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PHARMMCEUTICAL COMPOSITION FOR TREATHMENT OF IEBD and RED

The present invention ralates ta a new
vaccine/inminisation f£or the prevention and/or prophylaxis
againat measles virus infection and to a pharmaceutical or
therapeutic composition for the treatment of IBD(Inflammatory
Bowel Disease); particularly Crohn's Dizease and Ulcerative
Colitis and regressive behavicural disease (RED) (also referrad
to as ‘Pervasive Developmental Disorder™).

In my earlier Fatent Application No. WO 96/30544 I have
describad how persistent meoasles virus infectien whether of
a wild type or wvaccline mediated iz the origin of some forms
of TIED.

The latest and most comprehensive population-kosed
cpideniological studies put the prevalsnce of IBD in the
United Kingdom population alene at 1 In 185 at the age of 25
rising te 1 in 140 at the age of 31. ESince prevalence of
these diseases increases with age to give a peak onset in the
30 to 35 yeoar age greoup, this leval is due to reach 1 in 30
by the age o 45. Thnis rise is particularly conspicusus in
children where the instance of Crohn's Disease has risen by
& factor of up to & in some arcas since 19685,

At prescnt vaccination is used for the prophylactic
praventicn of meacsles virus and as a public health measurs has
proved to be generally effective, Infants are injocted with
an attenuated virus often within the seccond year of life and
lately a beocoster waccination schedule haz been introduced to
all school children approaching primary school age.

Unforturately as I have shown preoeviously in the above
rnenticned patent application the usc of thiz vaccine has been
chown to be instrumesrntal in development of Crohn's Disease and
cther forms <of IBD over the ensuing 30 to 40 vears and
particulariy has been instrumental in a substantial ificrease
in Crohn's Disease in children since vaccination was starfe_d
in 1968. '

I+ has necw alsc besen shown that use of the MMR vaccine

(which is takzn to include live attenuwated measles wvaccine
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viruz, meazles virus, mumps vaccine virus and rubella vaccine
virus, and wild strains of the aferementicned viruses) results
in ileal! lymphoid nodular hyperplasia, chronic colitis and
pervazive developmental disorder including autism {(RBDY, in
some infants. Before vaccination the infants were shown to
have a normal developmental pattern hut often within days of
receiving the vaccination some infants can begin to noticeably
regress over time leading te a clinical diagnosis of autism.
The MMR vaccine was first used in 1988 and a study in Sweden
has shown recently that the prevalence of children with autism
has significantly risen. The study has shown that the
autistic spectrum of dJdisorders may now affect 1% of the
population.

The Fhysician is therefore confronted with a difficulty
at the individual lewvel in that whereas as a public health
measure meesles vaccination is called for, it can have
unwWanted effects 1in thosge subjects who are unable to
immunolegically eliminate the virus so intreoduced.

This is particularly so when there is at present no cure
for IBD; sufferers can expoct relapses of their disease
requiring potent immunesuppresszant therapy or remcval of the
affected bowel and may be condemned to the use of a ostomeomy
bag., Nor is there a cure Zor autism; sufferers have to live
in a silent world of thelr cwn unawle to communicate with the
rest of the world. -

What is nheeded therefore 1s a safer vaccine which dees
not give rise to~these prublems, and a treatment for those
with existing IED. I have now discovered a combined
vacelineftherapeutic agent which is not only most probahly
safer Yto sadminister +t¢ c¢hildren and others by way of
vaccination/immunisation, lkut which also can be used to treat
IBD whether as a complete cure or to alleviate syrptoRs.

As discleosed in my earlier patent application Crohn's
Disease i= most probably caused by a failure of the body to
completely eliminate the measles virus, probably because of
the failure of the initlal dosage of wirus to illicit a full

immune response, which in turn allows the remalining virus to
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coliect at various =2ites in the body particularly in the small
intestine -and ceolon thereby causing the granulematous
vasculitis associated with Crohn's disease.

Although the mechanism of wvirus infectien i= not fully
elucidated, it seems likely at present that the mechanism
which gives rise to gut granuloma is as follows:-

Following an incorplete immune response to an attenuated
virus challenge in early life, or indeed less often a wild
type infection, measles virus collects in the wall of the qut
and particularly in the capillaries supplying hlood thereta.
AL some peint, often when a paticnt is betwaen 20 to 30 years
old, this induces a vasculitis which in turn causes necrosis
of tha overlying epithelium of the gut. I have previcusly
shown that measles virus is prezent in these granulomatous
lesiong. It appears that for some reason lymphocytes which
bind te the measles virus szite fail to eliminate the virus =a
identified. What 1is necded therefeore 1z a system for
"switching on” the dectruct mechanisms of the bound
lywphooytes which appear to be disenabhled by the persistent
measles virus particles.

The comoesitions of the prefcnt invention have the
ebility not only te condition the recipicnt to raise a
specific immune response to MMR and reasles virus when uszed
a5 a vaccine/immunisaticn, but alsa to reestablish the
aprrapriate antiviral immune respon=e of an immune system to
persistent measles virus infection in IED.

I have also found that regqreossive behavioural dizorder
(RBD) in children is associated with measles, mwumps and
rubella (MMR} vaccinatiocn. Although it i= wvet to ke
established which element, if only one o MME, or for example
reasles wvirus, s directly implicated, histoleogical and
serological examination of a sample of children whe exhibited
RHI} showad lesions in the qut indicative of the probloms which
arise im 1BD and Crohn's Diseass. Further I have reviewed a
cohert af children whe following a pericd of apparent
normality have lost acqguired skills ineluding these of

communication. These ¢hildren all have gastrointestinal
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symptons including abdominal pain, diarrhoea, and in some
cases food intolerance. It is significant that this syndrome
only appeared with the introduction of the peolyvalent MMR
vaccine in 1988 rather than with the monevalent mneagles
vaccine introduced in 1%68. This indicates that MMR is
rasponsible for this condition rather than just the measles
virue and that accordingly a transfer factor (vide infra)
specific for the components othar than the measles virug in
MME maybke required.

