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lntroduction

“There are jodications of the emergence of s new syndrome comprising disintegrative
disorder and a possible euteritis assoclated with vitamin B12 deficiency, The syndrome
has been linked - anecdotally but consisteotly ~ with either measies or measlesfrubella
vaccination. It appears to oocor in previously well and developmentally normal children
following exposure to these vaccines,

Disintegrative disorder (Heller's disease)

Disintegrative disorder (or Heller's disease) conurs when normally developing
children suddendy, or over a period of several months, show marked hehaviour changes
and developmental ragression after age 2, ofien in association with same loss of co-
ordisation and bowel or blagdder function (Reviewed by Rutter ¢t ol (1). Behavioral
changes incude social withdrawal, reduced response to sounds, complete loss of
communication, unusual sensory behaviours and development of simple rituals and hand
and finger stereotypes, much like those of autistic children, However, disintegrative
disorder differs from autism in the s of motor and seflhelp skills and usually, too, in
the tack of more complex stercotype behavioral patterns (although simple motor
siereotypes may oceur).  This rare disorder can sometimes be linked 0 mensies
encephalitls, cerobral lipoidoses, leukodystrophies or other eurological conditions but
in most cases no clear cause is ever identified. Even in cases where progressive
neurological disoeder is eventunlly identified, nitial medical tests are often negative and
sometimes diagnoses of hysterical rexctions are considered. Thus, it is important to
repeat medical investigations if a child's conditions does not improve.,

Two different courses are typical of children with regressions occurring after the
first few years. Most comman are regressions that extend over several months and thea
plateay, resulling in a developmental and bebavioral partern that looks much like antism
with severs menia} handicap, In some cases, deterioration continues, with incrensed
motor dysfunction, development of scizures and localized neurological signg,

Another disorder that overlaps in a symptomatology but that does rot have quite
s8¢ poor a prognosis is Landau-Kieffner syndrome of acquired aphasia with epilepsy,
Children with this disorder lose receptive and sxpressive language usually over & period
of months, typically is conjunction with the development of seizures or fransicnt EEG
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abnormalitics, Some social withdrawal and unusual behaviours may oceur, but usually
relatively sormal social reiaﬁnmhiys are maiatained with parents and others knowd 10
the chidd, Non verbal cognitive functioning remaios intact. In mogt cases, the outlook
for these children is better than far children with disintegrative psychioses or sutism, and
sometimes language 3 eventually regained.

Evidence is acoumulating for the partivipation of immune mechapisms in the
pathogenesis of this conditions, inctuding the prescnce of circnlating antibodies t myelin
basic protein (MBP) (2,3) and the putative brain serotonio receptors (4). A recent study
identified an increase in circulating DR+ (activated) T cells in affected subjects without
an increase in 11-2 receptor+ cells {5), suggasting incomplete activation of the immune
systemn, a finding that bas been ohserved in several established autoimmune disorders
{6-9), including chronic sutoimemune bepatitis, a disease in which & role for measles ving
has been implicated {10).

Complement, measles and disintegrarive disorder: The association between measies vaccing
and disintegrative disorder has been soted independently by Warren R et al in Utah,
where they have linked susceptibility to this condition which they have termed secondary
antism) to a cougenital deficiency of the CAB complement protein (13, 12). They
identified a deficicnt form (null aliele} of the C4B gene located in the ciass TII region
of the MHC complex, which occurred more thin twice as often in affected individuals
as in a matched, normal population. The C4B gene products are crucial to activation of
the classical complement patbway, & vital mecbanism for protection against invading
microorganisms, The écival relationship of the OAB null allele to the induction of
disimegrative disorder is not known. Hypothetically, individuals inheriting one or two
CAB null alfeles may not be able 1o dear cerain viruses cotmplctely, include live
*siteruated” vaccine strains., Porsistent infection may induce the development of
chronically sctivated T oell clones with reactivity to pitopes in the central nervous
systens fmmune mediated damage to, for example, myclin in the developing brain muy
result in clinical disease, The study will seck 1o idemify and characterise botl inherited
and acquired sbnormalities of cumplement activation and complement regulation, based
upon the hypothesis that abnormal complament regulation is central to the susceptibility
and subsequent expression of disease.

