD:}{CH}>. In the biological

field, synthstic crystalline hydroxyvapatite is used in tissus

enginsering, primarily as a filler matsrial for repairing bones

and teeth. Nancparticles of hydrozyapatlite have also besn

proposed as carrisys for drugs and have been emploved in imaging

20 technigues.

Y}

Hydroxyapatite can be prepared in a precipitation reacticn of
caleium and dibasic phosphate salts in neutral or basic scluticon

and has as its final product crystalliine hydroxyapatite,

Lad
(4

However, during precipltation, a structurally and chemically
distinct precursor phass 1s formsd which is amcrphous to X-ray

diffraction, known as amorphous calcium phosphate (AIP).

1
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Chemical analysis of the precurscr phase indicates this non
cryvstalline phase iz a hydrated calecium phosphate. As with cother
amorphous materials, several formulas have besen proposed for ACP,

such a3 CTas {FCi)s.

boen used as carriers for bilomo

Hydroxyapat

particular for DHA transfection, drug delivery, and in

crthopaedics and dentistry. By way of example, Chowdhury et al.

have investigated delivery of DNA to mammalian cells in culture

v pracipitating DNA with calcium phosphate in the form of

crystalline hydroxvapatite (ses Gene, 341 77-82, 2004; 7.
Contrelled Releass, 116{2}): =08-26%, 2006; Analytical

N
o

Biochemistry, 328: $6-97, 200 USs 2007/00773068Y.  These
experiments includsed using Mg?' as an agent to inhibit the growth
of particles of precipitated hydreozvapatite and DNA to avoid a
loss of transfecticn efficiency associated with an increase in
particle size. However, while Mg’ was incorporated into the
apatite particles precipitated with DNA, the particles remained
crystalline. Dasgupta st al. reporitad the uss of Zn~ and Mg-
doped hydroxyapatite nancparticles as controlled release carrisrs

for boving serum albumin {(Langmulr, 26({7): 4953-4944,

Howsver, as with the studies reported by Chowdhury

doped hvdroxvapatite materials produced retained a clear degrae

of crystallinity in commoen with unmodified hydroxyapatite.

During synthesis, ACP rapidly converts {in the pressnce of watser)
to microcrystalline hydroxvapatite and the lifetims of thse
metastable ACP in aguecus solution has bsen reporied to be a
function of the pressoce of cgaritain macromolecules and
interfering iens, pH, viscosity, ionic strangth and tempsrature.
Bosksy & Pousper (1973, 1974} studied the kinetics of the

nversion and found that substitution of Ca ions in ACPE by Mg
lons leads to greater stability of the amorphous state, lsssening
its tendency to convert through to mors crystalline phasses such

as hydroxyapatite. They showed thalt at a ratio of at least 1:23

{(My:Ca), an amcrphous magnesium calcium pheoaphats phase is

produced that, as a dry powder, ing stable over Tims.

)
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While the synthesis of ACP has besn reportsed, only very limited
.

applications of this material have been proposed in the fieslds of

del

stry and Tissus snginsering a atructural material for use

w
]

in repalring bones and teeth and as a scaffeld for tisszue
enginsering. By way of example, Zhao et al. (Chemistry Central
Journal, 5: 40-47, 2011} describe the use of amorphous caloium
phosphate in dentistry as a composite for re-mineralising and
repairing teeth. They report that in the presence of other icns
and under in vive conditions, ACP may persist for appreciable
periods due to kinetic stabilization in the presence of Mg®, o,
carkbonate, pyrophosphate, diphesphonates, or polyphosphorviated
metabolites or nucleotides, preventing the Transformatiocn of
syanthetic ACP to hydrozyapatite., Li & Wenyg (J. Mater. 3c¢i.:
Mater. Med., 18: 2303-2308, 2007) reported the zvnthssis of
amorphous calcium phosphates (ACP) and wers using polviethylene
glycol) as stabilizing additive at low temperaturs. They found
that ACP could ke stabilized by polyvi{ethyviene glycell in the

mother solution for more than 18 hours at 5°C with 4 w.t.%

solv{ethylene glyooly in ACPE powdsars and suggested that ACE might
g P g L pat s

be used as bicdegradable scaffold for tissue engineering.

Pever’s patches are lymphoid follicles that perform critical
immune sensing and survelllance functions in the gastrointestinal
tract. The reglon beneath the Pever’s patch spithelium is
referred to as ths sub-epithelial doms (3ED) and is enriched with
antigen presenting cells. Whole bacteria and zimilar sized
microparticles of the gut lumen can be directly phagocytosed by
specialised SED dendritic cells which migrate uapwards and extend
dendrites through the follicle asszocliated epithelium. For ths

surveillance of socluble molecules and smallery particles the

epithelium contains distinctive microfeld (M) cells that appsar
to sampls the lumen directly and transport the sampled material

o underlying immune cell

o

. Exactly how this occurs and how

antigen, for sxample, is not degradsd an routs is not understood.

7

5

It is also unclear why Peyver’s patch M cells avidly sample non-
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bicloegical nanoparticles of ~20-250 om diameter from the gut

lumen. Nonetheless that it occcurs is well demonstratned in
cellular and animal modeis and also for humans with normal day-
to-day szposure to nanoparticles from processed foods,

L pharmacsuticals and toothpaste.

Summary of the Invention

present invention is pased on the inventors’ in

n

ight
from the sxperiments disclcsed hereiln that the most abundant non-

10 biclogical particle of the mammalian gastrointestinal lumen is
czlcium phosphate, in the form of amcrphous calcium phosphate

nanoparticles. Both Ca™ and PO ions are actively secreted into

the distal bowel lumsn where calcium phosphate super-satura
and thus precipitates. The zescretion of calcium by the gut is

15 often referred to as endogenosus lczses, but why this should occur
is not known az it contributes little to the homeostasis of
caicium, the excreticn of which iz wmediated through urine. The
present invention is fTurther based on the inventors’ findings
that in the gastrointestinal tract, calclium lons and phosphate

20 ions precipitate and form nanoparticlss and small microparticles
that trap crganic meleculss preszent in the lumen for delivery to
gut mucesal immune cells in Pever’s patches and to the nssanteric
Iymph nodes. Without wishing to be bound by any particular

23 Lo

thecry, the present inventors bhelieve that this contribut

25 gut immuncsurveillance of antigens and other moleculses that are
in the leocal envircnment, providing a mechanism by which the
antigens and other molscules are presented to or sesn by the

Pl

immune syshen. The studies disclosad herein demonstra

this occurs naturally for bacterial peptidoglvean in experiments

3G in which sections of murine and human intestinal tissus were ussed
for detecting the presence of calcium phosphate nanoparticles and
the presence of psptidoglyean, together, in specialist gut immins
cella. This is also confirmed by showing in mice that crally fed
protein antigern, namely ovalbumin, follows this pathwavy.

35

Wnilst it has been widsly proposed that microparticulate, that is

sized or at least of a typilcal microbs
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size, calclum phosphate may form and have function in the

intestinal tract, the present invention concerns smaller

1]

amcrphous particises. The presant inventors have further shown
that the endogsnously produced calcium phosphate nancparticles
comprise an amorphous caiclum phosphate phase typically 7% nm to
159 nm in diaméte:, aibeit as small as 5 nm and az large as 250

nm, and that they have extenszive poroszity by electron microscopy.

2

The porosity i3 typically 1-2 nm in diameter and 1z proposed to
A A5 g by Iy
be in part or whole due to incorporation of crganic molecules

that cannot be imaged by electron microscopy.

The present inventors realilsed that the uptake of endogenous
small nanoparticles by immuns cells in the gastrointestinal tract
means that synthetic mimetics of endogencus nanoparticles might
be developed which are capabls of transporting carge material,
such as carge melecules or nancoparticless, for uptake by celis in

a manner analogous toe the endogencusly produced nanoyg

Acocordingly, in one aspech, the present
: RaNd
synthetic mimetics of the small endogencus amorphous ca

ohoesphate nanoparticles and thelr ussas, 1in particular for

rapping and delivering blologlcally active carge materials, such
as cargoe molecules and/or nancoparticles, for use in both
therapeutic and diagnostic applications. Accordingly, in this
aspect, the present inventicon relatezs to a composition comprising
amorphous magnesium-substituted calcium phosphate (AMCP), wherein
the amorphous magnesivm-substitutaed calcium phosphate entraps a
biologically active carge material for delivery to a site of
interest. In a related aspect, the present invention provides
amorphous magnesiun-substituted calcium phosphate compositions
for use in delivering cargo materials, wherein the amorphous
magnesium-substituted calclum phosphats entraps a cargoe material

Lon

for use in therapy. In a related aspect, the present invent
providas amorphous magnesium-substituted calcilum phoaphats

compozitions for use in delivering cargoe materials, wherein the

amorphous magnezium~subkstituted calclum phosphate entraps a cargo
material for use in a method of disgnosis using the cargo

material and related methods.
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In a related aspsct, ths

composition for use in a

condition by delivering
the gazstrointsstinal
amcrphous magnes
entraps the biclegically
the ca srial to be

rogo mat

gastrointastinal tracth.
In & further azpect, the
treating or preventing a
active cargo material Lo

compriszing administering

tract;

ium~aubstituted

PCT/GB2014/053291

pregsent invention provides &

method of treating or preventing a

plologically active cargo material to

whereln the composition comprises

5

caloium phosphate (AMCP} which

active cargo matsrial, thersby enabling

gelivered to a site of intersst in the

present invention provides a method of

condition by delivering a biologically

the gastrcintestinal tract, the meihod

to a subject in need of treatment a

composition comprising amorphous magnesivm-substituted calcium

.\

phosphate [AMCE)

matarial, thersby

o oo

zite of interest

3

I a further
compositicn for
inflammatory bowel

by ds

dizmeasea, ivering a

the gastrointestinal

amorphous madg
entraps the bicleogically

rial to be

the cargoe u

gastrointestinal tracth.
Inn & further aspect, the

composition for uss in a

autclrmune dizsease,
material to
comprises amorphous

(BMOPY which entraps the

thereby enabling the

interest

whtich entraps the biologically active
snakbling the
in the

traoc

asium-substituted calcium phosphate (AMCP)

the gastrointestinal

magnes lum-sub

arge material to

in the gastrointestinal

cargo

cargoe material to be delivered to

gastrointestinal tract.

present invention provides &

methoed of treating or preventing

such as Crohn’s disease or coslliag

biclogically active carge material to

f, wherein the composition comprisaes

which

active carge material, thereby senabling

delivered te a site of interest in the

present invention provides a

method of treating or preventing an

by delivering a bilologically active cargo

tract, wherein the composition

stituted calcium phosphate
Biclogically active cargo material,
deliversed to a site of

Qe

tract. Examplss of auboimmune

)]
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inciude multiple sclerosis, coeliac diseass, type 1

and Systemic Lupus Bryvthem is {8LE}.
Iin a further aspect, thes preasent invantion providss a
composition for use in a msthod of treating or preventing allergy

v delivering a biologically active cargo material to the

ry

gastrointestinal tract, wherein the compesition comprises
anorphous magnesium-substituted calcium phozsphate [(AMCP) which

sntraps the biologically active carge material, thereby enabling

ial To bhe delivered te & site of intersst in the

tinal tract.

In a further aspesct, the pressnt invention provides a
composition for ussa in a method of treating or prevanting cancer
by delivering a biologically active carge material to the
gastrointestinal tracht, wherain the compozition compriszes
amorphous magnesium-substituted calcium phosphate (8MCE) which
entraps the biologically active cargo material, therveby gnabling
the cargo mabterial to be delivered to a zite of interest in the
gastrointestinal tract. Examples of medical uses of the present

+

R4

K]

invention relating to the treatment or prevention of cancsr,

example Myeloild Leukasmia, such as Chronico Myslogenous Leukaemia
(CML) , Acute Lymphoblastic Leukasmia and Acute Myelogenous

‘d

Leukaemia (AML) .

In a further azpect, the present invention provides a method of
delivering a bioclogically active cargo material to a cosll, ths

-
g

method comprising contacting the cell with a composition

comprizing the hiologically a:
amorphous magnesium~-substituted calcium.phosphate {AMIPY =zo that
the composition disperses to form nancparticles that are capable

of peing taken up by the cells, thersby delivering the

crial to the cell.

active cargo ma

In 3 furthey aspect, the present invention prowvides a procssz for

producing amorphous magnesium-substituted calcoium phosphate

3
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compositions that contain entrapped biclogically active cargo
material, the procsssz comprising:

{a) providing a solution comprising calcium ions {Ca%),
magnesium ions {(Mg?') and a solution comprising phosphate ions

{P0Os%7"}, whereln one cor both of the solutions comprise one or more

(O3]

bicologically active carge materials:

(b} mizing the solution comprising calceium ions (Ga?hy,
magnesium i0ns {Mg”}with the soluticn comprizing phosphate ions
[FOZ7) to pr pitate amorphous magnesiuvm-substituted calcium

10 phozphate in which the kioclogically active cargo materials are
crappad;

{c) recovering the amorphous magnesium-substituted calolium
rhoaphats: and

(d} opticnally washing and drying the amorphous magnesium-

15 sibs

tuted calcium phosphate.

The presenlt inventors have found that after synthssis, the
amorphous magnesium-substitured calcocium phosphate comprise

aggregated nanoparticles that are capable of dispersing to

par}

20 deliver the biclceglcally achive cargs molacule to the site of

interest, This has the advantage that the materials form
nanoparticles in blological envirconments for the delivery of the
cargo, whillie being sgasy to purify and procsss after svathesis.
Advantageously, the amcrphous magonesium-substituted caloium
25 phosphate compositions disperse efficiently in agusous
environments in the presence of protein, adapting them to
delivery of the carge material in in vive settings.
In some applications, the present invsntcors found that the
340 amorphous magnesium-substituted caloium phosphate compositions of
the present invention have the significant advantage that they

v

i
(&

a zilent delivery platform that does not causse an adiuvant
and/or a direct transcriptilonal response Lo the nanoparticles at

Py

the site ¢of int

rast.  For example, cslls that havs up and

nse that diffears

W
5
ye]
ol
O

rgsed the nancparticles do not have

)]
™
q
UJ

e
zubstantially to the response to the biglogically active cargo

material alone and/or to unchallenged control cells.
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Accordingly, in some instances, the amorphous magnesium-
substituted calcium phosphate nanoparticles ars silent in ths
sanse of not nmodulating a direct transcriptional responss that

differs betwesn cells challenged with the nanoparticles and

o

unchallenged control cslils, preferably as assessed within 3 hours

of expesure to the amorphous magnesium- ule*"fifﬁd calcium

phosphate nancparticles. This may be determined in an experiment

based on Figure 10 in which it was shown that this covrelation in

Ea

i the direct trans

9]

ripticnal response of genes te the synthetic
AMCE compared to novmal cells preferably falls within a rangs of

two~fold up and two~fold down regulation.

This feature distingulshes the compositions of the present

5 invention from prior art delivery systems where the material from
which the delivery agent is formed produces an adiuvant response
in addition o the rezponss caused by a delivered antigen. In
some embodiments, the amorphous magnesium-substituted caloium
whosphate compositions of the pressnt invention can be used Lo

20 varget delivery of the cargo melectulies to cell types that
oraferentialliy take up the nancoparticliezs. By way of
iliustration, this incliudes cells in the gastreointestinal trac

such as ths antigen presenting immune cells of intestinal

lymphoid follicles. The cell types that preferentially take up
25 the nanoparticles incliude antigen presenting B cel
v L -~
especially dendritic cells and macrophages, such as CDIlb and

Chiic positive cells.

Alternatively or additicnally, the present inventors further

30 found that the amorphous magnesium-substituted calcium phosphate
compositions of the present invention have the significant
advantags that the compositions are stabilised in an amcrphous
phase by the magnesium lons and/or the bioclogically active cargo

material. In this connection, in ths field of inorganic

35 chemistry, 1t has been recognised that substitution of
in ACP by Mg® ions leads to greater stability of the amorphous
N = 2 b

state, lessening its tendsncy to convert through to more
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crystalline phases. RBoskey & Posner (18732, 1274} showed that at
a yratio of at 1sast 1:25 (Mg: Ca), an amorphous Mg Ca PG, phase

could be produced which, as a dry powder, remains stable over

Y

time. However, the present inventors recognised for the firs
time that during its synthesis, awmorphous calcium phosphate
ekl

stabilized by magnesium ions {AMCP} iz especially useful to trap

wide range of cargo materials, including cargo molecules, such

&

as protelin antigens, bioactive cyicokines, peptidoglycans, low
moiscular welght organic molecules, and cargo nancpariicles, such

. This in turn opsns up & range of

as incrganic nanoparili:

different applications the amorphous magnesium-substitutaed
calcium phosphate compositicns of the present invention.

Specific examples of <carge molescules include, but ars net limited
to, muramyl dipeptids (MDP), lipopolysaccharides (LPE),
pelvinosinic: polvovtidyvlic acid {Poly I:C) and retincic acid

{RAG .

In addition, the present inventors found that the synthetric

rprocesses of the present invention may bs used to form amorphous
magnasivm-substituted calcolum phosphate compositions (Mg, Ca, PO4)

i

in which the cargoe molecules assoclated with the co

at least partlally incorporated within the material, rather than
zimply being bound to the surface of particles. This meansz that
the amorphous magnesium-substituted calcium phosphate composition

70 material te some extent giving the

templates arcund the

pearvance of the formation of porous materials overall., In
other words, by co-precipitating the amorphous magnesium-

upstituted calclium phosphate compositions in the pressance of

@

3

other cargo materials, 1lsads to at least soms of thess othar
cargo materials becoming entrapped in the material during ths

synthesls, Advantageously, this may betier protect the cargo en

route te the target ceil in vivo compared to iLf the cargoe wars

oniy adsorbed toe the surface.