In these children the mean interval from eXposure to the
MMR vaccine to the development of first behavioural symptom
was six days, lndicating a strong temparal association with
exposure to the vaceine, Measles vivus nucleocapsid protein
antigen has been identified with thes follicular dendritic
gells in areas of lymphoid nodular hyperplasia in the affected
intestine, further implicating a causal role for measles virus
in this disease. These children exhibit immunodeficiencies
azspciatend with reduced numbers of circulating T lymphocytes.
Specific beoosting of antiviral immunity in +these children
zould, therefore, be expected to he of therapeutic benefit.

Adoptive transfer of antigen-specific cell mediated
immanity in humans was first demonstrated by Lawrence in
Tvoc.50c.Biol.Med 1949; 71; 516. This opened a new avenue of
research that has :ed to an increased understanding of the
basic immune mechanisms and to the development of many forms
of immunomodulankt therapy. Lawrence originally showed that
transfer of intact, wviable, lymphoeytes from a normal
ruberculin skin test-positive donor to a skin test-negative
recipient, resulted in conversion {“tranzfer”) of the
recipient te skin test-positivity.

Lawrence L[urther demonstrated that delayed cutaneous
hypersensitivity {DH) responsivencss could be transferred by
a soluble, dialysed leucocyte extract (DLE}. He termed the
factor responsible for this phenomenon “transfer factor™ (TF}.
(TF) would transfer (DH) of a given specificity from a normal
skin test-positive daoner to a skin test-negative reciplent.

Moreover, Wwithin 6 menths, leucocytes from the primary
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recipient could transfer specific (DH) to & previously skin
test-negative secondary recipient.

In additicn to transferring antigen-—-specific skin test
pesitivity, DLE preparations contalning TF can alsc initiate
cther antigen-specific c¢ell medlated 1immune reactions
including inducticn of cytekines such as macrophage migration
inhibitery factor (MIF) and leucocyte migration inhibitery
facter (LIF). The akillty of TF to stimulate LIF producticn
farms the basis for assessing, in vitro, the potency of
antigen-spacific TF.

Despite lLawrence's work the considerable potential for
TF as a therapeutic agent capable of transferring specific
immunity to indiwviduals whe lacked such immunity was not
recognised until akout 1%%0. It has recently been used
therefore 1in treatments for chickenpox, herpes virus
infections, liver disease and in the treatment of HIV.

Gernarally human, mouse and bovine TF are small moleculss
of approximately 3500 to €000 Daltoms. TF is heat labile but
celd stable; biclogical activity remains unippaired after
several vears of storage at -20°C to -70°C. Most studies of
the effscts af engymas on the antigen—speciflc bhiological
activity of TF indicate that it 1s compused of RNA bases
attached to small peptides of at least 8 amino acids, If as
seems likely each TF is antigen specific then individual TF's
may differ structurally in a manner similar to the subtle
variations in antigen-hinding sites at the hypervariable
region of immunogleobalins or in the T cell receptor for
antigens. This specificity is suapported by the fact that TF
specific for, for example, PPD antigen kinds omnly FED and no
otker antigen.

The mechanlsns whereby TF participzste in the cell-
mediated ilmmure response are simply not known. One hypothesis
iz that TF f[crms part of the T-lymphocyte recepteor (TCOR)] for
antigen ard that its presence may be necessary for T cell
activation. However, further su?pﬂrtive data are regquired
that are compatible first with the activity of TF in the

normal T cell mediated immune response and secondly with the



10

15

243

25

33

-5 =-

ability of TF to transfer such immunity to a previously non-
respensive rocipient in an antigen-specific fashion.

Tn an antigen-responsive subject a grall number of T
cells bearing receptors for a given antigen are continually
present. These membrane receptor sites prebkably include the
TF moiety. gpecific antigen phinding to the appropriate
receptor probably initiates production and the release of more
TF which then kinds to immunoclegically uncommitted T
lymphocytes rendering them antigen-sensitive and responsive.

similarly, in transfer of immunity <o the non-respensive
host, exegencus TF most probably kinds to innunolegically
"wirgin®" cells, This binding may induce T cell receptor
expression with the resulting complex of antigen-specific TE
and the T cell receptor forming the specific antigen receptor
on the T =sll, Howeover, induction of de novo synthesis of the
T gell receptor or exposure of the relevant receptor to
allosteric effects of transfer Fartor on nembranss proteins
ahould not be excluded.

Althousgh little is known of the mechanism of the action
ot DLE-TF in viveo more ls known of jts effects in vitre. In
vive however DLE enhances graft rejection and augments lectin-
dependant antibkody dependent ¢ellular cytotoxicity. This wide
variety of sfifects of crude DLE reflects the activities of its
many alifferent noieties including non-specific adjuvant or
inhibitory functions. Antigen-specific properties due to thoe
TF moiety within the DLE include the ahility to confer upon
non-respensive lymphocytes the ability to react with the
relevant antigen in vivo to produce lymphokines in vitro and
to enhance antigen-specifiz T cells cytoxicity agalnst tumour
antlgens by previously nen-responsive cytotoxic cells.

DLE-TF is usuwally administered by subcutaneocus o©or
intramuscular injeetion, although oral adminisiration appears
equally effective. It can also be given intravenously or BY
suppoesitory or kY incorporation into liposomss to proleng its
biclegical activity. Rothing is known about its

pharmakinetlcs.
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Further DLE-TF 1s remarkably free from adverses side
effects, Given intramuscularly or subcutaneously an injection
may causa pain at the injection site for 10 to 20 minutes and
low-grade transient pyrewia may occur but no other significant
problems have cccurred. However severe pain can be induced
at the site of primary or metastatic lezions caused by tumour
necrosis when used in cancer therapy.

According therefore to the present invention there is
providaed a pharmaceutical composition for the treatment of
a MMR wvirus mediated diseasze comprising a soluble dialysed
leucocyte extract comprising a transfer factor (TF) formed by
the dialysis of virus-specific lymphocytes to a molecular cut-
off of 12,500, dispused in a pharmaceutically acceptable
carrier of diluent therefor. The TF factor is particularly
significant when directed to the measles virus alone but a TF
factor for MMR, which is taken to include live attenuated
measles vaceine virus, measles virus, mamps vaccine virus and
rubella vacoine wvirus, and wild strains of the aforementioned
viruses, or for fhe other compenents of MMR (mumps and
rubella) is also useful espacially Lor RBED.