Enteritie: mothers of those children reported 1o us, describe a variety of abidominal signs
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and symptoms suggesting intestinal pathology. Thesc include pain, bioating, alternating
constipation and diarrhoes, steatorrhoea and faifure 1o fheive. Behavioral symptoms
paraliel intestinal disturbances. Some have documented macrocytic of iron deficiency
anaemias. As yet, the pathogenesis of these fcatures have not been established. This
study afms to identify and characterise any worphological and immunohistochemical
changes in intestinal tissues of individuals affected by the syndrome and to seek, using
established technigues, the presence of measles and rubella virus proieins and RNAs,
using appropriate positive and negative controls (Appendix 1.

1t is potable that the link between the major elements of this possible syndrome -
CNS disease, enteritls, measles virus and comploment dysregulation - has been made
vefore. Idiopathic inflammatory bowel disease (Crobn's disease and ulosrative colitis)
is associated with multiple sclerosis (13-17), an immune demyelinaling discase of the
central nervous system: measles virus has boen linked, independently, to both conditions
(18, 19). In addition, familial sbnermalitics of complement regulation have been
described in inflammatory bowel diszase (20). Although the precise nature of this link
has not been established, it may provide a paradigm for co-existing and refated cerebral
and put-associated inonune pathologies.

By; {Cobalamin: Cbl) metabolion, entenitls and disintegrative disorder: The bulk of the
vitamin B12 (Cbl) in the body i tepresent as its two co-enzymes methyl cobalamin
{MeChi) and adenosylcobalamin (AdoCbl). Both are required for normal ccliular
rmetabolism (12). Cbl is known 10 be involved in only 3 reactions in buman tissues: as
ado-Ch} in the isomerisation of methyimaloayl CoA to succiny} CoA and of a-leucing to
B-teucine, and as MeUbl in the methylation of bomocystine to methionine, a reaction
which also requires methyltetrahydrofolate, A tissue deficdency of MeChl leads to
increased plasma Bomocystine levels and urinary excretion of bomocystine (12). AdoChi
is co-enzyme to methylmalonyl CoA mutase required in the final step or propionate 1o
succinate catsbolism.  Depletion of cellular AdoCHl Jeads to raised levels of
methylmalonic acid (MMA) in plasma and increased urinary MMA  excretion.
Absorption of Cbi kes place in the terminal Beum through a process of receptor
mediated endocytosis 1o the plasma Cbl-binding protein transcobalamin 1.




The role of cobalamins and pathophysiology of cobalamin deficiency in the central nervous
System.
The evidence thiat Cbl plays & role in the central nervous system comes from several
sources. These include case reports describing nevrclogical complications in patients
with Cbl deficiency and in patients with inbora ervors affecting Chi metabolic pathways.
In addition, animal models have provided experimenial evidence that Cbl i necessary
for normal function of the nervous systam. 1t is notable that neurological symptoras of
Cbi deficiency may be the presenting features and neurological ehaﬂgves frequently OCour
without ansemia or macrocytosis (reviewed by Green and Jacobsen: ref. 13},
Clinical featwres of Chl-deficient miysloneuropathy.
The principal role of Ob! appears 1o be in myelin producing eclls (oligodendroglia), and
therefore the pathological effects of deficiency are Jargely as & colsequency of
myclopathy. The central ncrvous system appears 10 be more susceptible to Chl-
deficiency in infants and children than adoits, and involvement is diffuse cather than |
localised. This may be due to rapid and more widespread myelinogenesis dusing this
period of active growth and development of the nervous system: ascordingly, in Chi-
deficient infamts and children, a somewhat different spectrum of neurological
cumplications is seen compared with adults. In paediatric patients Chli-deficiency is
usually associated with inborn errors of Cbl metabolism, Cbl-dependent enzymes, of
binding proieins which mediate traasport of Cbl (15}. The more common neusological
misnifestations encountered in such patienss jrclude seizures, menial retardation and
shuormal cesebellar and spinal cord function. In addition to metabolic errors, a
syadrame of Chi-deficiency has been described in breast-fed infants of siriculy vegetarian
mothers consisting of apathy, developmental regression and involuntary movements of
the head, trunk and Embs (22).

