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Progetto di diagnosi precoce delle mucopolisaccaridosi e delle malattie da accumulo

lisosomiale nel bambino e nell’adulto mediante dosaggi in Spettrometria di Massa Tandem

Il progetio di screening delle malattie da accumulo lisosomiale mediante tecnologia di
Spettrometria di Massa Tandem, portato avanti nell'anno 2012, ha come naturale continuita questo
progetto per 2013 nel quale la diagnostica verra ampliata alle mucopolisaccaridosi.

Le mucopolisaccaridosi sono un ampio ed eterogeneo gruppo di malattie da accumulo lisosomiale
e presentano una storia clinica simile alle malattie fino ad ora studiate. Infatti anche in questo caso
abbiamo un progressivo ed inesorabile accumulo di sostanze {mucopolisaccaridi o
glucosaminoglicani) che determinano un progressivo ed irreversibile danno a carico di diversi
organi ed apparati.

Tal malattie fino ad ora specifiche del bambino, si & recentemente evidenziato possano essere
anche malattie delladuito, infatti esistono forme pilr lievi di difficile diagnosi e questo in quanto il
medico delladulto non & abituatoc a pensare in termini di malattia genetica e difficilmente riesce ad
individuarle.

A questo scopo il progetio prevede il coinvolgimento sia dei pediatri ma anche dei medici
dell’adulto nell’ invio di campioni di pazienti con sospetta mucopolisaccaridosi.

A questo scopo & prevista la stampa di brochure divulgative che permettano al medico anche non
specialista di soffermarsi facilmente su sintomi di sospetto di mucopolisaccaridosi nei propri
pazienti. Questo materiale informativo verra diffuso nellambito degli incontri di aggiornamento dei
medici pediatri e dell'aduito (medici di medicina generale e specialisti}.

| campioni utilizzati per la diagnosi saranno campioni di urine (che potranno viaggiare a
temperatura ambiente essendo i glucasaminoglicani non deperibili a temperatura ambiente) e
raggiungere il nostro laboratorio.

Il nostro progetto prevede il dosaggio di queste sostanze in spettrometria di massa e la
successiva conferma diagnostica mediante il dosaggio dell’'enzima carente sempre in spettrometria

di massa su sangue adsorbito su Guthrie card come nelle altre malattie da accumulo lisosomiale.
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Il dosaggio dei glucosaminoglicani permette di sospettare un determinato sottotipo di
mucopolisaccaridosi (in base allaccumulo di dermatansolfato, eparansolfato o cheratansolfato) e
solo il dosaggio dell'enzima specifico permettera la diagnosi definitiva.

Il progetto prevede in particolare due figure professionali per la realizzazione grafica del
materiale informativo (brochure, locandine) da diffondere in apposite sedi in ambito regionale al
fine di diffondere e far conoscere i pill comuni sintomi di sospetto nelle diverse forme di
mucopolisaccaridosi e per la gestione informatizzata della raccolta dei campioni. Tale personale
verra inoltre impiegato per la gestione informatizzata dello screening neonatale esteso. Infatti nel
2012 & stato acquisito mediante finanziamento regionale un software che permette la gestione
delle anagrafiche dei campioni dello screening neonatale. Questo software consente in particolare
anche la tracciabilita del campione dall’invio dal Centro fino alla ricezione del campione e alla

refertazione del risultato dell’analisi.
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Quantification of glycosaminoglycans in urine by isotope-dilution liquid chromatography-
electrospray ionization tandem mass spectrometry.
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Utilita degli anticorpi anti-actina in combinazione con le nuove linee guida ESPGHAN per la

diagnosi della malattia celiaca

Premessa:

Abbiamo recentemente dimostrato mediante analisi retrospettiva che gli anticorpi anti-actina
filamentosa (AAA) possono essere utili a migliorare il potere predittivo dell’algoritmo ESPGHAN
che consente di fare diagnosi di malattia celiaca senza necessariamente praticare la biopsia

duodenale (vedi pubblicazione aliegata).

Per il 2013 vogliamo invece avviare una analisi prospettica per dimostrare in modo inequivocabile

la sua applicazicne.