Moreover, the present invention demeonsitrates that amorphous

magnesium-substituted calolum phosphate compositicns of the

pregsent invention are capable of dispersing to form nanoparticles

i
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contalning cargoe materials that are amenablse to uptake by osils,
leading to the relsase of the cargo materials upon cellular
digestion, and conssqguently providing a typical cellular rasponse
te the carge material. For sxample, bacterial peptidoglyean may
5 be trapped by amorphous magnesziuvm-substituted calcium phosphate
ceompositions and, when delivered te cells, will yvield ths
producticn of cyitokines {(IL-10; IL-T; TRFa stc.) typical of
bacterial peptidoglvean. As stated above, the prassnh invenhors
surprisingly found that the particle-smbedded cargo faithfully
10 recapitulateszs the cellular signals derived from ths cargoe alons,
i.e. there 1s no attenuation of signalling in either direction.

Advantagecusly, the amorphous magnesium-substituoted calcium

phosphate nanoparticles are neon~toxic and safe for uptake by

o

It is generally recogniged in the art that amorphous

5 are safer for ceils than crystallins particlass. Cel

are exposed to and take up the nanoparticles of the present
invention do not die, unliike with protractsd exposure to the

calcium phosphate hydroxyvapatite, for example.

(e Xa)

S
Morecover, the amorphous magnesium-substituted calcilum phosphate
compositions of the present invantlion may be used to co-deliver

9

two or mors different cargo material. or example,

descr

herein have shown that 1f peptidoglivcean and

experiments
25 antigen are both present, then the ensuing T cell responsse to the
antigen 1z significantly reduced due to IL-10 being secreted dus

to the presence of the peptidogivean.

In a further aspsct, the prassnt inventicn iz bassd on the

30 chzervaticn that the cells that endogencus amorphous calicium
phosphate nanoparticles are assoclated with in the gut show
reduced sxpression c¢r ths absence of the protein programmed death
ligand one (PD-L1) in Crohn’s disease, that is otherwise pressent

in the cecrresponding healthy cells. PD-L1 is 2 tolerance—

Lo
un

inducing molecule which implies that the cause of the dizease may
be related to the failure of these cells Lo sxpress PB-LL.

Aecordingly, in this aspect, the present invention provides an

11
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agent for

such as Crohn’s diseass,

{a) up-regulating the expression

Li protein; or (¢}

{d} otherwise activating FO-L1 on zome

of the intestinal lymphoid follicles. In

invention provides a pharmacsutical

guch an agent,

cargo material within an amorphous

phosphate mat

In a further aspect,

capabie of prometing PD-L1 exprezsicon

immune cells of Intestinal lymphold fellicle

of treating Crchrn’z dizease.

Frbodiments ¢of the present invention

of sxample and not limitation with
However warious furither aspects

invention will bes apparent toe thoss

the pres=zn losure,

hersin is

ified

“and/or” whers
of the features or

For exampls “A and/or BY

LY

specific disclosure of each of
u

if each is zet

Unlass

defin

othearwise, the des

contex

above

res sst out

particular aspect or embodiment of the

egually to all aspects and embodiments

Brief Description of the Figures

Figure 1. STEM

a- High angle annular dark-field STEM image

iz

use in a method of treating inflammatory bow
wherein the agent ha

of PL-LL: or
inhibitving repression of PD
antigen presenting
related aszpects,

compositicon

magnasivm-zubstituted

erial of the present invention.

the present invention provides an

in ant

will now

and embodiments of

componaents
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particle clusters (Scale bar 20 m) and b~ sexample elemental

composition by energy dispersive X-ray microanalysis., a-e- A

¥

Ty

series of orthoslices of a synthetic AMCE particls {Scals bar 20

nm) revealing 3 dstailed inner structure (£~-1) from the

reconstructed volume {f) by means of several crithoslices through
the XY plan and (g~1) transparvency views through the YZ, ¥Z and
XY orientations, respectively.

Figure 2. A. Transmission slectron microscopy and B. 3D
tomography raconstruction of AMCP particles formed in the
presence of iron oxide nanoparticlas {see Hxample B} and showing
how some are trapped within the AMCP as shown in C-D. E %
incorpeoration of BEA and Py in AMIP particles as preparsd in
examples 2 and 3.

Figure 3. A, ICP-CES analysis of Ca and P elements present in

]

and after dilution in tissus

AMIP particles following synbthesi

-T.lz

culture medium, B Sizs distribution of AMCP particles preparsd as
in Examples 2 and 4 (after re-suspension and dilution in tissue
culture medium) and analvsed by nanotacking analvsis (NTA} using

<

the nanosight,

Figure 4. A. Mean percentage of dual Calcsin high CDIOTs ¥

by

Cold+ APC within PBMC after 2 h incubation with AMCP/BSA and
AMCP/BSA/Pg as measured by flow cytometric imaging {n = 43, B,
Fepresentative images of CLl4+ cells showing internalized
particles {Calcosint) and particle co-locallisation with the

ivsoscmal marker CDId7a measured by Tlow cvbtometric imaging {dat:

Eu

from FPEMC of 1 hsalthy control is shown). B.S8ignal log ratios

Tor AMCR/BIA/sPg ve. control were plottad on the y-axis,

‘or 8Py vs. control were plotted on the x-axis. Rach dot
represents a single gene. The curve of perfect correlation was

averlayed on the data and borders corresponding to linear 2-fold

up~-/down~reguiation {traditionally the minimum fold change

>

reguired o indicate a potential “difference’; calculated by

adding +1 or -1 to each point of the line of perfect correlation.

fomi
(€8]
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’,,‘ P

Figure 5: Dual Carriags of Lipopelysaccharide {LPS) and T cell
antigen PRD inhibkbits PED antigen specific CDE+ T cell
proliferation Top ieft: Ezample flow plots showing CDI+HCD324
dividing cells (CFSE low) in a CPSE preoliferation assay; cells

5 within a live lymphooyte gate were gated for D4 and plotted D3
versus CFRE, Top Right: Proliferation of CDE4+CDE+ T cells in

T

[n

asponse to scluble and particulate PED

[

PEMC at dayv b

-LPE combination Average data from &% FPD

antigen/antigan

,..j

rasponders 15 shown. CUD4+ID3+ CFSE low cells PRMIC

N

10 population in response to stimulation displaved asz stimulation
indices. PBottom: Further COFSE CD44CD3+ 7 cell preliferation T

cell assays with FD-L1 and IL-10R bilocking. Avsrage data from o

'y
P

PPD respondsrs 15 shown. ALl Proiiferation assays a PED

response was considered significant if the proliferating fraction

%

) was 2% or more and had a stimulation indesx of 4 or above.

Figure 8. IL-1 $ secreition from FBEMC that were fivsit pre-
stimulated with LPS for 3 nours (10 ng/ml, striped columns), or
without (sclid columns), to induce pro-ILIR and thaen further

20 incubated {3 hoursy with a negative control {(i.e. tissue culture
medium), AMIP/RBSA {(A-B), sPg and AMUP/RSA//sPg{l-D}.
Figure 7. IL-1p (&) and IL-10 (B} responsses in PBMC that wars
stimulated with or without LPS (3 hours; 10 ng/ml) and then

25 challienged with and AMCP/B3A/z2Pg for another 3 hours (n=2).

Supernatants were analysed after 3 hours challengs and with an

g

additiocnal chass of 21 hours.

Figura 8. Confocal micrographs of Pever’s patch intestinal cells

)
<o

in health [(A; grey; and Crohn’s dissaze (8; blue) showing
internalised AMCP {green) and induced or lack of PD-L1 (red) in

heaith and diseass, respectively.

Figura %. X-ray diffraction patterns of calcium phosphate

bl
(o

nanoparticles prepared in {(3a) the absence of both magnasium (Mg}

and bovine serum albumin (BSA), (b} in the presence of {.%M (My;

i4
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diffraction patternzs for the abt lsast partially
materials of Dasgupta et al. and Chowdhur et al {supra) more
closely resemble those of hydroxyvapatite. The comparison of ths
X-ray diffracticon patterns for amorphous caloium phosphate and
crystalline hydroxyapatite is shown in FPigurs 9 and the skilled
person can readily determine whether a form of calecium phosphate
iz amorphous by X-ray diffraction, by comparing the patterns with
those shown in Figurs 9. Undsr electron microscopy, the
morpholocgical form of ACP is shown as small spheroidal particies

in the scale of tenths of nanometer. Accordingly, as used

herein, ACP and AMIP (Pamcrphous magnesium substituted calcium
phosphate”) refer to such amorphous forms of calcium phosphate
and do not include crystalline forms of calcium phosphats, such

as hydroxyapatite.

I general, the present inventors have found that when the
amorphcus magnesiuvm-substituted calcium phosphate compositions of

the present invention are synthesized, they are produced in the

%
Pt R4 - £

form of aggloemerated particies thalt are amenable to purification,
for example by filtration and/or centrifugation, and processing
using other technigues, such as drying and formulating the

materials in compositions for storage and use. It will be

apparent te those skilled in the art that an appropris
exciplient may be added to the formulaticn to minimise or prevent
aggregation during drying or cother manufacturing processes.
However, the present inventors have advantageousiy found that
when the amorphots magnesium-substituoted calceium phosphate
compositions ars deliversd in an aguated envirvonment that would
xist olinically or in a bicological environment, thait the
materials re-~disperse in the form of nancoparticles having the

characteristics describad herein. This means, for example, that

the nanoparticliss have a size compatible with cellular uphtake.

Accordingly, as used hearsin, “an agylomerate” refars Lo a

relatively loosely bound collection of particlies, which are
apable of re-dispersing into the individual particles, auch as

naneoparticliss, in response to changing environment.

oy
[
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Preferably, the amcrphous magnesium substituted calcium phosphate

compositions employed in the present invention have the following

charactaristics, Preferably, the ratic of Mg to Ca in ths
amerphous magnesium-substitutad calcium phosphate compositions 1s
at least 1:25, optiopally at least 1:20, optionally at least
1:10, opticnally at isast 1:5, opticnally at least 1:4 and most

coptionally at least 1:3.

v, when bthe amorphous magnesium-substitured calcoium

are in aguated form, for sxample upon

s}
o
()
w0

Y
i)
o
ot P

0
o]
3

*’i
([J
)
¢t

.
i
3
w0

they disperse to form compositions of nanoparticises.
Genarally, the nanoparticlesz have mean diameters within the sizs
rangs of 5 rnm to 500 nm diameter, mean diameters in a rangs

~

between Z0 nm and 350 nm, more preferably mean diameters in a
range betwsen 20 nm and 200 nm, more preferably mean diameters in
a range betwsen 20 nm and 150 nm, more preferably mean diametsars
in a range between 75 nm and 150 nm.. Within a given size rangs,
it iz preferysd that at least 75% of the nancparticles of
amorphous magnesium-substituted caloium phosphate have an average
diameter in the range, and mors preferably that at lsast 90% of
the nanopa cles of amorphous magnesium-substitutad calcium
rhesphate have an avsrage diameter in the rvange. Particle size
may be assessed by Nancparticle Tracking Analyvais, fcr example
ueing a Nancsight NSSH0 (Nanosight, Amesbury, UK} using NTAZ.2

Analyvtical Scftware.

Az explained below, the amorphous magnesium substituted cium

phosphate compositions of the present invention appPear porous as

they have entrapped cr templated arvound the carge materials auch
as carzgeo molecules or cargo nanoparticles. The porosity of the
amorphous magnesium-substituted caloiwn phosphate composzitions
represents a combination of true pores and porss partially or
totally containing crganic cargo for which the electron

microscops is ‘blind’ as it shows regions of mineral and their

holes being rsgions {pores) of non-mineral. This can be chserved

by TEM, better by STEM and best by STEM tomography. BET or

mercury intrusion can provide measurss of the true pores that are

FY
-3
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not v cargo. Typlcally, the size of the pores in ithe

P

nangparticlas are 10 nm or less, more preferably Snm or less, and

most preferably about 1-3 nm. Generally, when they are in the
form of nancparticlss, the amorphous magnesium-substituted
calcium phosphate particles are approximately spheroidal or

elongated sphercidal in shape.

The stability of the amorphous magnesium-szubstituted calcium
compoesitions of the present invention is a key advantage of the
matzrials of the present invention and this arises, in part, from

the presence of magnesium lons in the material. Amocrphous AMCP

—

Mg Ca POy} phase could be produced which, asz a dry powder,
remains stable over time. Preferably, this contains at least ons
Mg atom for svery 25 £3 atoms and noe more than one Mg ion for
avery one Ca ions. More preferred Mg:Ca ratios are at least
1¢20, mors preferably at least 1:10 and more preferably at least
15 Mg:Ca ions, more preferably at least 1:4 Mg:Ca ions or at

least 1:3 Mg:Ca ions.

Computational Medelling of Magnesium Substituted Calcium
Phosphate Nanoparticles

First principles DFT meodelling was undertaken using the CAZTEP
{Clark et al: Filrst principles methods using CASTEP. Zeltschrift
filr Kristallographie: 220 (5-6): 587570, 2005} plane-wave

zimuiaticon code. Small precurscry calcium phosphate clusters

representative of the early stages of particle nucleani

constructed and simulated.

Posner’s cluster {Foaner, Acc. Chem. Res., B: 273-281, 18753,

{Cas{Pie), 13 considered to be a precursor toe the forma

o

crystalline apatite. This structurs was used as a starting modsl
but the formula was changed To reflsct an experimentaliy measured
composition, MogCar(PQs)e. Analvsis of the clusters’ geonmstric

structure and stabllity were carvised out. The stability was

assessed in thermodynamic ternms, ing formation energy
This analyvsis lad to the fellowing results. At the

experimentally measursd composition above, the cluster 1is more

18
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stable with magnesium than with calcium. Thisz is not true of
Posner’s cluster, where the magrnesium substituticon in not
favourabls.

5 T a magnesium substitution in crystalline hydroxvapatite

{(HA}, energy is reguired and hence the formaticon energy of the

is positive. The formation energy of the same
substitution in the experimentally measured composition cluster
iz nsgative, and hernce more favourable. This shows that

10 magnesium ln the experimental oluster stabilizes the amorphous
structure againsgt crystallisaticn., The most favourable position
for the magnesium substituntion is st the very csntre of ths

cluster. This is the position where the magnesium 1on 1s most

The geometry of the cluster iz much “icczer” whan comparsd to
both the substituted Posner’s cluster and the c¢luster without
magnesium. Compared to a substitutsd Posnaer®s cluster, the Myg-P

2

distance in 2.5% largsr and the P-P distance 5% larger. The
0 cluster loses its apherical geomestry, szhowing a more amorphous

leoking cluster with wesaker bonding.

Trapped carge matezxial
Experiments describad harein show that 1t is possible to trap one

25 or more carge materials in the amorphous magnesium-substituted

caloium phosphate compositions of the praseat invention.
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Total Organic Starting Synthesis Synthesis Synthesis
weight | material Ca:P:M Ca:P:Mg Ca/P molar (Ca+Mg} /P
{mg) {ug} {n=2} {n=2} ratio molar ratio
{n=2) {(n=2}

AMCP 2.19 = $1:1.3:0, 11:0.9:0.1¢ 1.11 1.2%

TRMGBy T T s - - o
Avidin

| BMCP/BS 2.39 242.9 1:1.25:0 {1:0.%:0.16 7 1.11 o 1.2%

A _ i .25

AMCP/BS | 1.98 | 315.7 i 1:1.27:0 i1:0.98:0.1 1.02 1.19
A/DGN ' .25 , 7

| AMCP/BS | = 245.8 - j = - 1 %

A/sPGN

"AMcR/RS T - 46.0 | N | B " Z

a/ {Starch)
Starch

[AMCE/BS |- 240,87 = = | w =

RMCP/ES s 51“4-10_ S = - 7 ~
A/ 3 (TSLP} ‘
TSLP

Hanoparticles az Carge Materials

Nanoparticle structures may have Therapeutic benefit either
directly themselves or due to the carriage of a therapsutic
within, Small nanoparticles, genserally <20nm, prefarably <15 nm
and most preferably <10 nm in diameter may be readily
incorporated in the amorphous magnesivm-szubstituted calcium
compositions of the present invention. This may have the
advantage of targeting the small nanoparticlss toe where,
otherwise, they would not bhe direchted. For sxample, interfering
RNA for pandsmic flu mav be ilncorporated in small nuclear-
targeted nancparticle which itself iz incorporated in an
amerphous magnesium-substituted caleium compoesition to allow
initial upper alrways delivery by inhaler or similar device and
enabling the amcrphous magnesium-substituted calcium composition

o di

ot
6]
%]

solve in lung lining fluid before relsasing the smaller
particles for further travel and delivery to deeper epithelial

cells.

A second example is therapeutic iron. For sxample, it may be

o3

esirable to bypass or reduce gastric degradation. An example of
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this is nanoparticulate iron hydroxidss like the ferritin core
that one may wish to deliver to the small intestine intact =zo
that they are taken up whole in the small intestine through
endocytosis and then dissclve intralyscscmally for Fe
utilisation.