The compositions may ke particularly adapted for use as
a vaccine/immunisation or for use as therapy for IBD or RED.
Preferably the transfer factor is a molecule of approxXimately
3,500 to 6000 Daltons which is ecold stakle. The compositions
ray be adapied for subcutanesus, intra muscular or intravanous
injection eor for administration by the oral route, by
suppository ¢r by incorporation into administrable liposomes,

The inwvenption will mnow be descriked, by way of
illustraticn only, with reference to the following examples

and the accompanying figures.

Figqure :t iz a compariszcn of the gene sequence of the majority
consequences seguence (MCS*) of the measles virus H region
using all wild-type and vasgine strain sequences from GenEMEL
on 1 June 1994 with the gene sequence of the vaccine, sporadic
wild strains, measles virus H regions jsoclated from patients

with Crehn's disecase, uleerative colitis, antism, inflammatory
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bowel disease with SS5PE strains. The complete seguence
betwean base 8393 and 8530 was determined for each of the
genes but only the mutations in them are shown in Figure 1.

Figure 2 1z a comparison of the gene seguence of the measles
virus uzed in the Japanese measles vaccine with the gene
seguence of wild strains and measles F region isolated from

a patient with Crochn's Disease.

Exarmple 1 — Preparation of TLE

Measles virus-specific F¥ is made from lymphocytes of
BALE/c mice iwmmunised by Live or killed virus or an antigen
derived from such a measles virus. Isolated cells are fresze-
thawed and, following micropore filtration the filtrate is
adéad to an iwmmunologically virgin human lumphobklasteid cell
line. one cell ie serially expanded 10-fold with killed
measles virus and interleukin-2, to a billion cells. Measles
virug-specific TF preparations are made f£rom thi= expanded
coll populacion. Cell Ltvsis, dialysis wusing a 2,300
molecular weight cut-off and a series of czoncentration
procedures results in a 1F preparation containing TF and
lysozyme. The molecular welght of each preparation used is
betwsen 1,800 and 12,000, Appropriate blological markers eg.
lysozyme (MW 11,000}, hcrse myoglobin (MW 17.7 KD} and human
antibody light chains (MW 22 KD) are used as controls to
ensure both %the recovery of TF and absencve of materials
greater than 12,000 MW in the final preparatien (virusas are
hundreds of millions in molecular weight, and reverse
transcriptase of retroviruses is 59 KD). The TF preparation
ic standardised for potency (vide infra}. The ability of TF
te stimulate further TF production, and the creoss-species
reactivity of TF are subseguently eXploited in order to
produca large amounts of concentratad TF at low wost. This
iz achieved by injecting the TF preparaticon lnte pregnant
goats 3 times prior te delivery. <Ceolostrums are collaected
during the first 3 days post-delivery and TF preparations were

made from these by nmicropore filtration excluding malecules
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»12,500 mol wt. Following freeze thawing and lyophilising x
2 the preparation ie tested for potency as described below and
standardised at 200 South Caroclina units/ml.

Exawmple 2 - In vitre determination of potency.

ILIF production in response te the defined specific
antigen, is measured by the direct asszay for inhibition of
random leucocyte migration in agarose. Briefly, Leucocytes
are incukated with medium 199 only (control] or with medium
plus test antigen at 37°C. During this incubaticn peried the
neutrophils randemly mnigrate cut of the application weoks to
form a clrcular zone of cells. Responsiveness to antigen is
expressed as a migration index {(MI). If lymphocytes respond
nornally te the antigenic challenge, LIF is liberated and
prevents or reduces the normal neutrophil randen migration.
The teszt iz uzed extensively in the diagneszia of antigen
specifie cell mediated imrune defects. The additicn of DLE
5 this system has two potential effects: firstly, an antigon-
independent inhikition of migration at low concentrations of
axtract, and secondly, antigen-cpecific induction or
enhancements of LIF production at lower concentrations of
axtract.

DLE-TF poterncy is determined by taking aliguets of target
cells (peripheral blood loucooyies) from 2 normal donors,
previcously skewn to be unresponsive to the test antigen by
LMI., Cells are incubated with either 1) medium alone, 2)
medium plus antigen, 3) DEZ {at 10 serial dilutiecns) in medium
4, and 4) DLE (in the same 10 serial dilutionsz) pluz antigen
plus medium for 30 minutes at 27°C in a humidified incubator.
After 18 hours, migratiorn indiecs are determined as follows:
MI;—antigen dependent VI preduced by non=-TF components; and
MIz-antigen dependent LMI induced by LIF released from T
lynphooytes newly sencsitised by TF in the precence of specific
antigen. An MIBE wvalue <0.90 indicates meaningful antigen-
dependent IMI. All cancentratieons (150ul)} are tested in €
replicate cultures. If 401l provide an MIB of 0.%0, then 1ml
of this DLE ceontairg 25 5.0. potency units.
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Dose regimemn
one to up to ten, hut preferahly three or four capsules
{20 s5.C. units per capsule] per day should be ingested.

Laboratory monitoring of elinical responsze
It is important to note that there is a marked inter—
individual response to any particular batch of DLE-TF.

Patients are monitcred immunologically ky:
' the ability of DLE-TF MV to restore <ulaneous
hypersensitivity as measured by the Merieux skin test.
. levels of cireulating CD8+CD3I8+DRtcytotoxic T cells,
measured by flow cytometery.

. lympheoyte migration irhibition, as described above.

Ano~her valuable immunclogimal test is antigen-specific
T cell cytotoxicity. The use of this test for determination
of measles virus-specific cytotoxiclty has been deacribed by
Fooks et al in wviroclegy 1995, 210, 456 to 465, Purified T-
1ymphacytes arc cultursed with measles virus infected Raji (B
cell) cell 1line labelled with radiolabelled chromium
uninfected cells are used as controls. The specific
cytotexicity of the lymphocytes results in lysis of the
infected coclle and release of radicisctope from cells of other
tumeur types. Addition of DLE-TF derived from & daonor proven
by this test to be responsive Lo the relevant antigen,
enhanccs the gpecifie cytotaxieity of the patient's
lymphocytes in a dose-dependent manner.

The recults of Examplas 1 and Z show anecdotally that TF
is an effective agent for the treatment of IBD and as a

varccine for measles wirus.