Prevediamo quindi di avvalerci della coltaborazione di tre biologhe che eseguano tra altri esami
indispensabili per un normale funzionamento del laboratorio anche gli esami indispensabili per
applicare il nostro algoritmo per la diagnosi di malattia celiaca senza esecuzione della biopsia
ducdenale: la determinazione degli anticorpi anti-transglutaminasi, degli anticorpi anti actina

filamentosa e del rischio genetico per malattia celiaca.
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ABSTRACT

AIM: An option to reduce the number of duodenal biopsics in the
diagnosis of coslige disease (CD) has recently been reporied by the
European Society for Pasdiatric Gastroenterology, Meparclogy, and

Nutrifion. New critesia showed that the duodenal biopsy may be
avoided in presence of sympioms, high anti-transgluizninase type 2
antibody (anti-TG2) levels, anti~ndomysial amyibodies (EMA) and
aterisk HLA, whilst biopsy st rematns mandatory for individypls
with moderme and Jow anti-TG2 levels, In this study, we considered
the addition of scrum messurment of anti-actin 1gA antibody
{AAA-TRA) o the new driteria, with the atm of fardier reducing the
nuenber of duodenal biopsies.

METHODS: One hundred and forty consecutive symptomatic CD
children and 78 controls were smdied. All subjcots were clagsified
aecording 1o the tew criteria with the addition of AAAgA levels
and results wers compared with the oateomme of duodena) biopsy,
RESULTS: The biopsics from the sixty-four individuals (out of
2)8) identified by the new criteria, presence of symptoms, anti-TG2
levels >10 times upper fimit of normal (ULN), positive EMA and
at-risk HLA. showed CI» with a Marsh 3 Jesion. In the remaibing
ndividuals, the addition of AAA-TgA allowed the detsction of
further 20 CD patients with 4 Marsh 3 damege when modorate (4 to
1) times OLN) but nat low anti-TG2 levels were present,
CONCLUSIONS: Our study confirms that the new eritevia may avoid
the dundenal biopsy in many CD patients. Moreover, although our
finding needs to be confirmed, positivity for AAA-IzA may further
reducs the number of ducdent] biopsies in modesste anti=T02 fovels.

€ 2013 ACT. All rights reserved,
Key words: Celiac dissase; ESPGHAN; AAACLA; anli-TG2
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INTRODUCTION

Cocliae disease (CD), is an immune-mediated systemio disease
triggered and maintained by dietary gluten in genetically predisposed
individuals, charagterized by a variable small intestinal villous
damage and by diflerent clinical manifesimtions.

fn the Jast 15 yeurs, the knowledge of the disense mechanisms
has inareased with the diseavery of the autosntigen in CD, tissua
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tramiglutaminase type 2, and its antibody (anti-TG2) and of u
rouititude of different gencs by Genome Wide Association Studies
(GWAS} with the human Jeukoeyte antigen HLA-DQZ and HLA-
DQB being the most strongly assotiard™,

Recently, 3 synopsis summarizing some of the evidence stitements
and recommendations of the puidelings In €D diagnesis for use in
clinical practice has been formulated by a working group within the
European Society for Pacdiaric Gastroentemiogy, Hepatology, and
Nutrition (ESPGHANY™,

An Importent stattwnent of ttese guidelines is the devolopment of
iwo new algorithms for CD diagnosis which congider as starting point
(1) the presence of symptoms and signs suggestive of €D in chidren
and adolescents (algorithm 1) and (2) the absence of symptoms and
§igns in persons at genatic risk for developing CD (algonithm 2),

We have cansidered in the present work the most interesting of
the algorithms, algorithm 1: it allows the diagnosis of CD without
performing the duodenal biopsy for those children and adolescents
with symptoms and signs suggestive of CD, anti-TG2 Jeveis>10
times upper limit of normal (UILN}, positive confirmation tests of
anti-sndomisism-TgA antibodies (EMA) and with the presenee of ats
risk HLA-DQ2 or -DOS.

1f all these requircments were fulfilled, the diagnasis of CD s
cantinmed, ghnen free diet is started and the patient is studied for
improvement of symptoms and deeline of antoantibodies. A Jater
gluten challenge in thess patients is not required™.