3

In other aspects, the present invention allows the ds

vary of
metal nancparticles or metal ozo-hydroxide nanocoparticles, szuch as

iron or copper nanoparticles, or guantum dots using the amorphous

vesium-zubstituted calcium compositions, which may be

desirable for experimentation for ezample, allowing the
particle’s cargo to be tracked, both in in vitre and in vivo
systems. Accordingly in a further aspsct, the present invention
provides a composition for use in e msthod of diagnosis
comprising amorphous magnesium-substituted calcium phosphate
{AMIP) which entraps a carge material comprising a detectable

molety, such as a label. In one embodiment, this may iavelve

delivering a <arge material teo the gastrointestinal tract,

thereby enabliing the carge material to ke delivered Lo a zits of

P“!‘
o
("t

interest he ga sintestinal tract and detected using a

&
technique capable of detecting the dstectable molety.

In a related aspect, the present inventilon providss a method of

Iy

diagnosis which comprises adminisztering to a sublect a

ubted calcoium

composition comprising amorphous magnesium-zubst

phosphate {AMCP} which entraps a cargo materiszl compriszing a
detectable moilety, dellvering the amorphous magnesium-substituted
calceium phosphate comprising the cargo material to the

gastrointestinal tract, and detecting the detectable moiety.

Vaccines ag Largo Materials

Therapeutics may requlre a) targeting to a spacific cell type
and/or by to be protected from digestion during gastrointestinal
transit. The amorphous magnesium-substituted caleiwm phosphate
composition of the present invention wmayv offer advantages in both

ial celis

cases. First by targsting APCs and/or reticulo-endoth

1)

SO0

2]

whether given orally, rectally or parenterally. For the re

21
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set cut herein, amcrphous magnesium-substituted caloium

composition of the present invention are well zulted to delivery

of cargo ma

zrials to the Peyer’s patches and to Mesenteric Lymph
Nodes (MLN} . Secondiy, by providing some protection To digestion
5 from enzymes. An example would be vaccinaticon. The vaccine,

which comprise one or more one carge molecules,

incorporated in amorphous magnesiuvm-substituted caloium
compozitions to achieve both or oneg of the geals above. A second
example lz therapeutic delivery in inflammatory bowel disease,

10 rheunatoid arthritis or other inflammatory or auioimmune
disorderz. 1t may be beneficial for a spescific therapeutic such
as stercld, methotrexzate, azathicprine or even ‘bicloglicals® that
are uszed as non-targeted therapies to in fact be packaged in
amorphous magnesiun-substituted calcium compositicns of the

15 present invention and tavgsted to APCs and related cells.

Without wishing te be bound by any particular theory, the presant

nventors believe That amorphous magnesium-substituted calcilum

phosphate compositions may ke used to treat conditions such as

23 autoimmune conditionsg, inflammatory bowel disease, rhaumatoid
arthritis or other inflammatory diszorders by inducing oral
tolerance to dampen systemic and/or local responses that underiie
these conditicns. While orally consumed materials that have not
been digested mav be trapped by endogenously producsd calcoium

25 rphosphate nancparticles and carried to relevant celils, this
process 1s relatively inefficisnt compared to the cellular
exposure to a cargo material already present in the synthstic
amorphcus magnesium-zubstituitasd calcium phosphate compositions of
the present invention.
Mucleic Acid Carxgo Moleculss
The amcrphous magnesium-substituted calcoium phosphate
compositions nmay e used to deliver cargo matsrial that is

nuclelc acid seguences, for example to ohtain expression of the

w

35 nuclelc acid sequence in a cell, delivery of short nucleic acid
seguences for gene knock down and z0 on. Generally, the nucleic

acid may be a naked ssquernce c¢r else irncorporated into an

“

2%



(021

20

3
e

[€5]
e

WO 2015/067939 PCT/GB2014/053291

expression vactor. HNucleic acid may be wholly or partially
synthetic and may include gencmic DNA, cDNA orxr EBNA. Where
nuclelc acld according to the invention includes RNA, referencs
to the sequence shown should be construed as reference to the ENA

eguivalent, with U substituted for 7.

Nuclelc acid zequences, for exemple encoding all or part of a
gene and/or its regulatory elements can be veadily prepared by
the skilled person using the information and references contained
herein and fechnigues known in the art (for example, s=e
Sambrook, Fritsch and Manlatis, Molscular Cloning, A Laboratory
¥Manwal, Cold Spring Harbour Laboratory Press, 19289, and Ausubel
et al, Short Protocols in Melecular Biology, John Wiley and Sons,
1992 . These Ttechniguez include (i) ths use of the polymerase
chain resaction (PCE} teo amplify samples of such nuclieic acid,
e.g. from genomic scurces, (ii) chemical synbthesis, or {iii}
ampiification in E. coli. Modifications teo the nuclelc acid
sequences can b2 made;, &.g. using zits directed mutagenesis, to
taks account of codon preference in ths host cells used ho
express the nucisic acld. PCE techrniguezs for the amplification
of nuclelc acid are described in US Patent No. 4,683,135,

includs Moellis
12263, (1887,

1289, Ehrlich

Feferences for the gensral use cf PCR tachnigus

et al, Cold Spring Harvbour Symp. Quant.

Ehrlich {(ed.}, PIR Technology, Stockton Press,

et al, Science, 252:1642-16%0, (1991}, "PCR protocols: A Guide to

Methceds and Appliications”, REds. Innis et al, Academic Press, HNew

York, {(193G;,

In order o obltaln expressicn of a nucleic acld sequsnce, 1t can
e incorporated in a vector having control seguences operably

Linked to the nucleisc acid to contrel its expresaion., The vachor

&
L

may includs other ssqguences such promoters or enhancers o

drive ths of the inserted nucisic acid, nuclelc acid

sequences so that the polypeptides encoded by the gene 1s produced
as a fusilon and/or nucleic acid enceding secretion signals so
that the polvyvpeptids produced in the host cell iz secreted from

&

the cell. Sultable vectors can be chossn or constructed,

2
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containing appropriate regulatory seguences, including promoter

sequences, terminator fragments, polvadenvliaticn seguances,

i

nhancayr ssguences, marker genes and other guences a
appropriate. Vectors may be plasmids or viral, e.g. ‘rphage, or
phagemid, asz appropriate., For further detalls see, for example,
Moleculiar Cloning: a Laboratory Manual: 2Znd edition, Sambrook et
al., 1989, Ccld Spring Harbour Labcratory Press. Many known
technigues and protocols for manipulation of nucleic acid, for
example in preparaticon of nucleic acid constructs, mutagenesis,
saguencing, introducticon of DNA into cslls and gene exprasszion,
and analvysis of proteins, ars describsed in detail in Current
Protoccls in Molecular Biology, Ausubsl et al. eds., John Wilevy &

Sons, 1282, The nucleis acid or expression vechors may be

transfected into targst cells using the nanoparticles into which

the amorphous magnesiuvm-substituted calcivm phosphate
compositions of the present invention dispsrse in use so that the
nucleic acid encoding a gene of intevest ig expressed in the

target celis.

Polypeptide Cargo Molecules

The amorphous magnesium-substituted calcium phosphate
nancparticlies may be used to deliver carge molecules that are
peptides or polypeptides, for example protein antigens or
cytokines. Polypeptides asz used herein includes polymers in
which the monomsrs are amino acids and are joined together
through amlde bonds. The amino acids forming polypeptides may
inciude unnatural amino acids, such as B-alanine, phenylglyvoine
and homcarginine, or aminog acids that are not nucleic acid-
encoded, and/or amino acids that have been modifisd te inciude
reactive groups, glycosyiaticon sites, polvmers, therapeutic
moleties, biomolecules and the like may also bs used in the
invention., ALl of the amine acids used in the present invention
may bs elther the D - or L formzs. The uss of the naturally
ceccurring L-izomer is generally preferred.

The methods described are applicable to anyv size or tvps of

polypeptids from single amince acids and peptides to polyvpeptides

24
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and proteins having molecular weaights of up te or over 100kDa,
and in exceptional zases, such as ferritin, of up to or exceeding
1 miliion kDa, Accordingly, while for convenlence, the methods
hersin are generally described by reference teo "polvpeptlides™,
this should be taken to include shorter seguences of amino acids
fe.g., from 2, 3, 4, 5 or 10 aminc acids in length te 30, 40 or

50 amine acids in length}, sometimes referred to in the art as

paptides, as weall as to larger polyvpsotides gengrally referred to

as proteins. The term should alsoe be taken o
polyweptides having secondary, tertiary or guaternary structure

by

generally referred to a2z proteins, as well as multi-domain

protelns or other critical proteins and polvpeptides in disease

process.

Examples of suitable classes of polypeptides include interferons,
interleaukins, chemokines, lymphokines and cytokines, for ezample

for conditioning and cell -re-sducation, allergens (i

ayatemic), bacte proteins and avtoimmune proteins.
Microbial-Associated Molecular Patterns as Cargo Moleculss

The amorphous magnesium-substituted calcium phosphats
compozitions may be used to deliver cargo molescules that
encompass microbial-associated molecular patisrns [(MAMPa), such
as peptidoglycans. Examplss of MAMPs includs
ipepolvzaccharides, muramyl dipeptide, lipotochsic acids or any

-

moiecules that can engage the cellular toll-like receptors anddor
intra-cellular NOD-like receptors and associated family members.
MAMPs can bz used for seither their inflammatory {adjuwvanit) or
anti-inflammatory propsrties {(tolsrogenic) depending on the cell
environment. For example in the gastrointsstinal trasct the
default is one of itolerance, In the periphery, 1t iz one of
immune responsiveness. It is koown in the art that in culture
cells can be conditioned to try and mimic thelr gut immuno-
telerant state. Peptidoglycan may be delivered into target
cells, in vivo or ex vivo with appropriate conditioning, using
the amorphous magnesium-substituted calcium phosphate

compositions of the present invention so that tolerogenic signals

i
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are induced in the cell of interest. For example, 1L-10 mav be

the particls

secreted and PD-L1 up-regulated. If additions
carries an antigen then the T cell response to the presented
antigen may be usafully tolerogenic. In condition

Cronn’ s dissase whsre this pathway may not be opera

herein.

Small Molecules as Carge Molscules

The amorphous magnesium—zubstituted calciom phosphate

compositions may be purposefully used to trap and deliver small

molecules such as nutrients. This may have benefilt in a number

b

of ways Firstly, for nutrients that are synergistic with the
nutritional kenefit of calcocium especially magnesium, silicon and
Vitamin D. Secondly, the amorphous magnesium-substituted calcium
phosphats compositions may act toe partially or wholly protect the
nutrient from digestion by the nanoparticles into which the
compositiong of the present invention disperse by dissolving in
the stomach and thus delaving the time that gastric acid has to
act on the nutrient composition inside. A further example
involves the targeted delivery of small molecules such as
nutrients, amino acids, nuclelc acids, including thelr ssquences
to cells that specifically scavengs the AMUP particlaes whether
dminisztered orally or parsnterally. APCs and reticulo-

endothelial cells would be especially targstad in this fazhion.

Synthesis of amorphous magnessium-substituted calcium phosphate
materials

The aynthesis cof the amcorphous magnesiuvm-sudbstituted calcium

phosphate materials of the preszent invention contalning entrapped
biclogically active carge materials was adapted f{rom the methods
disclosed by Beskey and Posner (1273, 1974}, with the distinction

that theilr materials did act entrap biclogically active ¢ar
4 4

te
O
(&

material, and with some further ilmprovemsnts to thely methods.
Broadly, the process ¢of the present invention smplovs magnesium
iona (Mg to stabilize calcium phosphate in the amorphous phase.

However, the present inventors have found that the biclogically

26
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active cargo materials may provide additional stabilization

beyvond that provided by the magnasium ions (Mg®™) and that the
efficiency cof the ztep of dryving the precipitated materials plays

an ilmportant role in preszerving the amorphouz phase.

hocordingly, in one aszpect, the present invenbtlion provides a

process “for producling amorphous magnesium-substituted caloium
phosphate compesitions that contaln sentrapped bioclogically active
cargo material, the procsss comprising:

10 fa) providing a solution comprising calcium ions {(Ca“™),

N

magnesium ions {Mg®) and a sclution comprising phosphate ions
(P04}, wherein one or both of the solubtions comprise one or mors
biclogically active carge material;

{b) mixing the soluticn comprising caleium icons {(Ca?y,

ywith the solution comprising phosphate icns

wm

15  magnesium ions (M

(PO27) to preciplitats amorphcous magnezlum-substituted calcoium
K - ~

phosphate in which the biclogically active carge material ig

entrappad;

¢y recovering the amorphous magnesium-substituted caloium
20 phozsphate;: and
(d} eoptionalily washing and dryving the amorphous magnesium-

supstituted calcium phosphate with entrapped carge material.

Conveniently, the sclutlcocn comprising calcium ions {Ca?),

25 magresium lons {(Mg?) and biclogically active cargoe molecules 1s
buiffered, for example using a Tris, HEPES, BICINE, TRIQT oY A
citric acid buffer, or an amine acid, asuch as iysine or glycine,

7.5 and pH 10, and more preferably at a
pH of about 8.0. This mav ke achieved using a Tris buffer at a
30 concentration range of bDetween 50 md and 300mM, for exampls at

about 150 M Tris. Generally, the concentration of calcium ions

(Ca™) is betwesn 5 nM and 200mM, for sxample at about 17.7 mM.

i

zenerally, the

o of magnesiuwm ions (Mg?") to caloium ions
{Ca’) is at least 1:25, optionally at least 1:20, opticnally at
35 leaat 1:10, optionally at least 1:5%, optionally at least 1:4 and

optionaily at lsast 1:3. Ths concentraticn of the dbiologically

active carge molscules depends on the amount of the molecules

27
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that 1t is desired to trap in the precipitated nanoparticles. By

way of illustration, in applications wheare the hiologics
1

tive carge molscule is a thsrapeutically active molecule, the

concentration may ke generally lower than for applications where

the bicicgically active cargo meleculs is a nutraceutical

molaeculs.

The concentration of solution of phosphate ions (PG4 is between
SowiMoand 200 mM, for example at about 20 oM, and is gsnerally
buffered in the same buffer sclution as the solution comprising
caicium lons (&%), magnesium ions {Mg®' and bioclogically active
carge molecules. The rapid additicn of the soiution of phosphate
ions (PG4} to a caloium solution snsure the rvatios of Ca™ and

P04 are constant whilst the amorphous calcium phosphate {(ACP)

phaze is formed. In absence of stabilisers, this would
normally rapidly convert to more crystalline phases, such as
hydroxyapatite. Thiz conversion can be prevented, cor at least
limited, by the additicn of magnesium ions (Mg’ in ths synthesis
which, by being incorporated in the calcium phosphate mineral,
disrupts the lattice and reduces surface remodelling (Figure Th,

B} .

Whils the stabilisation by amorphous calcium phosphate by

magrnesium ions {(Mg?) was Tirst investigated by Bosks & Posner

{1574}, the present inventors have surprisingly found that the
porous structure of the nancparticlez is capabls of incorpoerating
a range of different types of biolcgically active carge
molecules. In addition, the present inventors found that the
carge molecules entrapped within the structure cf the
nancparticiez further increases the stabilisation of the

amorphous phase during synthesis and for subseguent drying and

astorage. This enablss the procsss of the present invention ho

semplioy lower concentraticns of magnesium ionz {(Mg?) than Boskey &

o

Posner found Lo be nece:

(u

sary to stabilise the amorphous calciun

phosphsa phase, for szample 1.8 mM Mg per 17.7 mM Ca. However,

in general, higher concentraticns of magnesium ions (Mg’ are
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Table 2 shows results of experiments in which the Mg:Ta ratio was

measured at syntheszis and in the final material

Table 2. Mg:Ca and P:Ca ratio in stock solutions and after

synthesis of AMCP, as determined by ICP.

At synthesis {reagsnts} Actual (determined in material by

Ice}

Final Mg:iCa P:Ca ;Mg:Ca ratio (8D} | P:Ca ratio (ESD)
Mgl =M ratio ratio |

without with | without with

protein prctein  protein protein

O

1:1.60 1:1.18 v 1:0.84 1:0.62

(0.004) (G.01) (0.03} (0.0

1 1512 130,

) 72TV s 1700 TTTITETEY 1:2.79 1:1.26 1:1.03

3 376 T R R O RS R BT LD

6. 0 _ N/A 1:8.9 N/ 1:el7% § 1:1.52 1:1.48
(8) (0.04) (0.02)

N/R: Not applicabls

*[Mg] derived from the protsin

The present inventors further found that incorporation of the
cargo molecules increases phase stability of the material in
agusous envirvonmenits, which is beneficial for biomedical
applications. his was exemplified in tisszsue culture media,
hers amorphous magnesium-substituted calcium phosphate

W

nanoparticies loaded with protein cargo moeleculs, in this case

"

the protein povine serum albumin, reguired significantly longsr
to convert to hydroxyapatite (HA} than the corresponding unloaded

amorphoeus magnesium-substituted calcoium phosphate (Table 3.

2
(SR
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Table 3. Lifect of protein incorporation on the phase stability
of Mg-stabilised ACP {[#gl=32.86 mM) in tiszve culture media made
coording to the general protocel described above at pH 10.4,

washed with acetone twice and dried overnight in oven.

Time {(mins) no BSA With BsSa

Z4 hours | ~ ACE

Samples centrifuged and washed twice with pH 10.0 water
Samples resuspended in D10 {same volume as synthesis mixiurs)
Samples centrifuged and washed with pH 10.0 water

Samples centrifugsd and washed with acstone twice

Dried Overnight in Oven

in addition, the present inventors have found that increasing the

U

pH of synthesis above pH 8.0 may produce amorphous magnes
substituted calciwn phosphate compositions with improved phase
stabllity as compared to the corrssponding materials syntheaized
at pH 8.0 as used by Bosksy & Posnsr (1874). Accordingly, it is
oreferred that the pH during =zteps {a} and/or (L) is greater than

7.5, preferably at least pH 8.0, more preferably at least pH 8.5,

and mozt preferably at lsast pH 9.0.