Example 3

In order to investigate a consecutive serigs of children for
a new syndrome comprising chrenic ernterocelitis and regressive
behavicural disorder (KBD} 12 children with a mean age of &
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Years, range 3 to 10, all but cne of whom were male, were
referred with a history of achievement of normal developmental
milestones Folleowed by loss of acquired skills including
language along with bowel symptoms, diarrhoea, abdominal pain
and 1in some cases food intelerance all associated with the
presence of MMR viruses in the gut.

The children underwent gastroenterolgical, neurological and
developmental assessment including review of prospective in
developmental records. Under sedation, ileca-colonocscopy and
hiepsy, MRI, EEG, and lumbar puncture were performed. Barium
fellow-through was undertaken where possible. Chemistry,
Fraematolegy and immunology profiles were examined.

1t wa= found that the cocnset of behavioural symptoms were
assocliated witn MMR {(mumps, measles and rubella vaccinations)
in 8 of the 12 children and with mra=les lntecticns cone child
otitis media ir another. 2117 1¢ rhildren had significant
intestinal patholegy ranging from lyaphold nodular hyperplasia
to aphthoid ulceration. Histnlogy revealed patch chronic
inflammation in tke colan in 11 cases and reactive ileal
1ymphold hyperplasia in 7 cases, mt no granulomas. One case
had ileal 2Iymphoid neodular hyperplasia alone diagnosed on
barivm follow-through. Behavicurally, they all formed a
heterogeneocus diagnestic group which included autism (9712},
disinteragrative psychaosis (17123 and possible  post-
viralf/vaccinial ~encephalitis ({27127. 411 the children
exhibited features of severe developmental regression.
Clinically thay had no focal neureclogical abnearmalities and
MEI and EEG studies were within normal limited. abnormal
lzhboratory tests in these ¢hildren were a significantly ralsed
urinary methylmaleonic acld compared with age—-matched controls,
a low hasmoglobin in 4712 and a low serum Iga in 1713. Table
1 and 2 summarise the above endoscopic, histological and
neuropsyvehilatric diagnosis. |
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Accordingly a significant gastrointestinal pathology has been
identifiedé in association with behavioural regression In a
salected group of previously, apparently normal children. In
the majority there is therefore a clear asseociztion with

possible envircnmental triggers.

Exanple 4

The persistence of measles virus infection and the
immunological status of children with a combination of
regressive developmental disorder, ilec—-colonic lymphoid

nodular hyperplasia and non-specific celitis was investigated.
botection of viral anticen

Verp {African green monkey Kidney) cells were cultured and
infected with HU-2 strair measles. After two days, when the
characteristic syncytial eytcpathic effect was observed, the
¢ell layurs were washed with FBS and harvested using a cell
scraper- The c¢ells were disrupted using a sonicater, in 1ml
lysis buffer (8M urea, L50mM 3 -mercaptoethancl, 0mM Tris-HCL
pH 7.5) on ice, at a concentration of 100 cells/ml.
Dhpdilscupted cells and cell debris were removed by
centrifugation (1500 % g, 20 min, 4°C). Uninfected Vero cells
were caltured and lysed in an identical manner to the infected
gells and used as contrals.

421 of =ach cell lysate was fractionated by SDS-PAGE and
transferred to a nitroceiluleose membrane in a tank transfer
systam at 200m& for 1&h. 1.4y of purified measles virus
nucleccapsid protein expressed 1in S£9 cells served as a
positive contrel. Transfer of equal amounts of protein was
confirmed by Ponceau staining. Following saturation in
blocking buffer (phesphate buffered saline [FPES], 0.1% wvfv
Tween-20 containing 5% w/v skimmed milk powder) for i h at
room temperature, the filters were incubated with either

RAd68" or preimmunc cerum at a 1:5 000 dilution of blocking
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buffar. After thres washes in PBEST (PBS, 0.1% v/v Tween-
20)each for 10min, the mexbranes were incubated in a 1:1 000
dilution of second antibody (horseradish peroxidase-conijugated
anti-mouse immunoglobulins} in FBEST for 1 h at room
temperature. Following a further three washes in PBST each
for 10min, the immuncoassay wasg develoged using the ECL
detection system according to the manufacturer's instructions.
Western blet analysis was also performed, in an identical
manner, on protein extracted from normal human intestinal
tissue.,

The strong imwmunoreactivity of RAde3™ with the mneasles
H-protein was observed. No signzl was cbkbtalred using eilther
the corresponding preimmune serum or folleowing application of
R2d58” to the protein extract from uninfected ecells, Western
blot analy=is RACER on extracted normal human intestine gawve
no signal. This confirms the spoeificity of the measics virus

antisera teo be u=cd or affectod intestinal tissucs.

The specificity cof RAJEZ™ for measles virus was examined
further by immunocytochenistry using ounpps virus - a related
paramyxovirus ~ and rubella virvse as centrols. Measles virus
{EUU=2 strain}, numps virus {(Urake strain), and rubeslla virus
infected Verc cells ware prepared separately and processed for
innuneceytochemistry uweing an inmuanoperoxidase technigue as
described previously. Uninfected Veroe calls were used as
negative cantrols of RAAE8" and the primary mumpz and rubella
virus antibedies,

Since the RA4A8" had Ekeen raized in an adenovirus type-5
construct, the likelihood of cross-reactivity with aderovirus
antigens was examined. When RAds8Y was applied to either
adenovirus-infected intesztinal tissue ocr &a cocmmercizl

preparstion of Hela cellszs infeckted with zdencovirus-tvpe 5 it
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produced specifie staining in both. In view of this cross-
reactivity, parallel sections from the biopsy series of 12
children were immunostained for both measles virus N-protein
and adenovirus, the latter using a commercial adencvirus
antibody that identified the relevant type-5 strain, in order
to dizcriminate the presence of these different virns antigens
within tissues. In addition, nmurine antiserum raised in an
identical manner to RAJES™ but without the measlez wvirus N-
gene (RAJGBT), was applied to both measles and adenovirus
infected cells and tissues. Negative controls also included
seckbions incubated with normal mouse serum at a dilution of
1:300, based upon measurement of the total serum protein
concentration and calculation of the estimated IgG fraction.
Sections which were developed following omission of the

primary measles virus antiserum served as a further control.