However, it has been established that symptomutic CD panents
with elevated deprees of intestinal damage may also been found
among those with anti-TG2 levels lower than 10 times LN,
Therefore, a high number of sympromatic CD patiants with anti-TG2
levels lower than 10 times ULN, not enclosable within glgorithm |,
sl necessitae a duodena! hiopsy.

Since anti-actin lgA antibodies {AAA-IgA) directed against
actin fllaments ave strongly correlated with total or yubrotal
intestingl atrophy", we hypothesized that serum messuring of this
auloantibody could eontribute in increasing the aumber of paiicnts
who could avoid the duodengl biopsy,

This study considered the addition of serum measurement of AAA-
IgA 1o algorithm 1, with the aim of firther reducing e number of
duodenal biopsies.

MATERIALS

Fatients

Our group eansisted of 150 consecutive Sardiniun CO patients (113
females, 35 males, ratio fomales/males 3.3, mean apge a1 diagnosia &
yeaws, renge from 2 10 18 years), 140 presented symptoms supgesrive
of CD (Table 1) whikt 10 were not included in the study because
asymplomatic and for this reason the dlgorithm 1 of Hushy f of was
not spplicable. fn addition, 5 patients with TgA deficiency, a wall-
known condition complicating the interpretation of the saological
pattern of CB), were not included in the smdy. All patients were
diagnosed according ESPGHAN criteria™ and were recruited
from & larger number of 5680 subjects attending the ambulatory of
the Pedintric Gastrocterological Unit in Cagliari, ltaly between
2003-2011. A further group of 78 individuals with persistent
significant gastrointestinal symyptoms, already characterized by upper
digestive cndoscopy and small bowel biopsy”’!, were usad as non-CD
subjects. All 218 individuals were characterized for histopathology,
anti-TG2, EMA, HLA typing and AAA-IgA.

Anti-TG2
ADti=TG2 was determined using the ELIA commercial kits

Table 1 Prevalence of the symptoms suggestive of CIY in our cohort of
children and sdolescents,

Symplows T O patienta n ()
Dinrrhoen 38 (27.4%)
Tron deficiency ansemin 23 (16.4%)
Short stature/ growth failore 23 (16.4%)
Abdominal pain 21 {15%}
Weight loss 9 (6.4%)
Chronic fatigue B{3.7%)
Constipation 7 (50%)
Vomiting 4 (20%)
Increasat) Javoed of lzwr nzymes 1 (29%)
Trritability 2 (1.4%)

[mmunoCAP (Phadia, Milan, Ttaly) after serum dilation when
neecssary. Resubis were expressed in times upper limit of normal
with a cut-off of T Umd..,

- EMA

EMA was determined by immunofluorescence (Delts
Biologiculs, Rome, Ttaly). Results were expressad as intensity of
immunoflucrescence from 0 to 4. With the aim of reducing false
positives, only strong immunofiuorescence | |m1ty {Auorestense of
2 or higher) was eonsidered positive.

HLA typing

To type for HLA-DRB1 &nd -DQB] alleles™, HLA Olerup 38
Molecular Typing Kits (Roche, Swoden) were used acconding w the
menufichirer’s instructions. The identification of the varioys DRB1,
DOQA1, DQBI haplotypes in CD patients was performed following
the scgregation of HLA heplotypes in families™™, In this smdy, the
brver forms of HLA-DQ2, teemed DQ2.5 and DQ2.2 respectively, were
sonsidered sepasately as the risk ol DQ2.2 molecule for cosliac disease
Is lower than DQL.S, unless it is expressed together with DQ2.5'W,

AAAlgA

AAAARA i s immunofiuersscence-based scrological st developed
in our labaratory, which has been validated in a naulticenter study™
as 8 usoful marker of an clevated grade of intestinal damage
associnted with CID. Results were expressed by immunoflucvescence
intensity from D to 4. To reduce false positives, only strong
fuorescence intensity (2 or higher) was considered positiva,

Histupathelogy

For sach patient, 2 or more bmpsm wers taken from the second/thind
pertion of the dundenum (at least 4 samples), und a1 least | biopsy
was takon from the duodenal bulb™™, Inwstinal villous awophy has
been graded according e the Marsh classification! modified by
Oberhuber in type 3¢, 3band 3a 2, 1 and 0"" always by the same
baard-certified pathologists,

Statistical analysis
The frequoncies of outcomes were analyzed wsing the chi squere tagr
where nppropriate. A p valug <0.05 was aonsidered significant.