Formuiations and Uses

The amorphous magnesium-substituted calclum phosphate compositionsa
of the pressent invention may be formulated for use as agents for
delivering the entrappsd cargo materials, such as carge molecules
cr cargo nancparticles, and may be used to treat and/or prevant

cenditions that reapond te the carge moelecules, in vitro and/or in

vivo. As described elsewhere, compositions for use in diagnostic

G
.

applicaticnzs are also disclosad. Accordingly, ths compositicons

5,
R



10

{ad
(@]

WO 2015/067939 PCT/GB2014/053291
the present invention may comprise, in addition ko one or more of

the amorphous magnesium-substituted calcium phosphate compositions

cf the present invention, a pharmaceutically acceptable sxcipient,
carrier, buffer, stabiliszer or other materials well known to thosse
zkilled in the art. Such materials should be non-tozic and should
not significantly interfere with the efficacy of the solid phase

materlials for the application in gquestion.

The precize nature of ths carrisr or cother component may be

related to the manner or route of administraticn of the

composition. These compozitions may be delivered by a range of
delivery routes including, but not limited to: gastrointestinal

delivary, especlally orally and nascgastric delivery: parenteral

delivery, including inijection; or by implant at specific sitss,
including prosthetics that may be used for this purpcese or mainly

for ancther purposs but have thiz hensafit. In particular,

composzitions can bs used in gene transfection or introduction of

nucielc acid sesguencss, vaccination, deiivery of therapeutid

agents, ex-vivoe manipulation of cells for re-injection ho same or
different recipient and delivery of nutrients. In particular, ithe
compesitions can be used in vaccination, and in the treatment or
prevention of autolmmune diseases, as part of cancer therapy,
treatment of food allergies and/or intelerances, including de-
sensitisation, and treatment or preventilicon of inflammatory bowel
diseass, most sspecially Crohn’s disecase.

=

Az described hereln, the present invention provides medical

¢

uses in which the amorphous magnesium-substitute caloium

3

phosphate compositions are uzed to deliver a wide range of

therapsutic

/]
v}
(.
<]
)
[
5]

gastrointestinal tract, such as cells present in ths
patches and in the mesenteric lymph noedes, in locations such as
the ilewm and caecal patches of the cascum, especially the

appendix.

In one embodiment, the present invention may ke uzed for the

treatmsnt oy preventicon of cancer, especiaily as vaccine

s

.y



WO 2015/067939 PCT/GB2014/053291

compositions. For sxample, the compositions of the prezent

invention may ke usad as vaccines for the treatwment of Myeloid
Lavkasmias. This may include using cargs moleculss which are

.~ Abelson)

fusion proteins of BIR-ARL (Breakpoint Cluster Regd

o

resulting from the formation of the Philadelphia chromosome in
Myvaicld Leukasmias such as Chronic Myelogsnous Lauvkaemia (CML),
Acute Lymphoblastic Leukasmia and Acute Myelogenous Leukaemia
(&ML} . BCR-ABL fusicn proteins, including portions or synthetic
analogues thereof, may be incorporated within AMCP, and

iG cpticnally combined with an immune-stimualato {tolerance
breaking) agent, such as MAMP, to induce robust adaptive immune T
cell responsss to the aberrant cancer fusion proteins. Ancther
canceyr fusion protein target that may be used as & cargo nmoleculs

for therapeutic vaccination is GAG-ONC {(Rous sarcoma Virus) .

}._.L
&

Detalls of these proteins are available as follows:

GAG-QONC:

http://www.nim.nih.gov/cgl/mesh/2011/MB cgi?mode=&tarm=gag-

snerFusiont+Proteins

20

BOR-ABL:

htip://www.nlm.nih.gov/cgli/mesh/2011 /M8 cgifmede=§term=Fusion+Pro

teing,+bor-ablafield=entry#TreeDiZ . 774.602.500.500.100

T a Turther embodiment, the present invention mav be used for

&

Oy
'
5

the treatment or prevention autcolmnune dissases by using
therapeutic vaccinaticn to induce tolervance towards autoimmune T
cell and auto-antibody responses. Previous research using the
Brperimental Autoimmune Encephalomylelitis {(HEAE} murine modsl for
30 multiple sclerosis that therapeutic vaccination against
autoimnune neuro-antigen targets can bs achieved via the oral
route {Song et al., The Pever's patch is a critical
immunoregulatory site for muccsal tolerance in experimental
avtolmmune encephalomylelitis (ZAE). J. Autoimmun. 2008

35 June; 3044 12307}

[N
L



Y
)]

N
<

340

WO 2015/067939 PCT/GB2014/053291

In one embodiment, the compositions of the present invention may

ke used for ths treatment or prevention of multiple sclerosis by
therapeutic vacglination, for ezxample by incorporating ons or more
autolmming central nervous system nsvro-antigenic proteins into

AMCP, opticonally with one or more tolerance inducing agsnits, such

loglyvean, for inducing tolsrogenic T cell reszponses to

autoimmune harvgets. By way of illustration neurg-antigenic

sroteins relating spscifically to the treatment of Mulitiple
& ¥ P

Sclerosis include Myelin Basic Protein (MBP), Froteolipid Pro
{(PLP), Myellin Oligodendrocyts Glyceoprobtein (MOG), Myelin-

assoclated Glycoprotein (MAG), S1008 CGlyooprotein (8B),

Cligodendrocyte-Mysliin Glycoprotelin {(OMGP), Myelin-Asscciated

0

93
Cligodendrocviic Basic Protein [MOBP), of-ox {CRAR} and

ol

2

i

Z27=3"~¢yclic nuclsotide 3f-pPhosphodissterase (CNP} {(see Crawford

et al., High prevalence of autcreactive, neurcantigen-specific
Co8+ T cells in multiple sclercsls revealed by novel flow
cythometric assay. Bleood 2004 Jun 1;102(11):4822-31.).
Accordingly, ons or more of these proteins, or a biclogically

active fragment theresf, mav be used as cargs molecules.

In a further embodiment, the present invention may be ussd for
the treatment or preventicn of inflammatory bowel dissases, such
as Crohn's disease and cceliac disease. Therapeutic vaccination
for the treatment or prevention of inflammatory bowel diseazes
such as cosliiac disease may be carried out by incorporating
Gliadin, a prolamin {giuten protein} found in wheat, or =zimilar
proteins found in ths crops of the tribe Triticeas {(such as
parley and rve) into AMCP with or without tolerance inducing
agents {(such aa peptideglycan! to induce tolercgenic T cell

-

responses to autolmmune targets. See D1 S

matino &t al. {(The
Lapcet ~ 25 April 2009 {Vol. 373, Issus 9673, Pages 14%0-1493

and

In a further embodiment, the preasent inventicon may be used for
the treatment or prevention of type 1 diabetes.
vacoinaticn for the treatment or prevenition of type 1 diabstes

may be carried out by ilncorporating glutamic acid decarboxviase

34
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o

(GAD) isoforms GADET and GADSY dinto AMCP, with or withoutr
tolerance inducing agents {(such asz peptidoglycoan), to induce
toleragenic B cell responses to autoimmune targets. Ses Kaufman
et al. {Autoimmunity to two forms of glutamate decarboxylase in
insulin-dependent diasbetes meliitus. J. Clin. Invesi.,

192Z2:89 (1) :1283-292.}

In a further embodiment, the preszent invention may be used for
the treatment or preventlon of autcimmune conditions such asz
Systemic Lupus Ervihematosu SLE} . Therapeutic vaccination for
the treatment or prevention of SLE may bs carrisd out by
incorporating High Mobility Group box 1 {HMGRL) and other small

nuclear ribomucleopreteins (nRBNPs common targets of

autcantibodies in ilupus and cother autoimmune dissases), inte AMOP
with or without tolerance inducing agents {(such as peptidoglyea

to induce tolsrogenlc B cell responses te autolimmune targets.

ot

See Poole et al., EHarly Targets of nRNP Humoral Autoimmunity in
Human Systemic Lupus Ervthematosus. Arthritis Bheum. 2008 March:

60 {3}): 848-855.

In soms embodiments, the amorphous magnesium-substituted calocium

O

phosphate compositions ¢f the present invention may be used
deliver cargo malterials to ceil types or biclogilecal locations
that preferentially take thew up. These include the Pever's
patches and mesenteric lymph nodes, presasnt in locaticns of the
gastrointestinal tract such as the ileum and cascal patches of

thes caecum, especially the appendix.

Pharmaceutical compositions for coral administration may bes in a
tablet, capsule, powder, gel, liguld form, sprinkle or a suitable

fosd-stufi. A tablelt may include a solid carvier, such as

gelatin, or an adiuvant. Capsules may have spscialissed properties

such as an enteric coating. Liguid pharmaceutical compositicons

snerally includs a liguid carrier such as water, petrolsum,

K2

animal or vegetable cils, mineral oil or synthetic oil.

Physicloglcal saline solution, dextroszse or other saccharide

solution or glyools such as ethyvlene glvceoel, preopvlens glvesl or

35
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polyethylene gliyeol may be included. Where the amorphous

magnesium-substituted calcium phosphate nancparticlez of the

prezent invention needs to be maintainsed in a solid form, s.g. to
contrel the delivery of a component of the material, 1t may ke

fect components of the formulza

oy
o
i
G
B
Ui
o
o]
[
{
G
ez
07

suld formuiation of ths material is made. Whers

the material iz administered with & food-stuff, the formulation
components will be chossn to be compatible with the amorphcus
magnesium-substituted caleium phosphate compositicons and to

10 provide suitable physicochemlcal and crganoleptic characteristica.

For dntravenous, cutanecus or subcutanecus injection, or Iinjecticn

at the site of affliction, the active ingredient will be in the

form of a parsnterally acceptable aguecus solubtlon o9r suspens:

15 which is pyrogen-frse, except for what is within the amorphou:s

\1‘1

magnesivm-substituted calcium phosphate compositions, and has

suitable pH, isotonicity and stability. Those of relevant skill

in the art are well able to prepare suitable solutions using, for
example, isoctonic vehicles such as Scodium Chloride Injection,

20 Fingsar's Injectlon, Lactated Ringer's Inisction. Freservatives,
stabilisers, buffers, antioxidants and/or other additives mav be

incliuded, as reguired.

The materials and compositions uzed in accordancs with thes

prasant invention that are to he glven to an indiwvidual are
preferably administered in a Yprophylactically effective amount”
or & "therapeutically effective awcunt” (az the case may ba,
aithough prophyvlaxis may be considered therapy), this besing

sufficient to show hernefit to Tthe individual clinical state. Ths

G

actual amount adninistered, and rate and time-course of
administration, will depend con the nature and severity of what is
Deing treated. DRecisions on dosage etc., is within the
responaibility of general practitioconers and other medical
doctors, and typically takes account of the discrder to bs

35 treated, the condition of the individual patient, the site of
deliivery, the method of administration and other factors known to

prachtiticoners. Examples of the technigues and protocois

o\
h
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mentioned above can be found in Remington’s Pharmaceutical

o

Sclencas, 20th Edition, 2000, Lippincott, Williams ¢ Wilkins, A
composition may be administered slone or in combination with
other treatments, eithery simuliansously or ssguentialily,

dependant upon the condition to be treated.

Examples of the uses of the amorphous magnasium-substituted
calciuwm phesphate compesitions of the present inventicn inciude,
but are not limited to, uses for the delivery of dietary mineval
supplements and fortificants; therapeubtic mineral szupplemsnts
{z.g., as administered by i.v. and oral routes); drugs, nutrients
or cosmetic carriers/co-complexes; phosphate binding agenis:
other binding or seguestering applications; food additives; anti-
perspliranta; sun-protection agents; vacoine compositions
adiuvants; immunco-modulatory agents; direct cosmetic applications
including exfoliating agents: bone and dental filler/camants;
implant materials including brachytherapy, and imaging and
contraat agsnts. In one embodiment, the amorphous magnesiuym-
substituted calcium phosphate compositions of the present
invention may be uzed as delivery platfeorm for supplesmants for

nutritional or medical benefit. In one sembodiment, ths present

Y

invention employs nanoparticles as cargo materials, for exampls
metal-bazed or metal oxco-hydroxide based narncparticles. These
may be used for imaging, for example for tracking the amcrphous
magrnesium-substituted calcium phosphate prezent in a subject to
whom & composition of the present invention has bsen
administered. In all formats, but most especially for
fortificants, subseguent formulation, such as addition of a

protective coating {e.g. lipid),

h} ko

3
b
s
o}
@

o
o
@
(:

Lu

ary to make the
materizl compatible with itz intended usages. For example the

compesitions may be encagsulated for cral administration.

Role of PD~LI in intestinsl health and dissasgse, in particular in
Crohn’s Dissasse

Antigen presenting cells (APCs) can acguire solubls and/or
particulate protein antigens which they process and present

solvpentides of, on their surfaze, 1n ths
yper

o
e
(&3
Q
L)
el
<
£h}
"
-
l‘?
¢
@]
b3
@
H
}__J
£

37



10

[ove
EaN)

W
fa]

WO 2015/067939 PCT/GB2014/053291

m

1y then engage the MHC wia their T cell receptors (TCH) forming

=1
s

an MHC-antigen-TCR complex., Precisely how the T cell responds

depends upon a number of factors, an ilmportant one being co-

Jarlatory signals from other surface molecules.

In the gastrointsstinal tract, it is known that ons important

3

regicon of protein antigsn encounter and presentation by APCs to

b~

celils la the lvmphold folliciss, exemplified by Pevyer’s patches
of the ileum and caecal patches of the caecum, especially the
appendiz. It is also known that the general respense in the
gastroeintestinal tract is one of immuno-tolsarance to pravent

active immuns responsss to all The beneficial antigens that the

gut is ezxposed to {e.g., friendly bacteria living in the

snvironment and food protein). Frogrammed dsath ligand I {FPD-

Liy, expresssd upon antigen presenting cells (APC), is a co-
i

stimulatory molecule that in general provides sLrong immuno-
tolerance signals to T cells and is one candidate melecule fozx
Helping maintain tolarance in the gastrointestinal tract. In ¢ae

aspect of the present lnventlon, the present inventors have found

that the ca of the Peyer’s patches that stain with calcein

because of the present of endogsnous calcium phosphate

nanomineral, are representative of antigen receiving cells of

intestinal lymphoid follicles and normally express distinct and

¢
mostly high levels of PDR-L1. These cells are mostliy CDllb and

.Cocells in

b

Chllc positive, typical of a population of dendri
this regi@n cf the gut, and a mincrity are CDEE positive, typlcal
of mature macrophages. Taken fogether, these observatlons are
consistent with {a} the uptake and pressntation of antigen into
the ilymphoid follicle ilmmune celils by the calcium phosphate
nanoparticles and (o) PL-L1 plaving an important rele in these

specific cellsz to snszurse that the antigen 1s presented in a

tolerogenic context.

Surprisingly, the inventors have now found that in Crohw’

e for PE-LL or

digeass, these cells are almost always nega
express very low levels. This suggests that fallure of PDL-L1
signalling in these areas, namely intestinal lymphoild folliclas,

is a fundamental defect in the aetiopathogsnesis of Crohn'az
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diseass that can be corrected to provide therapeutic benefit to
patients. Accordingly, in one aspsct, ths present invention
provides an agent capable of incrsasing szpression of PD~L1 in
antigen-presenting immune cells present in the gut for use in a
method of treating Crohnfs dissase. In some embodiments, the

agent may be delivered fo the cells using the amorphous

magnesium-substituted calclum phosphats nancparticlies described
herein, thereby taking advantage of their selective uptake by
these cells.

By way of explanaticn, Programmed Cell Death Ligandg 1 {('PD-L1%)
has a gene that encoedes a 290 amino acid protsin. In the main PD-
L1, alsc known as CDZ274; belongs to the B7:C0DS8 superfamily of
co-receptor molecules and Lt functions as an inhikbitor of T cell
function by dampening cvitckine production and TCR sigrnalliing when

bound to its receptor PI-1.

rn\r\'-

{gene name D8 IYTIONYVIAS

-

The HUGD Gens Svyvmbol repczt for PO

R7HI, PDBORILI, FDCDILGL, PDLL and sometimes referrved to as PL-1
ligand 1} can be found at

hWitp: //www, genenanes . crg/data/hone data.php?hgne 1d=1783%, which

provides iinks to the PD-L1 nucisic acld and amino acid

sequencss, as well as reference to the murine and rat homologs.

The amino acid zesquence of full length humen PO-LLI is set out in

the UniProt Knowledgebasze in SEQ ID NC: 1 {ddentifier: {9NIZQ7-13,

although twe other iscforms produced by alternative splicing have
baen described that differ from the canonical ssguence as
follows: in lzoform 2 amino acids 19-132 are missing {(identifier:
GONZQ7-2), while in isoform 3 there iz an amine acid exchange at
positicn 178 (178-178: K - D} and amino acids 17%-2%0 are missing

1

entifier: QONZO7-3).

§

-
Q.