When RAd68 was applied to secticns of measles virus infected
and uninfected Vero cells positive cytoplasmic staining was
cbhbeerved in ilnfected cells only in areas of characteristic
synoytial wybtopathic effect. MNo staining was seen when cither
FAdEes' was omitted, when sections were incubated with the pre-
inmune mouse serum or When REAGE™ genes were added in place of

RAAGE .

ITn koth mumps and rubella wvirus infected cells, positive
cytoplasmic staining was observed fellowing addition of the
specific primary - antibody. Conversely, no staining was
chserved with either Radég' or following omission ©of the
respective primary antibodies. RAd68" and RAdSE™ applied to
Hela cells infeacted with adeanovirus type-5 produced positive
nuclear staining, consistent with the erigin of the wvector

used to raisze the antisera.

Adsorption of RAA6E

Fad6s8” was applied in triplicate to wells of %6 well plates
prepared commercially for ELISA using lysed meagsles virus

ot
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infected cells az the antigen. The wellsz were incubated for
1 hour then the supernatants were transferred to new wells.
This procedure was repeated 5 times. The resulting
supernatants were applied to measles virus infected cells and
tizsues (hrain - S8SPE({subacute sclerosing panencephalitis),
gut} and developsd as described above, RAdEBY, processed
similarly on contrel wells containing uninfected cells
lysates, were  applled to serial tissue sections for

comparison.

Following aksorption of RAdA58™ on whole measles antigen, the
signal was greatly reduced in measles virus infected tissue,
both in terms of numbers of positively stained cells and
stalning intensity, compared with RAAG68" adsorbed in contreol
wells containing uninfected cells. The latiter produced a
strongly positive signal in measles wvirum infected tissuc

which was identical to the unsdsorbed anti=zerum.

Tizsye Studies

Intestinal kicpsies from the 12 children were taken. This
included single terminal ileal bhiopsies from 2 children and
a total of 52 colenic hiopsies including samples from rectum
through te caecum from all 12 children. Serial sections from
each biopsy were stained Iimmunchistochemically for the
Following virunses: measles, rukbella, Herpes simplex, munps,
adenovirus and himan immunodeficiency wvirus (HIV). Control
tissves included sections developed either following omission
af the primary antibody, or with the correspending pre-immune

serum or immunoglebulin fraction.

Positive controls for measles virue infection included post-
mortem tissuss from cne case of SEPE, one case of measles
inzlusion body encephalitis (MIBE), and tissue from an acutely
infected small intestine of in an African child with AIDS wha
was suffering from nmeasles pneumcnia .
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Centrol intestinal biopsy csanmplez were obtained from 10
children in whom the initial c¢oleonoscopic findings were
reported as normal. A total eof 70 sections were studied,
ineluwding those from ileum, caccun, <olon and rectum.

In addition, 10 archival agc-matched terminal ileal biopsics
wore stodied from children with Crohn's diseasa, selected
conseocutively on the basis that the hacmatoxylin and eozin
stained section contazined at least one lymphoid follicle with

its assogiated germinal centre.

Lymph nede bkiopsy  specimens from & patients with
lymphadencpathy and AIDS were alsc immunostained with RAd&E’
and primary HIV antibody.

The ileal kiopsy secticns from 5 children were examined by
double imsmunohistochemical labelling for measles virus-N
protein and follicular dendritic cells using CD21 monoclconal
antikody. The sections were incubated with normal goat ssrum
for 20 min followed by application of measies virus primary
antibody (RAdDER™ ) overnight at 47C. Secticns were washed
“hree times for 5 mninutes in Tris-kbuffered saline ({TBES}.
Thereafter biotinylated geoat-anti rabbit antibedy was applied
at 1:200 diluticn plus normal human serum for 30 min at rcom
temperature. A bleocking murine monoclonal anti-Fneumecystis
carinii antibody was then applied at 2 dilution of 1:20 for
&0 min, follewed by goat-anti mouse Fab fraction at 1:20
dilution fer 30 min at reon tenperaturse. The initial
development ztep conszisted of streptavidir ABC at a 1:1:200
dilution for 30 min at room temperaturs followed by addition
of diaminckenzidine. Sections were then microwaved for 20 min
in citrate buffer at pH €.0 followed by application of
monpoclonal CT0 21 at a diluticon of 1:20 for &0 min at roon
temperature. After washing three times in TBS, alkaline
phosphatase conjugated sheep anti-meouse roneclonal antibedy
was added for 75 min at room temperature, and the secticons

were finally developad with Fast Red. Control=z included
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omiszsion of either primary antibody, both primary antibodies,
or incubation with the blecking murine monoclonal anti-P.

carinii antibody alohe.

MIBE and SSPE serve as a useful compariseon for exanining
weasles virus antibody specificity. Both reprasent braln
tissue that is persistently infected with measles virus,
although the pattern of staining is characteristic in the two
conditicns. 1In sections of MIBE, RAd68" produced positive
staining in cells centaining digtinctive, large nuclear
inclusion bodies. In SSPE, staining for measles virus was
detected in inflammatory foci, specifically in heurares,
microglia and endcthelial cells that did not exhibit the
characteristic cytopathle change of MIBE.

Hence, RAA63* distinguished the pattern of measlies virus
immunostaining between the two diseases, and no staining was
cean on brain sections either from which the primary antibody
had besn cnitted or RAAES™ substituted for RAAEB.

In acuie measles virusz infeetion of the =zmall intestins,
staining was cdetected ir discrete focl of epithelial cells in
2 of 4 Peyer's patches, and in pecasional lymphocytes and
endothelial-like cells within the lamina propria and
submiuccsa,

Tn both the measles virus and adenovivus infected
intestinal tissdes, infected cells exhibited cytopathic
vacuolation <that was net seen in adjacent cells which

presumably, were not infected.