RESULTS

The one hundeed and forty CO patients and 78 controls wores
wiassified according to the presence of symptoms and signs
suggestive of CD, anti-TG2 levels, positivity for EMA and for HLA-
DQ2 {in eis or in sy or -DOQS as recently reported by Husby o
af™ (Figure 1). Among the CD patients, the histopathalogy according
to Marsh-Oberhuber classification™ '™ showed a (ype 3c lesion in
ST, type 3bin 44, type Sain 16, typ2 21in 2, type | in 4 und ype 0

4
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M symptomanic sabjecis with 4 = gpb-T63 < 10
ULN positive for EMA and far DR or DOS
]

20 14
positive for AAA-lgA | |_neeativa for AAA-IgA
3 Y
Degrees of amophy Degrees of abrophy
3ee=yg 3cm2
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Jaa) Ja=2
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CO positive OFaland
GFD biopsiss

and Fly

Figare 3 Distribution of AAA-IgA in the 34 subjects of subgpoup 3 with
ant-TO2 lavels comprised between 4 and 10 ULN, CD: voalise diseasd;
anH-TG2: anti-transglutaminase type 2 antibody; ULN: upper limii
of nonmal; EMA: antisendomysial antibodics; MLA! hisman Jeukocyte
antigen; 38, 39, 3¢, 2, 1 and Q jindican: the grade of intestinal damage
according e the Marsh-Oberhuber classification™™; GFD: glubsn free dist;
OBEGE: cesophagogasirodundenoscopy: F/u: followeup; AAA-IA: anki-
actin IgA antibody.

DISCUSSION

The new algorithm 1 recently reported by BSPGHAN suggested
that in the diagnosis of CD, the duodenal biopsies could b avolded
in children end adolescents with CIY assaciared synrptoms, high
anii-TG2 levels, positivity for EMA and aterisk HLA. The aims of
the present swidy were to confinm the reliability of algorithm | and
to reduce further the number of duodenal blopsics by adding the
seram measurement of another marker of Intestinal damage (AAA-
lgA)p'w“.

In our cohort we found tha the new algovithm would have avoided
the duodenal biopsy in 64 out of 140 € patients (Subgrowp ! of
figure 1). We also found thut all the 64 CD patients had 3 Marsh
3 grade of intestingl damage. This finding confirms, as previously
suggested, that anthTG2 devel = 10 times ULN [s strongly associated
with the most seveze intestinal damages™™"™. On the other hand, we
noniced that the alporithm 1 was not ahle to deteet with a sufficient
acepracy a Marsh 3 damage when the values of anti-TG2 were lower
than 10 times LLN. In fact, ameng the 73 subjects of subgroup 3
(differing from subgroup | only for anti-TG2 levels less than 10
times ULN) 2 variable degree of intestinal damage ranging from
a Marsh 3 iesion to only an iselated increment in the number of
inirmepithelial lymphocytes was found.

Since numerous studies have reported 8 strong association ol
AAA-TgA with 3 severe CD inwstinal damage”™™"" and since the
likellhood of CD iz unequivocal when a villous atrophy of Marsh
3 Is found™*", we measured the AAA-IgA in the subgroups 1, 3
and J, with the aim to identify subjects with Marsh 3 intestinal
histopathology. The most impartant result comes from the
measurement of AAA-TBA in subgroup 3 in which positivity for
AAA-TZA and 2 Marsh 3 lesion was restricled 1o subjects having a
level of anti-TG2 antibody between 4 and 10 times ULN (Figure
3). Conversely, the addition of AAASIgA to subjects with anti-TG2
level > 10 times ULN (subgroup 1) did ot Increase the number of
patients ajready identified by algarithn 1 (Table 2). We also noticed
that AAA-[gA was not wnequivocally assoclated with a Marsh 3
hstopathology in individuals with anti-TG2 fevels less than 4 thnes
LLN. Tndewd, three CD patients of subgroup 3 (one with grade Marsh