MEIFAVEIEM TYWHLLNAFT VIVPKDLYVY EYGISEMITEC KERPVIERQLDL AALIVYWEME

DEKRIIQFVHG EEDLEVQOHSS YRORARLLED DLSLGNAALY ITDVKLODAG VYRIMIZYGGE
ADYKREITVAY NAPYNKINGR ILVVDPVISE HELTCQARGY PRAEVIWTSS DEQVLSGETT
TINSKREEKL FNVTEITLRIN TTTNEIFYCT FRRLDPEENH TAELVIPELP LAHPPNERTH

LVILGALLLC LOGVALTFIFR LEKGRMMDVEK KCGIQDTHNSK KOSDTHLEET
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5,

Accordingly, in one aspect, the present inver

ion is based on thes

novel findings that by treating theses antigsn presenting cells of

the intestinal lvmphoid follicles, so as to up-regulal

of PD-L1, would be of significant therapesutic benefit

Faa

in the treatmesnt or praventicn of Crohn’s disease. The amcrphous
magnesium-substituted calcolium phosphate materials of the present
invention that mimic the in vive nanomineral, could therefore bs
employed to dsliver agsnts capabls of up-rsgulating PD-LI
azpression as the sntrapped cargo material, having the advantage
of targeting the very intestinal lvmphoid follicle cells that
requlire trsatment. Such a Ttherapeutic would need to bypass the
proposed ‘pesptidoglyean block’ if this proves to be the
underiving mechanistic reazson for fallure of PD-L1 sxpression in

~

Crohn?

6]

disease, or indeed inflammatory bowel dissases gensrally.

By way of some example, agents capable of inducing PDI-L1 are
known in the art. PL-L1 ig induced in humaen cellis by Type
interferons, such as IFN gamma {(Seung-Jin Les et al 2006, Dong et
al 2002). This pathway has besn succsssiully manipulated to

N

induce ¢r supress PD-L1 expression in human biliary epithelial

ENGS

1s with the use of microBNA-513: transfection of biliary

epithelial cells with an antisense oligonucleotide to MIRENA-513

induced FD-L1 expression (Gong et al 2009).

The analeog of viral dsRNA, polyinosinic-polveytidylico acid

Ty

Iy, up-regulates expression of B7-81 via activation of the
nuclear factor xBINF~-gB) in epitheliial cslls {Keiko Kan-o et al
2013y . Bimilariv, viral infecticons such as HIV are associated
with virally induced up-regulation of PD-L1 on APC (Trabattoni et

al 2003, Severl et al 2010},

Al=so, mycobacterial infecticons induce PD-L1 expression in APC

[Bakail et al 2010). This may be done by stimulation with

the mycobacterial proteiln product, such as protein purified

derivative of tuberculln {(PED), resulting in the up-regulaii
FD-LL on APC, most notably when the PPD was present in the

amorphous magnesium-substituted calcium phoesphate form.
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In some aspecis, the present invention relates fto an agent that
is capable of one or more of:

{a} up=~regulating the szpresssion of PD-L1; or

{b) activating PD-L1 protein: or

{c) inhibiting reprassion of PD-L1; ov

(i} othsrwise achtivating PD-L1 on antigen presenting cells

o¢f the intestinal lymphoid follicles for use in a method of
treating Crobhn®s dissase, or inflammatory bowel diszease in

genaral.

Al

In related aspects, the present invention provides
pharmacesutical composition which comprisss such an agsnt, wharsin

the ent is entrapped as a cargo material within an amorphous

magnesium-substituted calclum phosphate material of the present

invyention.

In one approach, the breatment described hersin may employ gens
tharapy to induce PL-L1 expressicn in the targst ceil: the gene

therapy as described elsewhsrs herein in detail. In

43}

S
empodimaents, this may involve a3 cargo material compriszing nucleic
acid encoeding PD-L1 being incorporated in thse svonthetic

magnesium-substituted calcium phosphate compositions of the

L]

present invention for delivery to farvget cells with low lavels ox

no PO-L1 expressicn.

In generval, therapy apprcachss according te this aspect of

the present invention will employ nuclelc aclid erncoding

biclogically active PD-L1 polypeptide to treat a patient who is

uniakle to syntheszize ths active polypeptide or unabls to

synthesize it at the normal level, thereby providing the

provided by wild-typs PD-L1 and treating Crchn’s diseass or
suppressing new outbresaks of this condition.

Vectorzs such as viral vectors have been used in the pricr art to

i
introducs genes into a wide of different target cells,

Typically the vectors are exposed to ths target celiszs zc that

By
e
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transfsction can

cells to provide a useful therapeutic or

the exp of the desired polypeptids.

i

ression

nuclieic acid may be permanenitly
cach of the targeted cells,

the

ssrnatively

A variety of wvactors, both viral

known in the art, zee U3

particular, a number of viruszses have been

vecters, including papovaviruses, such as

nerpesviruses, including H3V and EBY,
gene therapy protocols

retroviruses .

<
@B
0

the use of viral

cells

As an alternative to

of

introducing nucleic acid into
raloium phosphate co-precipitation,

microiniecticn, transfer mediated by

eptake and regeptor-mediated DNA transfer.

present invention provides a further means

nuclieic acid seguences toe the target cells

magnesivm-aubstituted calcium phosphate

herein.
the

A3 menticned above,

encoding the PD-L1 polypeptide, or an
the amount of

the

to increase

acid in cells in whic ilevel of the

polyvpeptide 13 abzent or present only at

In a second approach, the therapy may be an

prometer regions of ths PD-LI gsns such

the protein. In some enbodiments, this may

baing used as a cargo material incorporats

magnesium-substituted calolum phosphat

present invention. Activatcrs of

using methods of soreening

2

o

take place in a sufficlent proporticn of
prophyvlactic
The

providing long lasting effect,

treatment may have to be repeated pericdic

vaohors and
Patent MNo. 5,252,47
usad
SVAG,
and retroviruses.

in the prior art have

o el
includes
mechanical

lipczomes

using

comppositions

active
the exprassion product of ths
wild-t

raducsd

that

compositions
~L1 exnprs

cribed hersein.

PCT/GB2014/053291
the
efisct from

transfected

incorporated into the genome of

or
cally.
plasmid

vechors, arsa

S and WOQz/C7282, In

as gene transfier
vaccinia virus,
Many

ad murine

used disabl

cther known mathods

electroporation,

technigues such as
and direct DN
tha

PD-L1

addition,

deliv

I
ering
the amorphous

described

aim of gene therapy using nucleic acid

orticn thereof, is
nacleic
ype PD-L1

leve

agent that activates

it ois

invelve the agent
in the synthetic
of the

ssion may be found
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as thess

In a third approach, the treatment mayv involvs
are known to induce PD-LI. Examplez of MAMP: are given elsewhere
herein. Peptidoglvean, and peptidoglvcan fragments, may or may

B Rl { & e Rl N ¥ ¥

5 not be useful MAMPs for the reascns descridbed above., In soms

"

embodiments, thisz may invelve the MAMP belng used as a cargo

material incorporated in the synthetic magnesium-substituted

9]

it
calciuvm phosphate compositions of the present invention.

10 Irn a forth appreoach, the treatment may invoelve a cormpound or
mixture of compounds, 1n a soluble, collcoidal, nancparticulate or
microparticulate form, that induce PD-LL expression such as poly
IC and intervfercns or other cytokines, especially type T

interfercns. In some enbodiments, this may involve the compounds

(921

being uzed as a cargo material incorperated in the synthetie

fani

magnesium-substituted calcium phosphate compositicns of the

present invention,

Im a f£ifth approach, the treatment may invoeoive a biclogical agent

N

20 that induces PD-L1, such as a vizus or bachs or an attenuated

form thersof, mixturss and/or homogenates of such bioclcgical

agents such as PPD or nuclelc acid zeguences. In soms

:, this may invelve the biological agent beling used as

3 cargo material incorpeorated in the synthetic magnesium-—

)
{53

substituted calcium phosphate compositions of the present

invention.

In a sixth approach, The Lreatment may lnvelve a treatment to
inhibit the reprassion of PD-L1 expression in Crohn’s dissase,

30 the treatment optlcnally being the carge of the synthetic
magnesium substituted calcium phosphate. In some embodimentsa,
this may involve an agent capable of inhibiting the repression of
PL-LA expression bkelng used as a carge material incorporated in
the syanthetic magnesium-substituted calceium phosphate

compositicns of The present invention.

(e
(6]
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Tt will be apparent to these skilled in the art that these
approaches may be employed, alone or in any cowbination. Further
approaches for activating PR-LI may involve the use of one or
more chemokinas or cytokinss {e.g., interferconsz), microRNAs
5 {e.g., miR~-113}), peptides, proteins or glyooprobeins, antibodies,

enzvrmss, oligonuclectides and/or siRNAs or RNAL,

Hethods of Scresning for PO-L1 Activators
The present invention inciudes methods of scresning for agents
10 capakle of increasing the expression of PL-L1 for use in the

treatment or prevention of Crohn’s diseass. As explained herein,

it iz known that when PD-L1 iz present on antigen pressantling

cellsz, such aszs dendritic cells, 1t acts as a marker that

imstructs T-cells to be tolerant to the antigen being presented

o)
5

3 by that <ell. Withoul wishing to be bound by any particular
theory, the resuits in this application indicate that reducs

lavels or no expressicn ¢f 2D-L1 lszads to a failure to induce

tolerancs, and hence causes the inflammation that is at the

heart of Crohn’s dizease. The prasant inventors believe that the

N
<

reducsd expression of PD-LY 1s a therapeutic target for the
treatment or preventlon of Crohn’s disease sither by inducing

receive

expression of PL-D1 in the antigen presenting cells
luminal antigen. In one embodiment, this approach may use ths
properties of the amorphous magnesium-substituted calcium

5 phosphate nancoparticles in targeting such cellis in the gut o

deliver agents capables of restoring PD-L1 function or sxpression.

It will be well known toe thoss skilled in the art that to assess

o

whether a therapeutic agent dees indeed inorease co-stimulatory
30 molaecule exprassion, such as PD-L1 swpression, in intestinal
Iyamphoid follicles a number of approaches can be taken. Ons
approach will invelve resecting or biopsving the lymphoid
aggregate after treatment and compariang FD-L1 or other
sxprassicn, such as by immuncstaining of sections or ELISA or

35 gene expression analvsis of regions or extracisd cells of the

)

Tissus taksn. Results would be compared to sham treated or

lacebo treated cases or to samples taken at baseline. In the

W
=
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case of humans, specialist dyes mayv be used such that the

Lad for

intestinal lympholid aggregatss are betiar
purpoese of bhiopsy with endoscopy. Clearly, such technigques can
be applied to patients with Crohn's disease.

Accordingly, the present invention also includes methods for the

screening of candidate compounds to find PD-LI activators, e.q.

for identifying candidate agents that are capable of activating

PD~L1 sxpression oy probtein actlivity for subsequsnt use or

L

evelopment as agents for the treatment of inflammatcocry bowsl
iiseases, and Crohn’s dissase in particular. Convenlently, this

may be doene in an assay buffer to help the componsnts of the

N
53]

szay interact, and in a multiple well format o test a pluralicy

of candidate agents. The activity of PDL-L1 can then be

jof

etermined in the presence and absence of the one or morse
candidate compoundzs to determine whether a given candidate has

-

increased PD-L1 expression or PD-LI protein levels or activity.

(&

To understand which rscsptors are expressed that might be engaged

in the ftarget cells by a delivarsd cargo that up-regul

techniques may be smploved to search for the receptor expression,

Fad

inciuding immunostzining and measures of gens @xpressiocon.

(o]

Thereafter suitable carge that will engags the receptor and lead
toe PD-L1 expression can be attained through further screening

studies.

sy

way oFf exanmple, the suitable cargo molecules for use in this
aspect of the present invention may bs a known activator of PD-L1
or a newly identifisd cone. Combinatorial library techrnology
provides one efficient way of testing a potentially wvast number
of different zubstances for abllity to modulate activity of a

target protein such as FPD-L1. Such libraries and thelr uss are

known in the art. Following identificaticn of a candids agent

=

for further investigation, the agent in guestion may be tested 1o

h

determine whether it is noib lsthal to normal cells or otherwise
is suited to therapeutic use. Following these studies, and

others that confirm its choice for in vivo therapy, Lhe agent may

45
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be manufactured and/or used in the preparvation of a wmedicament,
pharmacsutical compozlition or dosage form.
In some embodiments, method of scresning for PD-L1 activators may

5 employ a cell-based assav comprising the steps of contacting

‘J

21ls which are capable of expressing FD-L1 with cne or more

candidate agents and determining whethery PD-L1 expression of

protein activity increasss in responss te a candidate agent. Ths
method may further comprise identifving candidate agent that

1C increase PD-L1 expreasion or protein activity. The prasant
appiication identifies suitable ¢ell types and phenctypes for use
in such methods ¢f scrsening. It iz well known in ths art that

from the epithelial laver and slsewhere in the gut signals are

daerived that endow local antigen presenting cslils {(APCs) with a
18 phenotype of tolerance induction when they themselves signal
{iiiev, 200%, 2009;, Rimcldi, 2485 Maheshwari, 2011). In vitro

conditions are known that can mimic thiz process. It is

therefors possible to take blood cells and to use a cockbs

chemicals, or indesed media from epithelial cell cult

20 called spithelial cell conditioned medium}, and induce this
telerance promoting phenctypse of APCs (Mann et al., 201%; den
Hartog et al., 2013; Zeuthen et al., 2008; Steinbrink, 1397}. It
i3 equally possible to break thiz tolerance promoting mrocess of
APCs, For example, with the addition of TNF alpha. And this may

25 mimic the procsss in Crohn’s dizease (Bamias, 2013},

In cne approach, candidate agents capable of up-regulating FD-LL
may be identified from ths pricy art. These agents can be

contactsad with conditicned APCs, both alons and as cargo

L
Oy

materials within the magnesium-substituted calcium phosphate
coppositions of the preszent dinvention. The conditionsed cslls
will be in thes presence or absence of TNFalpha and/cr othsr
tolerance braaking agents PD-L1 reguliation will be asssssed,
for example by quantitative RT-FCR, for gene up-ragulation and by
a5 antibody staining with flow cytometry for the protein.

Preferably, the candidalte agents identified az bsing capable of

enhancing PR-L1 sxpression will be abls to do so in spite of the

4
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use of agents such as TNFx to break the tolerance promoting

process of the APCs.

In a second appreach, a similar method may he carried out, but

APCs conditicned with medium from normal or Crohn®s disease

[63]
"
g

ial cells being derived

(&

pithelial cell culture, these e

from endoscoplc bilopsiss or at surgery. Freferably, the
candidate agents ldentified as being capakle of snhancing PD-L1
expression will ke able te do s0 in apite of the uze of media

10 conditioned by Crohn’s diseass epithelial cells.

In & third approach, numerous animal meodels sxist for Crohn’s
diseass. For example, one has been described by Adolph et al.
2013, Different models will bs screened by staining of Paver’s
15 patch ssctions for calcein and PD-L1. Models with similar low
PR-L1 expression in falceln positive Pesyer®s patceh APCs, to that

ised to ftest the candidate

—

sbserved 1n Crohn's diseasse, will be
agants for sultablillity as therapeutics. These could be applied
in or cut of the synthetic magnesium substitutad calcium

20 phosphate compesitions of the pressnt ipnvention and applied
orailly, with cor without enteric coeoating, or in perfusion or tiled
Loop experiments or in similar surgical experiments where the
potential therapeutic iz in contact with the Pever’s patches for

L or mors hours. The Paver’s patches can then be sgxeised at szome
25 time after the application of the potential therapsutic and
through stainlng for protein and/or in situe hybridization for

gene up-regulation, the change in PD-L1 sxpression aszessed.

T

Optionally, areas of the patch cor even diszssected single el

could be assessed by flow cytometric and/or gene analysis

30 technigues as described above,

5

In a fourth approach, in patients with Crohn’s diseasse, potential

therapsutics, optionally incorporatsd or not within the synthetic
magnesium-substituted nanomineral, could he applied orally or

ractally, with znteric coating as raguired to allow

A
o

release in the ileum and/or large intestine. The trsatment could

be applied for 1 day, prefsrably 3 days and most preferably a

47
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or moys and the intsstinal lymphoid aggregates could be

biopsied before and aftser treatment and the change in PI-LL

expression assessed as above.

It will bes ciear teo thoss in the art that all or some of the

above may be used to identify the optimal therapeutic that will

"Lt

induce PD-L1 appropriately dn APCs of the intsstinal Iymphoid

follicles of patients with Crohn’s disease.

Expasrimnental

Part I: Discovery of the endogencus assembly of BMCE
nanoparticles and the role in Peyer’s Pstches

Endogenocus nancmineral of the intestinal Iumen

Distal small intestinal contents, recovered from
pratlents, were air dried on plastic-coated stubs for scanning
electron microscopy {(SEM). Extensive numbers of sub-micron sized

particles were ldentified and thelr calcium phosphate-rich
&

lemental composition confirmed by X-rav microanalyzsis (XRMA).

i

M indicated that the particles ware

High magnification SED

generally agglomerates of smaller, nanoparticulate structures.

To better mimic 1o situ dispersion, whols cross-sactions of non-
aguecus resin embedded murine distal small bowsl were then
studied and transmission EM {TEM) used tTo provide greater
resclution. A high density of relatively electron dense
nancparticlies was visible and thess were again calcium and

phosphorus rich by analvsis. High power TEM imaging showed that

these particles were porcuz and sslected area slechtron
diffraction confilrmed that they were not crystalline, in contrast
te biologlcal apatite or cctacalclum pentophosphats which are

more typically associated with bicleogical svstems.