Elcctro-physiological abnormalities associated with Cbl myelopathy slowed nerve
conduction, sbnormal electrosncephalogram traciogs, delayed visual evoked responses,
and abnormal brain stem auditory evoXed responses and sensory evoked sesponses.

Pathogenesis of Chl-deficient myelonciwopaiby.
The mechanism whereby Cbi-deficlency resuits in neurological damnage is not known.
Several hypotheses have been advanced, although none fully or satisfactorily explain the
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pathogenesis of neurologica! damage. Overall, however, aberrant myelin synthesis
appears 10 be central to the pathological changes that are observed.

Chl-deficiency and disintegrative disorder.

A recent, a5 yet, unreported pliot study of cobalamin metabolism in children with
disintegrative disorder and for attention deficit/byperactive disorder (AD/HD) has shown
this many had sbnormally incressed MMA excievon and other signs of impaired
cobalamin function (Linnell J, personsd communication). Some then received high
dosage cobalsmin treatment which reduced MMA excretion t normal and sppeared 10
confer other benelits, although these were difficult to quantify. Most of these children
had as yet undefined intestinal problems; tie proposed investigation will include as
assexsment of intestinal status and function in addition to a range of metabolic rests to
assess cobalumin function and metabolism.

Stadiss of children with inberited errors of B12 metabolism have shown thas
cobatamin deficiency is due either to impaired intestinal sbsorption, ineffective plasma
trarsport or defective cellular metabolism, A gross defect is rare and can be life
threatening but a subtle deficiency appears moré commonly and rmzi?is& assesgimeat.
Functionad cobatamin status is better indicated by direct measurement of the cobalamin
co-chzymes of the relevant metabolites than by assaying the ‘serum BIY (24). This is
because most of the circulating cobalamin is firmly attached 10 an inactive protein binder
of long half-life which does not promote tissue uptake of the vitamin {25).

The proposed studies are designed to determine whether Bi2 deficiency in
affected children orcurs as a consequence of failure of terminal Hleal reabsorption due
0 cteropathy, or alternatively, whether there is & jomate error of BI2 metabokism in
such individuals.

Warking hypotheses }

The possible link between an environmenta) fnsalt {measles/rubella vaccine) in 2
previously healthy child, who may be genetically susceptible {0 responding
inappropriately to the virus{es) via abnormal wmpicmt regulation, und the subsequent
development of enteritis, Chideficiency and disintegrative disorder, permits several
working hypotheses fo be proposed.

1) Enteritis hypothesis: the simplest model may be as {oliows: In the genstically
suseeptible individual, the measles viros does not induce an sppropriste complement
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response leading to persistont infection and inflammation.

i failare of pormal entatitis
Well but genetically | measles complemant ,
susceptible child  |™2] vaccination |7} activation and |~
i persistent gnteric
infection -
3§ Disimegrative disorder Chl deficiency with | v »
K  defective €| Cbl malabsorption
myelinogenests
L .

Figure 1. The “enteritis” model for disintegrative disorder

This scenario is supported, indirectly and anecdotally, by the clinical improvement in
some affected childeen tweated with bl replacement (Linpell J, personal
communication). ¥t also suggests that therapeutic intervention diréeied at controlling the
enteritis and replaciag Thi, may be of benefit.