0; two with Marsh 1) and threo controis {Subgroup 5) were found
AAA-[pA positive, '

In toral, adding AAA-IgA in e algorithm allowed the
identification of 20 additional CD patients with a Marsh 3 lesion
{Figure 3), thus increasing from 64 (45% of sensitivity and 100% of
spectficity of the algorithm 1 10 84 (60% of sensitivity and 100% of
specificity of the algarithm ) plus Smm AAA-IZA measurement) the
total number of paticats in whors duedenal biopsies conld have been
avoided.

Although a wide range of sensilivity and specificity values of
AAA-IgA have been reporied, questionzng its utility in the screeming
for CD™, our data sugpest that the best manner of using AAA-gA
measyrenent in the diagnosis of CD is not as an isolated test, p2ither
when anti-TG2 antibody has 4 titer higher than 10 times ULN {the
fssaciation with & Marsh 3 lesion is complote and no other test should
be nequested) nor when angl-TG2 has a titer lower than 4 fmes ULN
(it has beey shown that Jow values of anti-TG2 pasitivily are found
also in non-Cl> patients affected by other sutobmmung pathologies
as wall as infections. tumors, myocardial damage, liver disorders,

m..ljsoﬁasis]?hﬂ))_. bat in tho restricted number of patients h!tvfng o

modetate valuzs comprised between 4 and 10 times ULN.

Recontly, strong positive Red Bload Cells - anti-TG2 (RBC-
TG2ab) values have been shown to correlate very well with EMA
and human recombinant anti-TG2 (HrTG2ab) and with positivity of
RQ2/R, making it possible tor establish the diagnosis of CD in 94%
of both children and adults belonging to aterisk groups™. In contrast,
modesstely positive RBC-TG2ab showed poor corraiatlon with the
other t=sts, and the diagnosis of CD was formulated in only 69% of
children and 86% of adults™. Our findings sugpest tat AAA-igA
could also be helpfil in improving the disgnosis of CD in this setng:
children and adults belonging to w-risk groups with maderately
positive RBC-TG2ab levels,

In conclusion, our findings confinn that the duodenal biopsy may
be omitied in 8 significant mmber of CD patients with the application
of algofithm 1 as sugpested by Husby ef o/™. In addition, we show
that positivity for AAA-IgA in children and adolescents with anti-
TG2 antibady comprised between 4 and 10 times ULN may further
reduce the rumber of dusdenal biopeies.
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218 symplomatic subjects {1440 CD)
patients and 78 controls)
i T
j TG26; # ULN e | i
anti- v anti o .
ht 1 = anti-T(2 < 10 LILN ant-1G2<1 UL Figure 1 Distibution of 140
_g ’ s CD patents and 78 contrels
N ] according to the algarith
nwéorEMA negative for EMA positive for EMA §| musative for EMA IpmpnsgdbyHusﬁyet;-
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b‘%:uP ubf":’ P g;:"P Subg;mp ‘ S“bﬁ;:“l’ 5 atrophy is also Nustrated,
fiot X2 ¢ DOE CLk conliac discase; anti-
DO2orDO8 || _not DQR or DOS TG2: antistransglutaminase
y ¥ type 2 antibody; ULN: upper
Degrees of awophy { | Degress of atvophy Degrees of acophy |t Degrdes of atraphy Degrées of atraphy limit of normal; EMA: anti-
Jew3h =l 3c = 20 o= el endomysis] antihodies; HLA:
=2 Shap =2 =0 Y hugan leukocyte aptgen; a.
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2-0 2=-0 =2 D 2=0 grade of intestinal damage
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T positve CEGRand Tome for Trched] | OEGD and THCL md cesophagogastraducdencse
GFD biopsics yais {see: Gygure ) bispsles " biopsies opy; B/ w: follow.up: AAA-
and B/u o IgA ant=actin JgA antibody.