Paver’'s Patch M-cells transport the endogenous nanomineral

To determine whether these endogenously formed nanominerals of
the gut lumen were transported by M-cells of the Pesyer’s patch
egpitheliium, TEM analysis of murine-derived thin-ssctions was

carrisd out. MNon-aguecus resin was used to preserve the in situ
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-

particle structure whilst M-cells were identified by their well

described stunted, or lack of, surface microvilli in contrast to

nelghbeouring enterocytes, With this strategy, numerous disperse
nanomineral structures within the M-cells were identified with

3 size, shape, amorphous atructure and X-ray elemental compositien
identical to those characterised in the gut lumen. On rare
occasicns, one or two such particles at the M csll-enterocoyvte
interface ware cbzerved, but found no evidence of thess
particulates within the regular enteroscytes: instead they

peared restriotad to, and in abundancs, within cells with

am
typical M-cell fzatures.
Endogenous mineral in antigen presenting cells of the Peyer’'s
patceh

i5 ~cells appear te have little capacity for antigen processing

but, rather, pass on Luninal molscules to underlving lomune
cells. Altheough the epndogenous nanomineral was identified by TEM
te be within ¥-cells in a disperss faszhion, nancparticulate
clusters can be obsszrved by light microscopy when accrued in

20 vesicular {i.e. lvsosomal) compartments of APUs. Thus, frozen

sacticonzs of both human and murine Pevyer’s patches were studied,

and mediflied Von Kossa staining for mineralliszed phoaphats
revealed large numbsrs of positive cells within the deepsr sub-
epithelial dome. ¥Flucrescsaot calceln staining, for minsraliised

25 calcium, confirmsad these cbzservations. A detecior for back
scattered slsctrons fitted to the SEM allcowed the ldentification
of electron dense regions in the same sub-epithelial doms area
that were, again, calclum and phosphorus rich by X-ray

microanalysis, Both human and nmurine tissus samples were

3G similarly positive for these features,
Common antibody~based fluorescent markers were used to confirm an
APC phenotype of these mineral-positive cells in murine and human
Peyer’s patches. As artefactual cell antigen staining can ocouy
35 with these cells, presumably throuvgh adsorption of the stain to

the intraceilular mineral, care was taken to ensurs that, for

phenotyping, all stains showed cellular distributions typical of

a2
W
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the anticipated antigen location and not simply co-incidental
with the 1lular areasz rich in mineral. In addition to the
nuclear stain, double staining, namsly calcein for the mineral

rlus one phenotvaic marker, was used at a time. The majority of

human and murine calcein’ cells were rongly positive
Collc and HLA-DR with a distinch sub-population thab were CDEEHYY,

neral) menocoyis markey, CDL4, was absent while thiz and

the positive antigens noted above warse all confirmed in specific
positive~contrel tissues that contained cells expressing these
markers {see Methods). Thus, owverall, thes phenotype of the
minesral-pesitive celis of the Pever’s patch sub-epithelial dome

was consistent with mononuclear APC residing in that zone.

Individual intracelliular vssiclea, containing the calcein’ minera
could be discernsd within the sub-epitheliial dome APCs. In this
region, TEM imaging of non-agueocus resin embeddsd thin ssotions
demenstrared individual nanomineral morphology identical teo
luminal and epithelial M-cell particliss. Similarities by imaging
were confirmed analytically for Ca, Mg and P content, using
standard less slemental guantification of X-ray micrcanalysis
apectra from similar thin sections of Per’s patches and luminal

contents.,

In Situ Scanning TEM (STEM) characterisation and 3D
nanctomography

of the nanoparticulate mineralised calcium were often
chserved 1n the sub epithelial dome APCs, perhaps explained by
adhesicn te internal vesicle membranes which iz well known for

nancminerals in cell lysosomes. A region from such a clustsr was

'.~

imaged using high angle annular dark field {HAADF) 3TBEM to snable
sufficient contrast with unstained non-aguecus-resin-embedded
specimens. A HAADF-3TEM tilt series was recordsd and usad to

reconstruct a 3-0 model.

The endogencus nanomineral traps and transports luminal bacterial
Fraguents and dietary antigsn
The homogesnous formation of abundant, porous luminal calaium

50
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phosphate nanomineral and its marked transport across M-gellis
into Pever’s patch APUs, lsad us te guestion funciion. Calcium
chosphates excel at trapping crganic molecules and, under certain
circumstances, senter cells with thelr bound material. Hers,
therefore, a constitutive “carge ship” function of the andogenous
nanomineral was considered whereby soluble, luminal organic
macromolaecnlies could be trapped and then transported to gut APCs.
To test whether orally delivered distaryv profein antigen might
cross the Paysrfs patch spithelium asscocliated with ths
endogenously formed nanomineral, BALB/c mice ware fed with Texas
Red®-1labsiled ovalbunin. The protsin detected in Pever’s pabtchss
was almost solely compartmentalised with nanomineral-positive
cells of the sub-epltheiial doms. Since 1t remained possibls

That ovaibumin and the flucrochrome were cleaved during

digestion, only the latter bsing asscclataed with the nanomineral,

the Pever®s patch zsecticns for ovalbumin were also dirsctly

solution with confocal microscopy, olisar

co-localisation was again observed., Additionally, there were

{2

loss bhut separated intracellular ocalcein and proitsin zignals, as
would be expected 1f the nanomineral dissolves intra-lysosomally

first unmasking, and then relisasing its cargo.

MAMPs, such as peptideglycan, are present ubliguitously in the
lumen of the distal gastrointestinal tract, including the 1ileun,
due to the turnover of commsnsal bacterial flora. Feptidoglivean

has been identified in human and wurine apical aspectz of the gut

1)

mucosa by antibody 289, which recognises conly degraded/E

peptidoglyecan and not that present in whole bacteria.

ry

=1

xperiments using ZE® antibody experimesnts showed that, zimilar

r1

0 dietary derived ovalbumin, peptidoglycan was compartmsntalised
with the nanomineral of the APCs, again in terms of inssparable
fiuorescent asignals and alsc az szeparate but clozely adiacent
signals. We confirmed that, Jjust as for the Pever’s patch, AMCE
nanomineral was also chserved in caecal patch sub-epitheiial
immune cells. Collscotively these data indicate that the

sndogenous Intestinal AMCP nancomineral forms in the lumen and

{n
ot
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enters APCs of intestinal lmmune-inductive sites, namely the
caecal and Peyer’s patches, predominantly via epithslial M

cells’, see Figure 11A. The intestinal immune vesponse to

orally~de sread pro involves cooperation between Pever’s
patches and mesenteric lymph nodss. In particular, migration of
APCs to the mesentsric lymph nodes implies functional activity
{i.e. antigen presentation) and we confirmed that mssenteric
lymph nodes in mice had sigpificant numbers of AMCP nancminsral+

cells {Figure 11B}.

Digcussion

Although enpumeration of endogencus nanomineral particles in the
human gastrointestinal lumen exceeds current analvtical
capablility, thess cbservaticons on human and murine small
intestinal contents suggest that these oocur in encrmous numbers.

)

For example, 1Ff median {Cal and [P] are 4.2 mM and 10 oM

respectively, in 1L/24h of succus entericus (intestinal icel of

the humarn ilsum, and a third precipitates at mean £:10 molazx
ratic (¥P: {(Ca+Mg) since Mg subszstitutes for Ca) to form, on
average, 100 nm diameter spherical amgrphous particles {(with P
packing density similar te that in octacalcium phosphate ) with a
50% void volume {porosity) then it is estimated that ~ 2.10Y
particles will be present. It is likely that this nanomineral

1 ot been previously observed/characterised because the

e
o
923
.
]
O
{

zarticles are small and processing technigues for analysis must
Je

-

be carefully controlled to avolid aguecus dagradation.
There are several notable and unusual featuresz to this
nancmineral . First, it remains as discrete {(disperse), self-
assembied nancparticlies. Whilist the formaticn of sndogenous
nanominerals is well known (s.g. ferrihydrite in the ferritin
molecule core, or biclogical.apatite as the primary crystallite
structure of bon these are templated by corganic substrates. In
contrast, ectopic self-assembled mineralisation normally invelves
uncontrelled precipitation and aggregation of the particles.
Secondly, the minimuwn lcon activity product required to form

amorphous calcium phosphate, in preference to more crvyvatalline

52
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calcium phosphates, 1s generally too high in vivo, and so
Biclogical amorphcous calolum phosphate is rare. In humans
evidaence for the cccurrence of amorphous calcium phosphate in

bone, for smample, ls poor, although it may play a transient role

in initiation of matrix vesicle binmineralisatiocn. EBEvsn then,
amorphous calcium phosphate, being the least stable of the
raloium phosphate phases, rapidly converts o cgtacaloium
rhosphats and cnwards te apatitic-type structures. In the gut,
however, the calcium phosphate nancmineral appears stable in
amovrphous form from the lumsn right through to delivery to the
mnucozal immune cellis and iz presumably stabilized by the

relatively high Mg content and substantial crganic cargo.

Fal

Importantly, az the most readily sclubls form of calicium

“

phosphate, lyscaomal conditions would allow rapid dissclution of

~he endogencus nanomineral and release of the organic cargo

fa)

derived from the guot lumsn. Indeed, & third unigue property
these endogenousiy formed nanominerals is thelr sxztensive

poresity and their notable functional capacity to trap luminal

moliecules and dell them to Pever’s patch APCs via the M-cell

portal,

These experiments ildentified peptidogivean and dietary protein
antigen sz two targets for trapping and ilmmune cell-delivery by
the amorphous calclum phosphate nanoparticles, and osther
meolecules could similariy be emploved as cargo molecules, and,
for ezample be chaperoned to Peyver’s patch APCs. The
gastrointestinal lmmune system has an apparsnt array of

mechanisms to sample luminal material and generate appropriate

{tolercgenic as the default) immune responses. This work shows
that amorphous calcium phosphate nanoparticles that Trap Cargo

melecules such as luminal antigens and micro

(MAMPs), with dslivery acros

melecular patt
epithelial APCs, may form an important part of these gut’s immuns
surveillance and tolerance network. Indesd, the brush border

enzyme network may destroy free or particle-adsorbed MAMPz and

antigens so that only nanomineral-inceorporated organic molecuies

on
Ll
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can safely traverse the Pever’s patch apical mucosa to underlying

immune cells.

Overall, these aspects of the preszent invention provide new
insights into the interplay between nutrition, gut physiology and

the mucogal immune system mediated by self-assembled endogenous

i

nanoparticles. In particular they suggest answers for {(a) why
the Pever’s patch has such a remarkable ability for ths uptaks of

non-biological nanoparticles in the ~20-Z30 nm rangs (L) how,

under constitutive conditions, luminal antigsn and MAMPs can
reach APCs of the deeper, sub-epithelial dome without pricr
enzymatic degradation cor engaging spithelial responsss {C) why

there are ‘cbligatory’ sendogenous calcium losses into the gut

lumsn.

Part IT1: The development of synthetic mimetics of ACP
nangparticles, their characterisation and use as carriexs of
CATFO

Based on the abgove findings in Part I that in the
gastreinteatinal tract, calcium icns and phosphate ions
precipitate and form nanoparticles that trap organic molecules
pregent in the lumsn for delivery to gut mucosal immunse cells,

the present inventors carried out experiments to produce

of sndogencus intestinal calclum phosphate

gynthetic mims
nancparticles and to determine whether they were stabkle and

capable of acting as carriers of cargo moleculies.

Example 1: Synthesis of dmorphous Calcium Phosphate {(AMCER}
particies

Synthetic Amorphous Calclum Phosphate {“ACPY) particles were
prepared using a meodified protocol of Boskey and FPosner {(Bosksay
and Posner, 1974). The modification consisted of the addition of
magnesium (Mg?') and/or by carrving out the synthesis in the
presence oL a range of molecules capable of becoming trapped

inside the MMCP particles to enhance phase stability. The

synthesis process for leaded and unicaded AMCEF particiss was

based on the rapid addition of a phosphate {(PQs) solution to a
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3

red at alkalins pH {(typlically pH 8 or

calcium solution bpoth buffs

9 and Tris buffered), Initiallv, an amorvphous icium phosphate

{ACP} phase 1z formed that tends TLo convert Lo more cryatalliine
phasses,. The converslon process can be prevented, or at lesast
5 inhibived, by the addition of Mg? ions and/or by carrying out ths

synthesis in the presaence of a wide range of molecules capable of

becoming trappsd inside the AMCEF particles.

By way of illustration, 18.1L g Trizma-base $3H1:N0O: was disaoclived
10 in iL ultra-pure water to make a 0.15M solution of TRIS buffer
The pH was adiusted to pH 8 by drop-wize additicon of hydrochlo

o3

acid {(TRIS-ECL). Sclution A was prepared by adding 2.5 g

Call, 2HeO to 500 mis TRIS-HCL buffer containing 0.73 g of

e =

MgTl,.2H:C and the pH adiusted to pH 8. Soluticn B was prepared
Q) £ . 5 i

(92

by adding 2.6 g (NH;}ZHPO, to 506 mls TRIS~HCI buffsr and the pH
adijusted to pH €. Egual amounts of solution & and B were the
mixed togsther (v/v) and rotated for an hour at room bLemperature,
After an hour, ths resulting particles were washed twice in pd 10
water and cnce in acetons, Particles ware then dried overnight
20 at 50°C and weighed. On average 2.19 mg + $.14 {(n = 4} of dried

AMCP powder was rvecoverad psr ml of particle preparation.

Example Z: Bynthesis of Amcrphous Caicium Phosphate {BMUR)

particles containing a protein

B
53

ACP particles were preparsad as described in Example 1 with the
modification that protein as sxemplifisd by bovine zerum albumin
{B3SA)Y or avidin was added to scoluticn & to vield I mg/ml. BEgual
amcunts of solution A and B were than mixed together (v/v}) and

rotated for an hour at room temperature. After an hour, the

30 resulting particles wsere washed twice in pH 10 water and the
rezulting pellet of particles dissolved in citric acid buffer (10

wd, R 3). The level of proteln incorpeorated into the particlas

was measured by the Bradford protsin assay. On cccasions,

sT)
Q.

particles were also dried overnight at 50°C and powders weighs
+

ta]

(o8]
(611

-~

in = 4, after twe washez 1n acetons). On average Z242.9% u
7,77 {nno= B} BSA or 157,76 ug avidin {(n = 1} was present in 2.39

nmg + 0.14 BRCP powdear {n = 4},
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Example 3: Synthesis of Amcrphoups Calcoium Phosphate [(AMIP)
particies containing a protein and a crude Pbacterial motif

BMOCP particles were prepared as dezcribed in Example 1 with the
medification that BSA and dyed (Femazcel Blus Brilliant; Zhou et
al, 1988} crude peptidoglycan from §. Aureus were added to
aolution A to vield I mg/ml and 1080 ug/ml, respectively. Bqual
amounts of solution & and B were then mixed together (v/v) and
rotated for an hour at room tempsarature After an hour, ths
resulting particles were washed twice in pH 10 water. The
resulting pellet of particles was dissolved in citric acld buffer
for gquantification purposes and the level of protein incorporated
into the particles was measured by the Bradford protein assay
while the amount of dyed peptidoglycan was read at 595 nm. On

=

average 270.5 nug £ 13.33

’
{

(nn =3} BSA and 45.20 % 0.%% ug (n = 4)

crude Pg were present in 1.98 mg ACP powder {(n = 1).

Example 4: Synthesis of Amorphous Calcium Phosphats (BMOP)
particles containing a protein and & scluble bacterial motif
BMCP particles ware prepared as described in example 1 with the
modification that BSAR and soluble peptidoglyean from E, Coli were
added to selution A to yvield I mg/ml and 100 pg/ml, respectively.
Baual amounts of solution A and B were then mized together {v/v)
and rotated for an hour at room temperature. After an hour, ths
resuliting particles were washed twice in pH 10. The resuliting
pelist of particles was dissclved in citric acid buffer for
guantification purposss and the level of protein incorporated

inte the particles was measured by the Bradford protein aszsay

while the amount of zoluble peptidoglycan was assessed by the
adapted FPeriodic Schiff Assay (Jugdachsingh R, 1993). 0On average
232.% ug *+ 14.62 {(n = 5} BSA and 2%.47+ 12.83 ug {(n = 8} soluble

Py were presant in AMCP particles,

Example 5: Synthesis of Amorphous Calcium Phosphate (AMCP)
particles containing a protein and a sciluble complex

polysaccharide

[
(o3



N

e

Xy
wn

{ad

(€3]

WO 2015/067939 PCT/GB2014/053291

AMCP particles were prepared as described in Example 1 h the
modification that BSA and soluble starch were added teo solution A
to yield 1 mg/ml and 100 ug/ml, respsctively. Egual amounts ofF
solution A and B were then mixed togsther (v/v) and rotated for
an hour at room temperaturs. After an hour, the resulting
particles were waszhed twice in pH 10. The resulting pelliet of
particles was dissolved in citric acid buffer for guantification

purposes and the amount cf scoluble starch incorperated inte the

particles was assesssd by the adapted Periodic Schiff Assay
(Jugdaochsingh R, 19%%}) and fcound to be 45.9%% ug (n = 1}.

Example &: Synthesis of Amorphous Calcium Phosphate (AMIR)
particles containing & protein and an ismunogen

BMUP particles ware prepared as described in Exampls 1 with the
modificaticon that BSA was added to soluticon & to vield 1 mg/ml
while Preotein Purified Derivatives (PPD from M. Tuberculosis) was

addad to solution B to yisld 200 pg/mi. Egqual amcunts of

con A and B were then mixed togsther (v/v) and rotated for

an hour at room temperature. After an hour, the resulting
particles were washed twice in pH 10. The resuliting pellst of
varticles was dissolved in citric acid buffer for guantification
purposes. Levels of proteins incorporated into the particles
were measured by the Bradford protein assay and by the PAS assav.