2 Encephalitis/eateritis bypothesiy

“Thin invokes that in the genetically susceptible infant, vaccination leads to persistent
measles virus infection of both the gut and the brain. Tt is possible that ensuing
inflammation may ocour either as g dicect result of infection, or via the immune response
1o persistent infection, Any Ch! deficiency that occurs as 2 consequence of the enteitis,
may then exacerbate neurological damage, but iy not {ts prime cause. The cbservation
that disintegrative disorder may follow acte meagies emcephalitis, supports this
hypothetical pathway, This scenario would be less likely to be umenable to specific
therapy since persistent mensles virus infection cannot, &8 yet, be eradicaed, although
bl replacement may still be of some benefit,



{ ceretiral infection

Well bat gemﬁca’iig ] Micisles vaccination |7
susceptible child N ~, v
intestinal infection
encephalitis
— { myelopathy
. | enteritis | —>{ Cbl doficiency T
Figure £, The "encephalita/enicnts, model for disintegrative disarder.

‘The proposed studies will involve:
1. Identification and characterisation of any intestinal pathology in affected children
by:

« full history/clinical examination (see appendix 2)

« FBC, ESR, U & Es, LFTs, TFT, CRP, Factor X1, antiendomyseal antibodies IgE,
18 subsets. IgA, (gM (1otal

s Measies and rubetia IgG and IgM immunoreactivity (ELISA & RIA)

« Colonoscopy/ileoscopy and biopsy (formaliv + frozer) to include bath normal sod
+ Histology and immunohistochemistry for measies viras N-protein, and rubelia virus as
deseribed previously {24). Other stodics will be performed as indicated (cg GAGS, Teell
narkers eic)

« Ultrasructaral analysis of mucosal biopsies for more subtle changes

» RNA exiraction from frozen biopsies and amplification of measies and rubella virus
RNAs (appendix 1),

s Exclusion of other G infections - shigella, campylobacter, cytomegalovirus, rotavirus,
salmonslla,

2. Neuropsychiatrie studies {Dr Mark Berclowitz)

Confirmation and characterisation of disintegrative disorder features of

CAPA - Child and Adelescent psychistric assessment.

ADY - Autism diagnostic interview,
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3. Neurological and neuraradivlogical smudies (Dr P, Harvey)

Full clinical examination: Magnetc Resonance Imaging (MRY), Lumbar puncturé and
CSF antibody profile (meusies: rabelis), cytokine measurement, Electroencephalography
{BEG) with visual, somatosensory and brain stem auditory evoked potentials,

4. Cobalamdn studies (Dr J LinneH)

41 A modificd Schilling test will be carried oul 1o assess inestinal cobalamin
absorption from food (25). MMA and creatinine will be estimated in random uripe
specimens (26). Biood samples will be required for plasma total horocystine and total
cobalamin assays (27). The blood will need to be protected From exposure to white light
if plasma cobalamin coerzymes are aiso to be estimated (28).
«  Modified Schilling Test
Approx. 1mCi Co-Cyanorobalamin {CNCbI) 1o cooked opg is ingestad, 3 fushing
dose of 1tg CNCY! is sdministered Lm. and the total urise cutput coliected for
24 hos. .

42  Urinaty MMA exeretion

A random urine specimen (10-20l) is required, MMA is estimated by 2 thin layer
chromatography (TLL) metbod and creatinine by a routine chemical analyser racthod.
This is cffectively a screening method which can be repeated on a 24-hr urine collection
if indicuted,

43  Plasma wtal bomocystine
Plasma {0.5-1.0mi} is exiracied and derivatised and the homocystine-derivative sepanated
by high pressure liquid chromatography (HPLC) and detected fuorimeteically.