73 sympiomats subjects with anti=102 <10
VLM posittve for EMA and for DO2 or DOB

g 1 y
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Figure 2 Masurement of AAA-IgA among the 73 subjects of subgroup
4. CB): coelia¢ diseass; anti-TG2: anti-wansglutamingse type 2 antibody;
ULN: upper lirnit of normal; EMA; anti-endomysial antibodies; HLA!
human feukoeyte ankgen; 33, 3b, 3¢, 2, 1and § indicate the geade of
intostinal dumage according 1o the Marsh-Oberhuber dassification’%;
AAA-lgA: anti-actin IgA antibody.

i 17 potensial CD patients, whilst in all 78 canimels with persistent
significant gastrointestinal symproms the duodenal histapathological
signs associnted with CD were not found.

The application of algerithm 1 to aur cohort of patients and centrols
generated 5 different subgroups. The 5 subgroups and the degrees of
intestinal damage associated 3o them ave showed in figure |.

We found that cut of the 218 individuals studiod, ali 64 with
symptoms and signs suggestive of €D, anti-TG2 levels >10 times
ULN, pagitivity for EMA and for HLA-DQ2 {in a2 or in srans) or
-DQR, showed 3 cocliac diseass with 4 Marsh 3 arrophy (Sulyroup |
of figure 1),

As far as the HLA associated risk was concerned, three out of
the 218 were found to express the DO2.2 moleeuls without DQ2.3,
Cine of them bud anti-TG2 level higher dum 10 times ULN and foit
in the subgroup 2, wheress the remalning two patients, considering
their anti-TG2 level lower than 10 times ULN, were intluded in the
subgroup 4 {Figure 1). The patient of subgroup two showed Marsh 3¢
histopahology, whilst the two of the subgroup 4 showed Marsh 0 and
wene thus classified as porential CD (Figore 1)

Amang the 218, sevenly-three cozliae disease patienls ware
ineluded in the subgroup 3, that differed fFom the subgroup | only for

the anti-TG2 levels lower than 10 times ULN (Figurs 1).
The remaining subgroup five was constituied by the scventy-cight
contrals (Figurs 1), :

Based on these data, the association of AAA-IgA with severe
intesting} damege was evafyated in the subgroups one, three and
five. Subgroups twa and fur were not considered further becanse
the low nunther of patients included in thess groups did not consent
ta draw conclustons,

As cxpeciid, sincs AAA-IZA is 2 marker of severs intestinal
damage, a higher fequency of AAA-IgA positive individuals was
found in subgroups one and three that ineluded the CD patients
compaved to subgroup five thal included controls (Table 2).
Howeyer, we fund that m subgroup ane, the addition of AAA-IgA
10 the outeome of the aigorithm | did net offer any further wsefld
inforation as only 76.5% of the CD paticnts, aiready defined by
algorithim 1, wers AAA-IgA positive (Table 2).

Conversely, ia subgroup three the positivity for AAA-IgA
sorrelated significantly (OR=10.45; p<0.05) with Marsh 3
histapathology (Figars 2), This association becanie cven more
elevated when increasing the cut-off level of anti-TG2. In fact, an
unequivocal assaciation between positivity for AAA-TgA and Marsh
3 histopathology was observed in patients with an anti-TG2 lovel
less than 10 times ULN but higher than 4 times ULN (Figuse 3).
Using this sirategy, further 20 CD patients of subgroup theee were
confirmed 1o have 3 Marsh 3 histopathology, (Figre 3).

Finatly, in subgroup five only 3 out of 78 controls were AAA-IgA
positive {Table 2).

Table 2 Distibwtion of positive AAAJRA among sulgroups obeained with
the alporithm 1 of Tusby et al”.
Vntesiing) amrophy
according t0 the Marshy  Subgroup 1 Subgeowp3  Subgrowp 5
ArATgAT] T AAATRAY,  AAM-IgAY/
Al 1 (%) Alg.1(%) Alg. 1(%)
30/36 (B33)  15/20(75) /
18/21 (85.7) 14/2308 /
1/7 (14.2) 1720103 /
2 / 3Ny 3%EE
/et 765 WTIESY WMWY

* Subgrtnps twi and three wire not considered becuse he low number

of patients
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