On average 1858.9 ug £ 24.54 {n = 4} BSA and 5i.61 £ 20.07 ug (n =

(

3) EPD wers present in ACP particles.

Exawple 7: Synthesis of Awmorphous Calcium Phosphate [(AMIPR)
particies containing protein and a cyvtokine

AMCP particles were prepared as described in Example 1 with the
modification that BSA was added to solution & to vield 1 mg/mi
while Thymic Btromic Lymphopolstin {TSLP} was added to sclution B
Lo yield 100 or 1 ng/mi. Egual amcunts of solution & and B were
then mixed together {(v/v) and rotated for an hour at room
temperature. After an hour, the rezulting particles were washed
twice in pH 10 water. The resulting pellet of particles was
dissolved in citric acid buffer for guantification purposss and

the levsl cf TSLP incorporated into the particles was measured by

-
~ 7
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an ELISA specific for TSLP and found to be 1.38 ng {(n = 1) and

H

25.73 pg (n = 1), raspectively.

Example 8: Synthesis of Awmcrphous Calcium Phosphate (AMCE)
perticles containing iron oxide-containing particies and protein
cr “AMCR/RSA/Fa”

AMCP particlies ware prepared as described in Ezample 2 with the

modification that the sclution of Ca®/Mg?'/B3A was additionally

mixed with 100ug/ml iron oxide solution. The resulting solution
was then mixed with an sgual volume of POs solution to allow

particles precipitation.

Structural charactexisation of syanthetic calciuvm phosphate

particles
Synthetic calcium phosphate particles prepared in the abssnce

{i.=, AMCE/BSA} or pressnce of amall iron oxide nancoparticles
{i.e. AMCP/B3A/Fe) were fixed in the nen-aguenus reain ‘Quetol
6517 and sections cut to 70 nm thicknesses. Tomography
experiments based on high-angle annular dark-field {(HAADF)
imaging in the scanning transmission electron microscopy {(3TEM)
mode were performed at Z200kV on a FEI Tecnai F20 electron
microscops tilting the sample from ~42° to +70° at 2° intervals
about a single axis using a Filschione 2020 ultra-high-tilt
tomography holder. Tilt series were aligned and reconstructed

using Inspacti3D software and AMIRA software was used for

vizualization.

guantification of the crganic fraction contained within ths

synthetic calcium phosphate particies

Following synthesis, particles containing cargo molecules such as
BSA or sPg {alone or in conjunction) were centrifuged at 1,500

rpe (5 mins) and supernatants collected. Next, particles were
washed twice in pH 10 water. Then, for guantification purposes,
particies were dissclved in 100 mM citric acid buffer (pHE 3) to

release the organic material. Total protein content was measured

using the Bradford protein assay (as per manufacturer's protocol,
Bio-Rad Laboratories, UK} while Pg matter was guantified using a
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o

modified Perlcodic Acid Schiff assay (PAS; Jugdeaohsingh R et al,
1299y, This assay relies on the formation of a purpls complax

whoze absorpance is proporticonal to the amount of polvsaccharidsas

in soluticn. Samples and standards {100 pi) were first incubated

with 92 mM zodium pericdate in 0.5% M suiphuric acid (10 ul/lwell,

{613

e

37°C for 30 min with cocasional shaking) and then with 2.7 3
sodium arsenite in $.68 M HIL (20 ul/well) at room temperature on
i)

8 plate shaker (40 mins). Followling the addition of Schiff’s

il

reagent {50 ul/ws ; Merck KGak, Germany) and & further 30 minsz

10 incupation at 37°C, the plate was read at 540 nm. Concentraticn
of polysaccharides were determined against a standard curve
soluble Pg (0-250 wg/ml) and preparved in the lyzsate of AMCP/RBSA

particles to account for sample matrix.

i5 Bize measursment

Manoparticle Tracking Adnalysis was performed on a Nanosight NSHOO

(Manczight, Ameshury, UK} using NTAZ2.2 Analviical Scfiware. For
sach experiment samples were measured in technical triplicates

e

(o)
L]
0
[0

-ach} and results averaged. Data are shown as mean of

20 three independent expsriments,

Determination of slewental composition
Synthetic calcium phosphate particles were dissclved in 5 % HNO3Z

{Sigma-Aldrich Company Ltd., Borset, UK) prior te ICP-0HS

3]

analysis. Samples wsare analysed using the JY2000 ICP-0ES (Horiba
Jobin Yvon Ltd., Stanmore, UK} and Ca and P were detacted at
394.847 nm and 177.440 nm, respsctively. Quantification was
rerformed using sexternal standards (Calibration Standard
Scluticonps 1000 pom, Fisher Scientific UK Ltd, Leicestershire, UK;
30 0.5-50 ppm) . Total Ca and P were cobtained from particle
suspensions collected after synthesis or after dilution in TCM
while alicuots of particle suspenszions were ultra-filtered [(MWCO
3 kba, 10 min, 12.000 zpm) to determine the soluble Ca and P
fracticons. Background cgorrection was performed using the Ca and

P valuss obtainad from D10 {(i.=. the TCM) that had been subjected

o5

Lo the same trsatment as particle suspsnsiocons. The elamsntal

particulate fraction was then calculated az the difference

54
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batwesn total and soluble elemental composition.

Cell iscolation
Laukocyte cones (n=7) were purchassd from the National Blood

Service, (Uambridge, UK, and periphsral blcood mononuclear cells

[$2]

1

(PBMC} isclated by density centrifugation with Lymphoprep {(Axis

ct

Shielid Diagrnostics Ltd, bBundese, Scotliand) as separating medium.

Briefly, blood was diluted with HBSE {Sigma-Aldrich) and 25 ml of
diiuted blood carefully lavered over 10 ml Lymphoprep. Aafter 20

1 min centrifugation {800 x g, brake off) the resulting laver of
(Rl

moncnuclear cells was collacted, three times washed in HBES83, and

then re-suspended in RLI0 {(RPMI-1640 medium (Sigma-2ldrich)y,

supplementad with 10 % heat inactivated fetal calf zerum {PAA
Laboratories Ltd., Dorset, UK}, 100 U/ml penicillin, 100 ug/mi

i5 streptomycin, and 2 oM L-glutamine {all Sigma-Aldrich}} at a
concentration of 5.106 cells/ml for further enrichment of

moenoecytes.

To this end, & second density centrifugation was performed as

11

+

Q

20 described by Martinez. In brief, the density medium Perc
{(Sigma-Aldrich) was osmclarised te 285 mOszm by mixing 9%9.25 parts
of Percoll with £.7% parts of 10x DPBS {(with calcium and
magnesium; Sigma-Aldrich), and was then diluted to 46 % {(v/v) in
B10, The PRMC suspansion was carefully lavered over an egqual

25 volume of 4¢ % solutiocn of 285 mOsm Pearooll. After 30 min
centrifugation (400 x g, brake cff) the resulting laver of PARMC

enriched in monocytes was coilected, three times washed in HBSS

P
N

and fivally re-suspended at 1.1086 celisi/ml in RIO. Monoovyte-
enviched PBMC routinely showed a viability of 2 95 % as
30 determined by trypan blue (Sigma-Aldrich} exclusion assay {and

AN

o

jon
(8]
o

onsiste of CDld+ monocvies as measured by fiow

\ﬂ
0]

i

cybomstry?) .

Call stimulation

stimulaticn of monccyte-enriched PBMC were perfocrmed

[€%)
(3]

15 m} Falcon tubss {Stariab UX Ltd, Milten Feynes, UK)

~ - [ o
ls/ml and at 37 ¢/ B % 02, Py

nly isolated

a0
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monooyte~enriched PEMU were rested overnight following which they

warse replenished with fresh tissue culture medium {(namsly DIg:
DMEM {Sigma-Aldrich) supplemented with 10 % heat-inactivated

gzerum, 100 U/ml peniclliin, 100 pg/ml streptomycoin, and 2 mM L-

h]

glutamine). 5.10°% cells werse then stimulated for 3 hrs with

vehicle D10 as negative control or with 4.4 ug/mi scluble
peptidoglycan {from Escherichia coli: Source BioSaoience pleo,
Nottingham, UK) either in scluble {3Pg) or particulats
{BMCP/B52/sPg) form. This was achieved by preparing 40 ug/ml sPg
in D10, or synthesising AMCE/BSA/sPg particles with 50 pg/ml sPg
{to account for sPg losses during particle washes), and adding
125 wl stimulant per ml of cell suspension. After 3 hrs
atimalants were removed and cells washed twice in HESE hefors
they were lysed with RNucleic Acid Purification Seolution (Life

Technologies Ltd, Paisley, UK} and cell lvsatass storad at -80 °C

pricr to RNA isclation,

RNA extraction

no

ied using an Akl Prism 6100 Nucleic Aci

Total RNA was purif

Prepitation {Applied Bilcaystems, UK) following manufacturer’s

instructicns and including 2 wash stap with AbsolutzRNA wash
solution {Applisd Bicosystems), again as per manufacturer’s
instructicns. <Concentration and purity of eluted ENA wers
determined on a NanoDrop ND-1000 Spectrophotometer {(Labtect
Internaticnal Ltd, UK). On oocasiong and to incrsase nucisctide
concentration, a second purification procedure was performed
using RMeasy MinEloteTM Claanup Kit {Qiagen Ltd, Manchester, UK}
accprding to manufacturer’s instructions. Samples were stored art

~#0°C until further microarray processing.

Microarray processing

Total BNA (100 ng) was labeslled using an Ambion WD exprassicn kit
{Life Techno ies, Bleiswiik, The Netherlands} and hybridized to
human whole genome Genechip Human Gene 1.1 38T arrays codiag
19,722 genes, (Rffymetrix, Santa Clara, CA). Sample labelling,
hybridization to chips and image scanning was performsed according

to manufacturer's instructions.
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Microcarray data analysis

Microarray analysis was performed using MADMAY pipelinse for
statistical analysis of microearvay data. For further analysis a
custom annotation was used based on reorganized ocligonucleotids

probes, which combine all individual probes for a gene., Only

genes that had at least five probes present on the array were

taken oo aceount.  Expression values were calculated using

robust multichip average {(RMA) method, which includes guantile

noermalisation. Microarray data were filtered, and probe sets

with expression values higher than 20 on more than four arrays

%

er

&

nsidered to be expressad and selectad for further

Cor
istical analysis. In addition, an In

O]
ot
u
pars

Quartile Rangs {IQR)
cut-off of 0.25 was used to filter out genes that showed little
variation betwesn the conditicons. Significant differences in

axpression werse assessed using paired Intensitv-Based Moderated

T-gtatistic (IBMT [D]1). Genses were definsd azs significantly

changed when the p wvalue was <0.01.

To assess similarity of gene re

'-Q

ulation by peptidoglycan in
soiuble and particulate form cnly genes that were significantly
changed by at least ons of the two treatments were considered.
For these, the average signal log ratiocs (S8LE; logarithmic fold
change) of each stimulant compared to control treatment were
caloulated and visualised in a correlaticn plot {where each dot
represents a single genel. [The iine of perfect correlation was
overlald on the data and borders corresponding to twofold up- and
down-regulation calculated by adding +1 or ~1 to each point of

the line of perfect correlation.]

Results

Svnthetic mimetics gensrate porous amorphous calcium phosphate
nanoparticles

Calcium phosphate that were synthesised using a modified protocol
from Boskey produced homogenous nancparticles in the same sizs
range to thelr in vivo intestinal counterparts {(Filgure 1A) and

comprised predominantly calcium, phosphorus and magnesium

62
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I18y. Consistent with cur priocr in vivo findings, analysis by
high angise annular dark field scanning transmiszsion electron
micrascopy (HARDP-STEM; Figure 1C~E), and then 3D-reconstruction
of protein-loaded synthetic AMIP clusters (Figure 1F-I) confirmed

2

5 the porous naturs of the particles (pore average size of 1-3 nm).

Synthetic mimetics template around inorganic and crganic

copponsnts

The rasults showsd that porosity was in part owaed to the
10 particles templating around inorganic and crganic components that
were present in the mother sclutionsz (e.g. iron oxide

nanoparticies, proteins and/or bacterial componentsa). Indeed,

when ayntl i mimetics were prepared in the presence of iron
oxldes manoparticles, TEM showed synthetic amorphous calcolum

15 phosphate nancparticles with small nanc-iron particles
incorporated throughout {(Flgure 23a). Scanning transmission

electron microscope {(STEM) tomographic reconstruction of a

icle

synthetic amcrphous caloium phosphate nano-ircn part
additionally confirmed the uniform internal and external

20 distribution ¢f the smaller nanc-iron particlies (Figure ZB-D).
Overall, synthetic mimetics were found to incorporate 50-70 % of

added organic material {Flgure 2E;).

In further exparimsnts, cargo molecules including Muramyl

25 dipeptide {(MDP), Lipopolysaccharidss (LPS), Poly I:0 and Retincic
aci {PA) have been shown fo be incorporated in synthetic AMCP
nanoparticles according to the presant invention.

Synthetic nimetics remain stable wuwnder cell culiture conditions

340 Having successfully genevated mimetics for intestinal endogenous

avances/function

nanomineral, and Lo further undsrstand thelr rs
in viveo, ws first verified whethsr amorphous calcium phosphate
nancparticles kept theilr structural and chemical properties when

2

tested in cell culture conditions. As shown in Figure 3, mimsiic

[€V)
&n

calelum phosphate in the presence of thelr carge kept their Ca to

P ratic and their average size of 7lnm.

¥y
L
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Synthetic mimetics are a silent antigen delivery platform
Investigaticons were tThen carried ocut to investligate whether thsase
particies were well taken up by primary immuns cells and whather
thelir uptake would modulate the immune responses to the cargo
carrisd therein. Incubation with synthetic mimetics proved safe

s no cell death ensued. Secondly and as shown in Figure 4,

)
Pz

these nanoparticies (Figure 4B, calcein) were efficiently taksn
up by nmonocytes (Figure 48, CDI4) and tranzported to lysosomal

compartments (Figure 48, CDICTY and overlay}. Furthermors, it was

interesting to notice that while uptake of particles containing

o

. Pl seemed greatsr {FPigure 4A}, the

s

pactsrial components {i.
particles per ze did not change the gene expression profile
obtained when the szame dose of peptidoglyvcan was dellivarsd on its
owrn: {Figure 4C}. Figure 10 shows the average logZ expression
valuss of gsnss, after 3 hour exposurs to synthetic AMIPE,
correlated against those of vehicle control treatment (n=7).

Thiszs demonstrates that cells challenged with protsin~loaded

synthetic AMCP nancparticles displaved a similar transcriptomic
*signaturs’ to that of unchallengsd (control) cells. Theoretical
Line of perfect correlation is shown in black while the borxders
correaponding te twofold up~ and down-regulation are shown in
red, In summary, synthetic mimetics of the endogenous intestinal
calcium phosphate nanominerals proved to be a safe and suitable
platform for antigen deiivery, and uniike cother calcocium

phosphates, deliver their cargo in a silent/inert fashion.

Part IXY: Celiunlar properties of amorphous calciuvm phosphats
nanoparticles

Reduced antigen specific CD4 T-cell responses to antigen~
lipopolysaccharide co-delivered by intestinal amorphous calcium

phosphate nanoparticie mimetios

This data demonstr: the inhibition of antigen spscific 7T
rezponsss by particulate carrviage of MAMP is not restricted to
that of peptidoglycan and additionally includes

lipopolyzaccharides co-deliversed with T cell antigsn by the

O
{
i

amorphous magnesium-substlituted calcium phosphate materials

the present invention {(Figure 5).

oN
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studied. This was also true for
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o ey
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5 did not sesm to significantliy modulate

the IL-103 level {(Figurs 7A), these howsver
of the anti-inflammatory IL-10

nstrate that synthetic mimstics of the

sphate nanomineral do not activats the

able
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are to deliver their cargo to the

responses to Pg bubt may rather

ory signals, means that the

calcoium phosphate (AMOP)

egent invention have the property of not

the antigsn presentation of the cargo

oh have taken up the nanoparticles. This

noparticles may be used ag a delivery agent

that in an

by

substantially does net result

the AMCP nanoparticlss themselves.

FPaxt IV: The Role of PL~LI Expyression in Crobhn’s Disease

Methods

snap frozern

were purchased from a

appropriate ethics in
e

section margins of

human ileal
Tisaue

wilace.

patients

with Ileal carcinoid tumours,

tissue seactlions containing Pever’s patch

oank (Ti LK)

b

the

ssue Solutions,

Control samples wers from

with tumours or ulcerative colitis

with adsnccarcinoma of

()
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colon, 1 with malignant melanoma of the small intestine and 2

with ulcerative

A
s

litis). The Crohn's dizsase samples were from

i
Fhy
15]

patients with Jdif ent Crohn’s diseaze anatomical locations (3

ileal, 1 ileocascal, 2 with both ileal and large bowel
invelvement and 1 coclenic oply). Sectlon staining and confocal

imaging were undertaken in pairs {ov multiples therecof) such that

one Crohn’s section waz always accompanisd by one non-Crohn’ s

secgtion with identical treatments to both. Hence, all samples

were eqgually secticned and co-stalned.

ca CM3C6505) at 14 um and

gt

Peyer’s patches were cryo-sechicned (
collectaed orn SuperFrost® slides (Thermo Scilentific, USA} and
allowed to alr dyy for 30 wmin at room temperature.