44  Plasma total cobalamin

Plasma (1.0ml) is extracted in an acid/cyanide bulfer and total cobalamin assayed by &
radivisotepic method using seram as binding sgent.
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45  Cobalwmin coenzymes

Plasras {2.0m}) is extracted with bot ethanot and concentrated in a darkrooam. Coanzyme
and other forms of cobalamin in the extraet are separaied by TLC and detocted
bioamtographically, overlaying the chromatograro with &n agar medium containing 3
cobhalamin-sensitive E.coli,

5. Complement studies
{to be completed) DNA /OB genotyping

Practical issues ‘

i Firstly, and significantly, this is a demanding protocul both for the children, and
for those clinicians carrying out invasive proceduwres in particular. Due consideration
should be given to this when planning the details of the admission. However, it is
essentind that we characterise a3 compreheasively as possible, the pathogenesis of this
condition « control of any underying intestingl inununopathalogy may opin up gew
therapeutic avenues for the treatment of affected children. Our ability to confirm or
exclude a role of measies or measies/rubelin vaccing also bas major implications for
public health,

#i.  Referrals will be co-ordinated by ATW, JW-5 and M, such that they will be
sdmitted for colonoscapy preparation on 3 Sunday sfernvon. Patiemts and their
parent(s} will remain in hospital for one week. A plan of investigation is shown in
Appendix 3.
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APPENDIX 1

1. RNA EXTRACTION ON INTESTINAL BIOPSIES

Using s DEPC-treated, autoclaved dispersing shaft, homogenise ~3500g of snap
frozen tissue in 3 el of Towl RNA Isolaton Reagemt (Applied
Biotechnologics), Alternatively, use 1ml of reagent per biopsy specimen or 10
cultured cells. v .

i. Leave homoganate at 4°C for § mia. to allow dissosistion of suclcoprotein
complexes from RNA.

2. Split hompgenaie into 3 Iarge Eppendorf tubes (1mi per whej and add 200 »
t of chioroform 1o euch tube. Vortex and leave at 4°C for § min.

3. Centrifuge homoganate at 12,000g for 15 min. at 4°C,

4. Transfer the upper agueous phase to a fresh Eppendor], add an equal volume
of sopropanol and leave for 10 min. a1 4°C,

5. Centrifuge at 12,0008 for 10 min. at 4°C, remove the supematant and wash
pelier rwice with 75% ethanol.

8. Resuspend peliet in DEPC-treated water and aliquot RNA solution,

Estimate RNA concentration vig OD,,, Estimate RNA purity viz 0Dy /OD,,,.
Examine RNA integrity viu agarose gel electrophoresis.



2. HYBRID CAPTURE

Aliquot 10 u! of magnetic solid phase suppors containing 40 mer
olignrmcleotides complementary and internal to the virus target
sequence {nto 1.5 mi Eppendorf tubs. Hybrid capture for measles RNA
sequences uses the oligosucicotides HC1 & HO2 Histed below

Wash supports 3 times with 100  of binding buffer.

i Add 50 pl of hipding bulfee up to 50 i of RNA sumple {eostaining up to 50 ug of
RNA ) snd sifow 1o hybridise st rocm (empexaivee for X0 mia,

3 Wash supports twice with 300  of wash buffer then add 50 it of DEPC-reaied water
anid Hlute captored soquences &8 80 for 15 min

4. Use 16 ut of elutant for RT-PCR / NASBA amplification,

o
H

Hybrid Capture Sequences
HCL AGA AAT GAT ACT TGG GCT TGT CTG GGT CCA ACC GCT CAT C
HC2 GTT TCA GAG ATT GCA ATG CAA CTG CTG AGG ACA AGATCA G

s HC1 is a downstream primer binding 1o positions 1328-1368 of the MV

genome,
« HC2 is an upstream primer binding to positions 1288-1322 of the MV
anigenamne.
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3. Tk RT-PCR AMPLIFICATION

1. Add 10 i of hybrid capture elutant to 40 ul of s ¥Tth polymerase { Perkin

Eimer ) reaction mixwure { propared in a ciean room ) containing WEZ buffer,

25 mM Mn(OAc),, 300 oM cach ANTP, 045 uM gach PCR primer and 53U

tih polymerase.