Tn +he 9 terminal ileal biopeies fron children with intestinal
pathelogy and asscciated behavieur disorder, 7 cantained a
complete lymphoid feollicle with its associated germinal
centre. In 2 rcases, where these structures nhad hkeen
previcusly identified in haematoxylin and easin-stained
sections, resulting in thenm having been cut out due to

weltiple sampling.
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Positive measles virus lwmuneostaining was ldentified using
BAdEST in 5 of the 7 cases. Positive staining was confined
exclusively to the germinal centres of lymphoid follicles.
staining was punctate, and its distribution appeared to follow
the cvtoplasm or cytoplasmic membrane of cells with an
extensive cytoplasm. An identicval pattern of staining was
observed in HIV infected lymphocytes stained with HIV primary
antibodies.

Positive staining for measies was detected in children for
whon  the onszet of symptoms had been asgsoclated with a
n)linical episode of measles in 1 wcase (but previously
varccinated with MME) and MMR in 2 cases. In the case of the
fifth positive child, no expesure had been noted: onseb of
bhenavioural symptoms started at 18 months and his only
recorded exposure to either mezsles or rubella had been as MMRE
i~ 16 months of zge.

Double inmunostaining of ilecal bhicpsies with RAded and CD21
confirmed that the measles virus =signal Jleocalised to
fellicular dencdritic cells. A similar pattern of staining was
seen in the speclmen of small intestins that was acutely

infected with the measles virus.

oat of a total of 52 coleonic bicpsiez, 5 individual klopsies
from different children showed lympheold follicles, all of
which exhibited "reactive hyperplasia. Wene - of these 52

hicpsies were positive for measles virus,

a0f the 10 control colencscopic bilopsy series, blinded
histological examination confirmed normal appearances in & of
these caszes, Of the remaining %5 casses, small focal
collections of subepithelial chronic inflammatory cells were
found in one case, one case showed mild focal neutreophil
infiltration of the lamina propria, while the 3 remaining
cazes, one of which turned out to be from a child with

Alcerative colitis in remission, had reactive feollicular
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hyperplasia of the terminal ileum. Only one centrel biopsy
stained positively for measles wirus; that of the child with
the uleerative colitis, in whom a germinal centre in 2 focus
of ileal lymphoid nedular hyperplasiz stained in an identieal
pattern to that akove.

Of the 10 terminal ileszl biopaies from children with Crohn's
dizsease, 9 contained a complete iymphoid follicle with its
azsociated germinal centre. Twe casas exhibited seavere
inflammation while the remainder showed only mild
inflammatior, with an increase in lamina propria monoruclear
cells but no ulceration. No granulomas were identified in
these sections. None of the germinal centres were poszitive
from measles virus., In only one case was a positive signal
obtained - in a single endothelial cell,

Kene of the tissues from either the affected children or the
positive or nocgative centrals showed evidence of
immunostaining for mumps, adenovirus or Herpes simplew wirus.
only these lymph nedes from HIV-pozitive individual with ATIDS
exhibited positive immunostalning with the HIV primary
antibody: characteristically, thiz was confined to follicular
dendritic cells. Rukella antikody produced focal positive
staining in brain tissne from a case of congaenital rubella
syndrome and some non-specific staining was seen occasionally
in the laminsr propria of both rormel and diseazed intestine.
Each antibody gave a signal that was appropriate feor its
respective target antigen in infected positive control cells
and/or tissus. No signal was seen in sections treated with
either correzponding neormal serum or witheut respective
primary antibody.

etections of Viral RNHA

The BNA fror the peripheral bklood moronuclear cells (PEMC) of
fourteen children with RED was =2nalysed for the presence of

both measles virus K and M gene ENAs. Negative controls were
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uszed cohsisting of RNA from both uninfected human umbilical
vein endothelial cells (HUVEC} and a rat hepatoma cell line.

In the affected children 5ml of blood was taken in EDTA tubes
and PEMC was isolated on ficoll density gradient. Cells were
wazh 1in DPBS, pelleted, and stored at -70°C wuntil RNA
extraction.

Tetal ENA was cxtracted from coded PBMC samples using an acid
guanidinium phencl-chloroform method. The RNA pellets were
washed twice with 70% ethanasl, resuspendad in 30pl1 of water
and stered at —-70°C. Thereafter 100ng of total RNA from PEMC
was used in a combined RT-PCR reactlion using rTih DHA
polymerase apnd EZ buffer with primers Ulkl and UlAZ according
to the manufacturer's instructicns. Forty thermal cycles wWere
performed using the following cycling parameters. Reaction
mixtures were incubated at 68°C for 30 min followed by a
denaturation step of 55°C for 3 min. Eeactions were then
subjected to a further forty thermal cycles of 95°C for 1 min
and SB°C fer 1 min. After a final extension at 60°C for 7
min, the reaction mixtures were cooled and 10ul of PCR product
eleztrophoresad on a 1.2% agarose gel. FCR products wers
viaualised under ultra wviolet light and transferred To our
Hybond-N menbrane. Southern hybridizaticn was alse performed
on the mexbrance using a “P-labelled internal oligonucleotide
proke (Uld}. Positive bands were extracted from agarose gel
using butancl. Direct seguencing of amplification products
wag carrizd out using a Tag Dye Primer seguencing Kit and
analysed using a 37378 DNA seduencer.

Meanszles virus H gene, but no H-gene ¢DHA was amplified from
duplicatc PEMC-RNA samples frem & of the 14 affected children
{seguence data from 3 of these children plus one case of
Crahnl's dicease and one case of ulecerative calitis and
sontrole are shown in Figure 1). One children whose biopsy

wag positive for the N-gene using FCR alss stained positive
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for the measles wvirus H-protein antigen. Sequence analysis
of the amplification product showed it to be consistent with
Schwarz vaocina-strain measles virus., Measles H and N gene
cDHNAs were also amplified from measles virus infected HUVEC
but not from sither PBMC-derived RNA from the & cases of S5PE
or any of the negative controls. Seguencea data from EHNA
derived from & brain tissues affected by SSFE are included in
Figure 1.