After fixaticn in 4% formaldehvds (4 "C, 15 min), human sections
were washed with Tris buffered salins {pH €.0) and incubated with
mouse anti-Human PD-L1 [ (MIHL) =Bioscience (14-15%983)7 primary
antibady for four hours at 4°0. After further washing in Tris
buffered saline {(pH 8.8), ths slides were then incubated with
Alexa Flucr® 588 Goat Anti-Mouse [Igis {(H+L), Iavitregen Lifs
Technologies {(A11004) ] secondary antibody for two hours at 4 °C.
To ailow detection of nano-mineralized calcium phosphate,
sections were then washed in three changes of Tris buffered
saline {pH 8.0}, for &% min esach and incubated with calcein Tris-
BECL sclution for 1.5 hr, at 4 °C in the dark. Following

incubation, the sections were washed carafully with thres changss

of Tris buffered zaline (pH 8.0), for 5 min each and finally
- Y

counterstained with the nuclear dye To-Pro-3 {(Invitrogen Life
Technologiss, lum). After three changes of Tris buffered saline
e B8.0), for 1 min, sechtions were parmanently mountad with

FroLong® gold antifade reagent {Inviitrogen, UK}.

Sections ware imaged with a Leica DMIREZ wmicroscope (Leica

~

(@3]

Microsyvstems, Germany) ab 483, 58 or 623 nm, fitted with diocde
b4 Y

Rr/ArKr and HeNe lasers, using x63, 1.2 WA water oblsctive

{u

lens. Data were racorded using tha Leica Confocal Zoftware

IEtas

{vZ.81; and images processed using the open-source Iinaged

TN
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scftware., Identical imaging and data collection routines were

applisd to Crohn’s disease and Non-Crohn’s diseass zections.

Results and Conciusiong

Consistently, the lmaging showed similar numbers of Calcein
positive celils in the sub-spitheliasl dome of Peyer's patct
Lymphoid follicles from both Crohn’s and non-Crohn’s tissue
samplss. However, whilst the Calcosin positive cells alsc showsd
high expreszsicn of PD-L1 in the tissue samples from non-Crohn’s
disease subjects, and again consistently so, they were mostly PD-
L1 negative or, at the most, PD-L1 low in the Crohn's dizsase

samgrles.  Presence or absencs of tumours or inflammation in the

samples imagsd could not explain thess cbaervations. Similarly,
aite of disease {l.e., whether ileal, colonic or both) could not
ezplain these findings. There was no relationship to age eithsr.
The conclusicon of this work is that failure to appropriately
express FD-L1 on cells that receive and present luminal antigen
in the intestinal lymphold foliicles underlies the cause of
Crohn’s diseass because this antigen will not be presentad in a

-

tolerogenic context. Whilst not wishing to be bound by any
particular thszory, the present inventors belisve that an inhersnt
fallure in these cells to up-regulate PD-L1 in responss to
peptideglycan, that is similarly deliversd by the luminal
nanomineral, explains why thess cells are so universally low in

P-0L1 in Crohn’s disease.

43!
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Claims;

i, B compozition for use in a method of delivering a
biclogically active cargo material to the gastrointestinal tract,
wherein The composition compriszes amorphous magnesium-substitueted
calcium phosphate (AMCP), which entraps a biologically active
cargo material, thereby enabling the cargo material to be

delivered to a site of interest in the gastircintestinal tract.

2. A composition for use in a method of treating or preventing
a condition by delivering a bilologlically active carge material to
the gastrolintestinal tract, wherein the composition comprisss
amorphous magnesium-zubstituted calcium phoesphate (AMCP) which
entraps the biclogically active cargo materisl, thereby enabling
the cargo material to be delivered to a site of interest in the

gastrointestinal tract.

3. A method of delivering a bicleogically active carge matsrial
to the gastrointestinal tract, the method comprising
administering to a sublect a composition comprising amorphcous
magnesium-substituted calclium phosphate (AMCP) which entraps the
bicleogically active cargo material, thereby enabkling the cargs
material to be deliversd to a site of interest in the

gastroilntestinal tracth.

4. A method of treating cr prevanting a condition by delivering
a biclogically active cargo material to the gastrointestinal
tract, ths methed comprising adminiztering te a subiect in need
cf treatment a composition comprising amorphous magnesium-
substituted calclum phozphate (AMCE) which entraps the

gically active cargo material, therebv enabling the cargo
o be delivered to 3 site of interest in the

gastrointestinal tract.

5, The composition for use in a method of treatment or the
method of treatment of any one of the preceding claims, wherein
the magnesium-substituted calcium phosphate is amcrphous as

determined by X-ray diffraction.
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Fas

G, The compositicon for use in a method of Treatment or tThe

method of tresatment of any one of the preceding claims, wherein

o

the ¥-ray diffraction pattern of the amcorphous magnesium-

(9]

substituted calclum phosphate 1s broad and diffuse with a maximum

at 25 degres 2 theta.

7. The composition for use in & methoed of treatment or the

o

athod of treatment of any one of the precsding claims, whersl

fa)

the X-ray diffraction pattern of the amorphous magnessium-

ot

substituted calcium phosphats lacks one or more pe

with the X-ray diffraction pattern of crystalline hydroxyapatite.

g. The compezition for use in a method of treatment or ths

method of treatment of any one of the preceding claims, wherein

-
Ut

the ancrphous magnesium-substituted calcoium phosphate is capabkle

of dispersing to form nanoparticles thait are capable of uptake by

cells in the gastrointestinal tract.

20 g

composition for wss in a method of treatment cr the
method of treatment of claim 8, whersin the nancparticles are

capable of uptaks by gut mucesal lnmuns cells.

C. The compositicn for uss in a method of freatment or the

[

o)

ethod of treatment of claim 8 or claim 2, wherein the cells in

5t
o

the gastrointestinal tract are antigsn-pressenting lmmune cells

oresent in The gut.

he compositicn for use in a method of ftreatment or the

30 mathod of treatment of any one of the preceding claims, wherein
the compesition delivers the bilologically active cargo material

to Peyer’'s patches or to Mesenteric Lymph Nodes (MLN) .

12, The composition for use in a method of treatment or the
35 method of treatment of any cne of the preceding claims, wherein
t

the composition is for oral administration, nascgastric

-

Griniatration or vectal administratiocon.

~~i
jand
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13. The composition for use in a method of treatment or the
method of treatment of claim 12, wherein the composition is

encapsulated for oral administration.

14. The composition for use in a method of treatment or the

method of treatment of any one of the preceding claims, wherein
the amorphous magnesium-substituted calcium phosphate is capable
of dispersing to form nanoparticles that are capable of uptake by

CD11lb positive cells and/or CDllc positive cells.

15. The composition for use. in a method of treatment or the

method of treatment of any one of the preceding claims, wherein
amorphous magnesium-substituted calcium phosphate is capable of
dispersing to form nanoparticles that are capable of uptake by

dendritic cells and/or macrophages.

16. The composition for use in a method of treatment or the
method of treatment of any one of the preceding claims, wherein
the amorphous magnesium-substituted calcium phosphate is for use
in a method of treating an autoimmune disease, cancer, food

allergies and/or intolerances.

17. The composition for use in a method of treatment or the
method of treatment of any one of the preceding claims, wherein
the amorphous magnesium-substituted calcium phosphate is for use

in a method of treating or preventing inflammatory bowel disease.

18. The composition for use in a method of treatment or the

method of treatment of any one of the preceding claims, wherein
the amorphous magnesium-substituted calcium phosphate is for use
in a method of treating or preventing Crohn’s disease or coeliac

disease.

19. The composition for use in a method of treatment or the
method of treatment of any one of the preceding claims, wherein

the amorphous magnesium-substituted calcium phosphate is for use

72
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of vaccinating a subject a

wd the kilologically active

in a

cargo melecule 1z a therapeutic wvaccine composition.

. The compoesiticn for use in a method cof treatment or the

N
<

& method of treatment of claim 1%, wherein the therapeutic vaccine

composition 1s for the treatment cr prasventlion of cancer.

21, The compositicon for uss in a method of treatment or the

methed of treatment of claim 27, whersin the cancer is & Myeloid

16 Leukaemia.

22, The compositicon for use in a method of bLreatment or the

method of freatment of claim 19, wharsin the therapeutic vaccine

composition is for the treatment or prevention an autoimmune
sazes, wherein the vaccine composition is capable of ianducing

tolerance towards avtoimmune T cell and acvto-antibody responzes.

23, The composition for usze in a method of treatment or the

method of treatment of claim 22, whereln the aubtcimmuns ceondition

20 i multiplie sclerosis,

&4 . The composition for use in a method of treatment or the
method of treatment cf claim 19, whereiln the therapeutic vaccine
compozition 1s for the treatmsant or preventilon inflammatory bowsl

dissasze.

B
€

Z5. The composition for use in a method of treatment or the
method of treatment of claim 24, wherein the inflammatory bowsl
diseasze 1z Crohn's diseass or creliac disease.

30
26. The composition for uss in a method of treatment or the

Fay

method cof treatment cf claim 1%, wheresin the therapeutic vaccine

gomposition is for the treatment or prevention of type 1

SN

diabetes.

53]
[§3]

A The composition for uss in a method of treatment or the

mathod of treatment of claim 19, whersin the therapeutic vaccine
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composition ls for the treatment or prevention Syatemic Lupus

Eryvthematosus (SLE).

28. The compoesition for use in a method of treatment or the

ke method of Lreatment cof any one of the preceding claims, wherein

the carge material is a cargo molecule or carge nanoparticie.

29, The compositiocn for use in a method of treatment or the
method of treatment of any one ¢f the preceding claims, wherein
10 the amorphous magnesium-substituted calcium phosphate comprise
aggregated nancparticles that are capable of dispsrsing to
deliver the biclcogically active cargo molecule to the sitse of

interest.

20, The composition for use in a method of trestment or the

(81

method of treatment of claim 22, wherein the nanoparticles are
metal-based nancparticlies or metal oxc-hydroxide based

nancparticies.

20 31. The composition for use in & method of treatment or the
method of Treatment of any one o9f the precsding claims, wherein
the amorphous magnesium-substituted calcium phosphate is a silent
delivery platfcrm that does not cause an adiuvant response toe the

amorphous magnesium-substituted calcium phosphate at the site of

25 interest that 41f gubstantially to the response to the

biclogically active carge material alone.

37, The compesition for use in & msthod of trsatment or the

method of treatment of any one of the preceding claims, wherein

30 the amorphous magnssium-substitutsd calcoium phosphate iz a silent
delivery platform that does not cause a direct transcriptional
response Lo the amorphous magnasiuvm-substituted calcium phosphate
at The szite of interest.

35 33. The compezition for use in a method of treatment or the

method of treatment of any one of the preceding claims, wherein
the amorphous magnesium-substituted calcocium phosphats is

i
H

o



WO 2015/067939 PCT/GB2014/053291

ised by the magrneszium lons and/or the biclogically active

carge molecule,

34, The compositicn for use in a method of treatment or the
5 nethed of treatment of any one of the preceding claims, wherein
the ratio of Mg: Ca in the amorphous magnesium-substituted calcium

phosphate iz at least 1:2%, more preferably at least 1:20, more

in

preferakly at least 1:10, more prefsrably at lsast 1:5, nmore

preferably at least 1:4 and mest praferably 1:3.

35, The composition for use in a nsthed of treatment or the
method of treatment of any one of the precsding claims, the
amerphous magnesium-substituted caicium phosphate composition
comprises a plurality of cargo molscules.

15
36, The composition for use in a method of treatment or ths
method of treatmeant of claim 35, wherein the amorphous magnesium-—

calcium phosphate composition comprises two Or mors

CArge molecules,

20
37. The composition for use in a method of treatment or the
method of treatment of claim 35 or claim 34, wherein the
amorphous magnesiuwm-subatituted calcium pheoaphate compoesiticn

comprises three or more different carge molecules.

]
32

38. The composition for use in a method of treatment or the
method cf treatment of any one of c¢laims 35 to 37, whersin the
amorphous magnesium-substituted calcium phosphate compositicon
comprises a therapeutic vaccine component and an

30 immuncstimalatory agent or a tolerance lnducing agent.

35, The compositicn for uses in a method of treatment or the

method of treatment of any one of the preceding claims, wherein

y active cargo material is a therapeutic cargo

Ll
(63!

molecule.

=

40, The compositiocn for use in a methcd of treatment or the

~J3
82
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method of treatment of any one of the preceding claims, wherein
the bilologically active carge material laz & nutraceutical cargo

moleculs.

41, The composition for use in a method of treatment or the

method of tresatment of any one ¢f ths preceding claims, wherein
1 is selected from the group consisting of

the cargo materia
protein antigens, bioactive ovibokinss, peptidogiycansz, low

molecular weight organic moleculss and nanoparticlies.

2. The composltion for use in a method of treatment or the

X

method of treatment of any cone of the preaceding <laims, wherein

-2

&
the cargo materials is selected from the group consisting of
peptidogiyeoan, peptidoglycan subunits including muramyl
dipeptide, autoantigens, vaccine compositions, nucleic acid
zegquencss, mceleculess to restore PD-L1 expression to target cell,
tissue or cell homogenates/suspensions/supernatants, nutrients,

dietary supplements, protelins, proteln antigens ilncluding peptide

sequences and allergens.

43. The composition for use in a method of treatment or the
method of treatment of any one of the preceding claims, wherein
the cargo material is a nutrient, a nancoparticle, therapeutic

moleculs, vaccine, a nucleic acid molecule, such as DNA or RNA.

44, The compoesition for use in a method of treatment or the
method of treatment of any one of the preceding claims, wherein
the composition is used to deliver carge molecules to cells ex
viveo, whereiln the ex vivo cells comprising delivered Cargo
molecules are for re-introduction into a regiplent and/or wherein
cells affected by the ex vive cells transfected with cargo ars

for re-introduction inte a recipient.

45. The compoeszition for use in a method of treatment or ths
method of treatment of any one of the preceding claims, wherein
amorphous magnesium-substituted calcium phosphate compesition is

5

porous for entrapping the cargo molecules.

7€
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46, The compeosition for use in a method of treatment or the
method of treatment of any one of the preceding claims, wharein
the nanoparticles of amcrphous magnesiuvm-substituted calcium

phosphate have megan diameters in a range betwsen 20 nm angd 350

i,

47. The compesition for usze in a method of treatment or the
mathod of treatment of claim 46, wherein at least 75% of ths
nanoparticles of amcrphous magnesium~subostituted caloium

ohosphate have a mean diameter in ths rangs.

&7, An agent capable of promoting PI-L1 expreszsion in antigsn
prezsenting lmmune cells of intestinal Ilymphoid follicles for use

in a method of treating Crohn’s diseass.

48, 2 compositicn for use in a method of diagnosis or imaging,
wirerein the composition comprises amorphous magnesium-substituted
calcium phosphate (AMCP), wherein The amorphous magnssium-—

aubstituted calcium phosphate entraps a detectable moiety.

49, The composition for use in a method of diagnesis or imaging

of claim 43, whervsin the amcrphous magnassium-substituted calcium

phosphate the composition is capable of delivering the cargo

material To a site of interest in the gastrointestinal tract.

49. The compesition for uvase in 3 method of diagnosis of claim
48, wherein ths detectable moiety comprises nancparticles, such
as metal-baszed nancparticles or metal oxo-hydroxide

nanoparticles.

3G, A process for producing amcrphous magnesium-substituted
calcium phosphate compositions that contain entrapped
plologloally active carge matsrial, the process comprising:

=

{a}) providing a sclution comprising calcium ionz (Ca?'),

magnesium lons (Mg and & solutisn comprising phosphats ions

(PO,""}, wherein one orv both of the szolutions comprise one or mors

~3
-~
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biclogically active cargo mate
{b) wmizxing the scolution comprising caleium ions (Ja™),

magnesium ions {(Mg?Tywith the seclution comprising phosphate ions

L

(PO te precipitate amorphous magnesium-substituted caloium
phosphate in which the biologically active carge material is
entrapped;

{c) recovering the amorphous magnesium-substituted calclum
phosphata: and

{dy opticnally washing and drving the amorphous magnesium-

substitutsd calclum phosphate.

51. The process of claim 50, wherein ths solution comprising
calcium ions {(Ca?), magnesium ilons (Mg®) and hiologically active
cargo melecules is buffered at a pH of at least &.C.

52. The process of clalm 50 or claim 51, wherein the
hiniegically active cargo materisl increases the stakility of the
amerphous magnasium-substituted calcium phosphate to conversion
to corystalline phases of calcium phosphalte as compared Lo
corresponding compositions that do not include entrapped cargo
material.

53. The process of any ones of claims 50 teo 52, wherein the
washing and drying step comprisss reslurrving the composition in
acetone and drving the washed compeozition using centrifugation.
5 The process of claim 53, whereln the washing and drying

<

4.
teps are repeated twice.

1o

55h. The process of any one of claims 50 to 54, whersin the pH

during steps {(a; and/or {b) is greater than 85.0.
56. The progess of any one of claims 20 to 55, wherein the
buffer is Trisz, HEPES, BICINE, TRICING or a citric acid buffer,

or an amine acid such as lysine or glyaoine.

BT, The process of any one of claims 0 to &, further

~]
[€o]
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wn-substituted

comprising formulating the amoyphous nagnes

Ior:

calcivm phosphate as a pharmaceutical compozition.

=~
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