Overlay with 60 ul of mineral oif and incubate reaction mixture at $0°C for

30 min, fotiowed by 95°C for 2 min,

3. Thermal cycle tho resction mixture 40 times at 94°C for 60 sec. and 56°C for
60 see. followed by @ final extension of 56°C for 7 min.

4. Lise 10 ul of mixture for gel electrophoresis and Southern blor analysis, using
an internal probe ( for instance MV6 ) for hybridization.

o

EZ Bulter
250 mM Bicine, §75 mM Potassium Acetate, 309 Giycerol, pH 82,

Meaales PCR Primers
MV3 {Upstream) AGC ATC TGA ACT CGG TAT CAG
MV4 (Downstream?} AGC TCT CGC ATC ACT TGC TCT

» MW¥3 binds ta positions 1248. 1269 of the measles virus antigenome.
« MV4 binds to positions 1480-1501 of the measles virus genome.
* PCR product = 253bp.

Internal Probe
MVé ATC AGT AGA GCA GTT GGA CC
« MVé6 binds to positions 1324 ~ 1344 of the meesles vins anigenome.
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4, NUCLEIC ACID SEQUENCE BASED AMPLIFICATION

1. u a clean room, make up the following reaction mixture:

REAGENT VOLUME(uf)
DEPC-AHO 0
5xNN Buifer 40
3x Primier mix 40
100

2. Vortex master mix and aliguot,

3. In a separate room, add 5 xl of hybrid capure elutant to ¢ach tube, mix and
incubate at 65°C for § min. |

4. Transfer samples to a 41°C waterbath for 5 min, then add 5l of 4x enayme
mix to cach tube. Mix using pipette. Do not vortex.

5, Incubate samples at 41°C for 5 min. then pulse and incubate at 41°%C for &
furthier 90 min.

6. Nucieic acld reactivn products are analysed via Northern hybridization for
specific measles products using &n ioternal Rp_end labelled oligonucieotide {
for instance MVE).

SxNN Buffer

REAGENT . YOLUME(@Y) FINAL
COMNCENTRATION

1 M Tris. pHES 2000 40 raM
T M Mgl 60.0 12 mM
4 M KCI 875 70 mM
1M DTT 250 5 mM
20 mM Bach dNTP 560 1 mM
20 mM ATP,UTP,CTP 1000 ZmM
20 mM GTP 758 15 mM
100 mM TP 548 .5 mM
DEPC-dH0 215

SxPrimer Mix
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DMSO 1o a final concentration of 75%.
Primer 1 and primer 2 to final concentrations of 1.0 u M.

AxEazyme Mix

REGENT VOLUME(uY) FINAL
CONCENTRATION

DEPCR,O 969.0 =

4.5 M Sorbiol 668.0 IS M

20 mg/ml BSA 420 084 my/m!

0.87 Ujul RNase H 369 0.016 U/pul

70 Uful T7 Polymerase 1840 64 Ujul

253 Ujul AMV.RT 1010 13 U4

Aliquot and store at ~HC. DO NOT VORTEX.

Measles Primers for NASEA ’

AB20 (Upstroam) AGG GCA AGA GAT GGT AAG GA

AB2Z (Downsircam)  AAT TCT AAT ACG ACT CAC TAT AGG G
GA TCA CCG TGT AGA AAT GAC A

Bold type imdicates T7 Polymerase binding site.

AB20 binds to pugitions 1200-1219 of the meades virus antigenome,
AB22 binds to positions 1358-13 of the reasles virus gonome.
NASBA product = 179,

internal Probe
MVe ATC AGT AGA GCA GTT GGA CC
« MV5 binds to positions 1334 - 1344 of the measles virus anigenome,

Nick
Seguencing Studies
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