Detectioh of Viral Antibodies

Serum gsanples from 22 children affected with ilec-colonic
lymrhoid nodular hyperplasia, regressive devaelopment disorder
and non-specific colitis were compared with 32 control
children., The control group consisted of 13 normal children
and 19 pacdiatric patients admitted for routine surgery.
Males prodoeminated in the contreol group and all children were
undeyr 10 vears of age. For all wut one of the affected
children and 3ill controls, none had been re-vaccinated against

measles,

CSF scarvles were avalilabhle frowm 6 of the children with the
gyndrome.  Serum and CS5F IgG and IgM antibody immunoreactivity
to measles, rubella, mumps viruses and cytomegalcvirus (CMV)
was exenined by ELISA according to the manufacturer's
instructionz. For IgM assays, all samples were pre-treated
ta abzorb Igi and Rheumatecid Factor. In order to exclude a
non=specific polyclenal elevatieon in either Igs or IgM, total
serium IgC and IgH level:z were measured in affected children.
211 esamples woere analysed in duplicate, Iin parallel with

standard poszitive and negative control sera.

The mean measles virus Igé immunoreactivity, as detailed in
Table 1, was 4090{SEM+846) ¥MIU/ml for affected children and
2005(SEM*329) MIU/ml for the controls. The difference hetween
the means i# statistically significant (p=0.02). The

difference in ©nean values for rubella virus IgG
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immunoreactivity was not statistically significant when
affected children (59{SEMf18}IU/ml} and cantrols
(462 {SEM£9}TU/ml) were comparsd (p=0.4). Neither serum
measles nor rubella IgM immunereactivities were elevated.
Meazles and rubella IgG and IgM antibodies were undetectable

in OSrF sampltes from affected children.

The IgG immunoreactivity for mumps virus and cytemegalovirus
were alsc ascertain in the affected and control children. The

results are detailed in Table 1.

In order to awxclude a non-specific Igé respaonse, the
relationship hetween measles virus specific IgG
immunoreactivity and total IgG concentration was examined in
affacted children. Using logistic regrassion, ne
statistically significant relationship was obkserved {(p=0.7).
In addition, there was no statistically significant
relationship hetween measles Lggis and rubella IgG
immuneoreactivities in attfected children (p>0.4).
Tablz 1

Serology (Mean * SEM)
Mensles Mumpses lRubella CMV

affectad cases | 4090({+846) | 699 (£169) | 59(+18; |3 positive
Control cases 2005 (+329) | 723¢(2156) |46 (19} |7 positive

Peripneral blood sanples from a total of 12 affected children
were analvsed for total lvwmphocyte count (CP3), helper T cells
(CD4), cytotexic/suppressor T cells (CDE), B cells (CC19}, and
natural xiller cells {CD186). Ch4:¢D3 ratios were also
analyscd. IEIn the 12 children all but one showed sSome dedree
of immunodsficlency, as defined by low numbers of clireuiating

immune cells. All data are age-adjusted.
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Table 2
Tvpe of {No. of Mean Lkange of Hormal HNormal
cells childraen | value of | low wvalue at values at
with low | lower values 3 yrs 8 yrs
values limit {»10°% (x1Q* { x10°
ix10f cells;ml) celle/m}) cellsfmly
gella/ml)
T cells {10 0.54 j0.3-1.12 | 2.33-4.10 |0.B4-3.74
D4 3 .27 O,06-0.6 1.27-3.02 C.54-2.50
coa 10 0.22 0.05—-0.34 0.81=-1.54 [0.34-1.84
B cells | 10 0.24 0.02-0.4% |0.5-1.5 0.2-1.6
HK 10 0.11 0.01-0,21 | 0.3=0.7 0.08=-0.90

The atove tabulated dota suggests that c¢hildren with colitis

and regressive developmental disorder have an  acguired

immunodeficicnoy  in addition to persistent measles virus

irfection cof ivleal lympholid tissue.

The pattern of measles virus immuneostaining was dquite distinect
from that observed previously in €rohn's diseass, where it was
restricted to macrophages and endothelial cells in foci of
granilomatous inflammation. The absence of staining in the
ileal lympnacid follicles in koth Crohn's disease and cother
contral tissues indicates that in the present case of lymphoid
noditlar hyperplasia, the reacliion is not enly specifie, but may
at=o represent a novel pathogenic mechanism for measles virus.
An influence from both the above clinical and virological data
appears to be that elther the vaccine strain of +the measles
wvirus,

or its associated antigens, are capable of persisting

within intestinal tissue.

Examole o

The gere seguences of vaccine and wild-type measles virus H

regicn were determined using known metheods and the majority
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conseqjuences segquence of the measles virus H reglon saguences
using all wild-type and vaccine strain seguences for GenkEMBL on
1 June 1994 was alsc determined, as shown in Figure 1. These
sequences were then compared to the gene sesgquence of the H
region of measles virus isclated from patients with Crohn's
disease, ulcerative colitis and autisn, =& shown in Figure 1.
As the sequences show two of the patients, one with ulcerative
colitis and the other with autism had the game single amino
arid mutation at base 841% as the vacegine (Schwarz). None of
tne patients had exactly the same gene seylconce az the najority
consequences seguence or any of the sporadic wild strains. As
shown in Figure 1 the same seguence of the H region was also
compared with the gene sequence of measles isolated from IBD

patients with &£SPE sirains.

The sequence of the F regiﬁn of a Japanese strain AIE-C used in
the MYWR vaccine, along with the segquence of the F region of
warinus wild strains were compared with the gene seguence of
the ¥ region of a measles virus iselated from a patient with
Ccrohn's disease. Az can be seen from Figure 2, the F region of
fhe measles wirus isolated from the patient with Crohn's
disease has the same single amino acid mutation at base 3344,
4397, 5409 and $449% as varlants of the epcradic wila strains.
The mutaticn at 5442 alters an ATG coden., The ATG sequence
peing known as a STOF/START codon.

Accordingly, the F region of the measles gene is thought to ke

important 1n patients with Crohn's diseacse.
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Eey for Tahle 3
IL¥H = Lymphcid nodular hyperplasia

Normal Range Units

Haemoglobin(Hb] 11.5-14.5 g/dl
Packed cell volume (BPCV) 0.37-0.45
Mean cell volums (MCV) 76-100 pg/dl
Platelets 140-400 10°/1

white cell count {WBC)} 5.0-15.5 10°/1
Lymphooytes 2.2-8.6 10°/1
Eosinophils ©-0.4 107/1
ESR (-l1l5nm/hr

IaG 3-18 g/l

IgG: 3.53-7.25 g/l

TgG, 0-1-0.%% g/1

Igl 0.5-0.28g/1

TgM 0.6-2.8 g/1

IgE 2-62 gfl



256

Table 2

prsrgrimd .| prirsgciohe
AT SO DIl UE-sarmr 20T

[t e bl Licia

SROT I ACUS s
NIIE A LTI :

IR RN A THA TR AR

SN0 TS L I )

Ur THERFES

pE WD ST O T AN

sHERnIadAY progdudd)
[B2:] SAlLED) 503 DIHGI0S LD S0

LD PUE LIRS R N

ISR [RAL pRUiL A] s o
[ BADEEE IEIROD SHIETS LG DuongT)

wpnn s Ay rapched) (2ap aaoeal
1A S SNy DU FUR BNy

s aeeday
BIAL 0|

oAy Aol s

o)

-
=
o

£ ol tgowvl

[PLUITIR]

VL] [EILLAY S |3y

e ———

T IR U I CH T T Y ) B i L TR e [

el Ay gl & )| asnoRn
S0 TR B LI ST TN T e

izl ALy prat)duld)
JEF DRI IS QD FRSAS-U0U AN

_r_._.._._”__“__.r_ s

e T T ST s HY N T HE O W RRT LYY

IUEA LTI o | F e A

19 RR0 UL BIEDS KD LG AL U

napd. i pregthicf]) neeena e [HIEHe =N R I
LEAE SIAILEEG ST TR T R-LI0U DI EIET) JE|IDEC S |0 5SS LN TRl LR U N
glse|diaddy
BILAGTLLNA | LIS Ist (S [keEi|] 1A TR
L] R ER U AR RN N LR LLIPG UL 3G 15 fafy]
s i AT progei s s anoeEs I RIN T AP LTS8 ] s A | S A R F
CRL I SRS ARAEY e et | 2eng Auyoied fuo T e g e 1
e IH ! !

SINGT O3S
-] Apkshd U snd Ao eooo ainay

sbuipuyy jesiBofoisiy

i

AR I R R b MU ..I_m_um_.__._“_q._ ..m“..._.”__“...“."_ AR

stupuy mdessopuy

—_— e

LGT 7% OB B190EIL]

5339
i LMl g2 E D00 C0g 15T ke o

Pl 3l et el
i1 A LGOUISDE T ¢ Saang] tr g ATHA

-

L0 il

Eon Feldomn g AT,
10, D0AMALTD AL TETD

givu Arojrioqe) [ouiouyy

N —— T L T R e e

xag aby

_ .mbﬁ..

Y3




27

Table 4

ERPRRAY]

THIUGLL

4 O T e sy odenCun] o) uoIEInneap pue LU BASN D00 16 GL IO M - AR THATELT Tl
HIMA Buinad) o) syeam om0 ”
il SV g1 { ouownsud [eie, uenaoy qEUe L W LIRRN® 1 1L
o fle e L pOYdead0a | snnelydaon
é TIFUCLI G} ELmm s o yTEl 100 b Asnoanid) smseas) [Rila-13cd ]!
) T N Japlasp
Ll s
Bieph G SE[TLCLL {7 | Apid noyom saraiumg LAlmnnalasal nnonl 7oy A =00 ] bl ] e b AT anpsne o
S ) LBl BRUT U
ER SN § [einazes
Syl G sy g i 53] CWUALEAU0T CJERRS ShAw 7 e -Annd 1]
slegh g YWD LT | dauepluan azal WOENRLGT g ! M o Wwanne i
AR jas g sIURpIUAL B
SUIAGLL ], | Syl G DLED IIFALDY K SN YA | _ HLA Vit B fa]
h T LN o
giend § RUTLL LS JR0i00s JCARLRE] RO [0E - ) 10 N - Ty (FTEFHNT G
RGO Wl T ARl
- s 0 5500 . ARIDa LRI
. Aanfe s P
Syluas | SiBnA St EL Tl Y LY fr i u.....:_u_c&uﬁ ! 1L L USIne 1
£ SLILICL | JFAR] GLIE Lk oL . w__u_:_,.,m- s N
Snkb gy | suwow £ | Adnlin Jjog o LY Tan 7 - e Ew.::: -|ﬁ|
¢ Sl 7 LLinpnEfa a0y . Hiash | AL Em::.m. o L
10D naInGyag o
thopdwds O AL WCICILEAS [IreasA m5ys) " anioep Jo siuoind Ay sronlinn w
1541} 40 193U 18 oby Yuian AR08 58 S2anpra.y S 0y B solad oy Jenrieg PEILIIUDR 22nsodx:) [earennag 1D




ic

a5

25

30

Claims

1. A4 pharmaceutical composition for the treatiment of an MME
virus mediated diseage comprising a soluble dialysed leucocyte
extract compricing a transter factor(TT) formed by the dialysis
of wvirus-specific lymphocytes to a molecular weight filter cut-
off of 12,500 dlsposed in a pharmacoutically acceplable carrier
or diluent therefor.

R A composition according teo Ciaim 1 adapted [or use as &

vaccine for the prorhylaxis of mpasles virus.

3. A composition according to Clain 1 adapted for use as
therapy for IBD and/for EED.

4. A copposition according to any preceding claim wherein the
TF is a molecule of approximately 2006 to $00C Daltons and is
wold stabklo.

L A compesitiorn according to any preceding claim wherein the
composition ig adapted for subcutanecus, intramuscular or
intravenous injection or for administration via the oral route,

by suppository or by lncorporation inte liposomes.

6. A method for the treatment of Inflampmatory Bowel Disease
({IED] or Regressive Behavioural Disorder (RED) which comprises
sdministeoring to the subject suffering the effects of an MR
virus mediated disease a soluble dialyssd leucooyte extract
comprising a transfer factor forwmed by the dialysis of a virus-
specifiec lympheocyte to a molecular weight cut=-off of 12,500 in
a pharmaceutically acceptakle carrier or diluent therefor.

7. 5 method according <o calaim 6 wherein the MMR virus is a

parsistent measles virus.
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8. A method according to Claim 6 or 7 wherein the TF is a
molecule of approximately 2000 to 6000 Daltons and is cold
stable.

9. A method according teo any of Claims 6 or 8 adapted for
subcutaneous, intra muscular or intravencus injection or for
administration wvia the oral rcutae, by suppository or by

incerporation inte lipezomes.



