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ABSTRACT

Background: Several studies have shown a higher prevalence of Coeliac Disease in sibs of coeliac
patients (risk 8-12%).

Aim and method: Aim of the study is to evaluate the risk for a sib of a patient to develop CD. A
cohort of 188 Italian families was ascertained through a symptomatic CD patient. In addition, an
Italian trio data set (127 patients and their 2 parents) also genotyped for HLA-DQ was available for
this study. All members were diagnosed for CD status and their HLA-DQ genotyping was
performed.

Results: The overall risk for a sib of a CD patient to develop the disease is estimated at 10% in this
sample. When taking into account the HLA-DQ information of the patient, of parents and of the sib,
the estimate of the risk varies from 1 to 29%. We found that 40% of sibs of a coeliac proband have
a negligible risk (lower than 1%), 30% have a risk lower than 10 % and greater than 1%, finally we
have 1/3™ of the families in which the risk is high or very high (above 25%).

Conclusion: These results allow a more accurate information to be given to parents having an
affected child about the actual risk for another child. It is now possible, before the birth of a child,
to provide to the parents an estimate of his order risk for coeliac disease. Finally it will be possible
to propose a particular follow-up for a baby at high risk.
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INTRODUCTION

Coeliac Disease (CD) is an immune-mediated enteropathy caused by a permanent sensitivity
to gluten in genetically susceptible individual. [1] CD has a strong genetic association with human
leukocyte antigen (HLA). Most CD patients (90-95%) express the heterodimer
DQA1*05/DQB1*02. [2, 3] Among the DQA1*05/DQB1*02 heterodimer carriers, the risk of
disease is greater in individuals homozygous for DQB1*02. [4, 5]

Using very large samples of patients from different European countries, Margaritte-Jeannin
et al [6] recently showed that the genetic risk for an individual to develop a symptomatic form can
be stratified in five classes according his HLA-DQ genotype. DQ2 carriers can be divided in 3
groups : with two copies of DQB1*02 (group G1), with one copy of DQB1*02 acting in trans with
DQA1*05 (group G2) or with one copy of DQB1*02 acting in cis with DQA1*05 (group G3). DQ2
non-carriers are divided in 2 groups: having two copies of a DQB1*02, DQ8 or one copy of each
(group G4) or with other DQ genotypes (group G5). In all populations, G1 is the highest risk group
whereas the relative risks for the other genotypes vary from one population to another. In the Italian
population the relative risks are 0.68, 0.23, 0.10 and 0.02 for individuals belonging to G2, G3, G4
and G5 respectively.

Several studies have shown a higher prevalence of CD in sibs of coeliac patients compared
to the general population, with estimates of risk falling between 8 and 12%. [7-13] However, the
meaning of these estimates are unclear since the CD phenotype is most often not precisely defined
and may or may not include different forms of the disease. We can distinguish three different forms
of coeliac disease according to the ESPGHAN criteria [ 14-16]: the latent (or potential) form defined
only by the presence of specific antibodies; the silent form defined by the presence of specific
antibodies and the observation of a villous atrophy of the small intestine; and the symptomatic form
defined by the presence of specific antibodies, the observation of a villous atrophy and the
observation of clinical symptoms.

The aim of the present study is to evaluate in the Italian population, the risk for a sib of a
symptomatic patient to develop any of the 3 forms of CD and to provide to the parents having a CD
affected child the risk for a future baby with the best possible precision. We estimate this risk
according to familial and genetic information. Finally, we will be able in some situations to predict
the risk for a future baby before his birth and in other situation it will be necessary to precise it by
genotyping the baby after his birth. Thus, a special attention to wean and to follow the sibs with
higher risks will be made as soon as possible.

MATERIALS AND METHODS

Family samples

A cohort of 188 nuclear families was ascertained through a symptomatical CD patient (the
proband) having at least one sib. For the vast majority (184/188) of probands we had families with
both parents available for typing. All probands were confirmed symptomatic coeliac, diagnosed
according to the revised ESPGHAN protocol, with positive AntiEndomisum and or Anti
Transglutaminase antibodies and above Marsh 1 lesions at the small intestinal biopsy. [17] A total
of 798 individuals were sampled: 614 first degree relatives of 184 coeliac probands. The cohort is
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composed of 246 sibs and 368 parents (184 fathers, 184 mothers). They were enrolled in a follow
up program of 3 years form January 2001 to December 2003 to check their coeliac status.

Two fasting blood samples were collected in the morning from all 798 individuals. Written
informed consent was obtained from each participant. The research was approved by the Ethic
Committee of the School of the Medicine, University of Naples “Federico II” and was in
accordance with the principles of Helsinki II declaration.

They were all screened for Antiendomisial and anti-Transglutaminase antibodies, and Class
ITI HLA (DQ-DR) status molecular staging was performed.

After the first stage of analysis , in order to have the HLA-DQ distribution from a larger
sample of proband patients and increase the robustness of the estimate, we added in the finalstage
to the sample an Italian trio data set (127 probands and their 2 parents) which was part of the
European samples studied by Margaritte-Jeannin et al [6] .

Disease status

Serological test

Serum samples obtained after centrifugation were used for antibodies evaluation.
AntiEndomisum IgA antibodies (EMA) were detected by indirect immunofluorescence microscopy
on section of Rhesus monkey esophagus (Eurospital Trieste Italia).
Anti tissue Transglutaminase IgA antibodies (tTG) were analyzed by enzyme linked
immunosorbent assay (ELISA) using human recombinant tTG as antigen (DIA Medix Corp.-Ivax
Diagnostics, Florida USA). Total serums IgA were evaluated by nephelometric assay (BN ProSpec
System Behring, Marburg Germany).

Small intestinal biopsy

EMA and tTG positive individuals underwent a small intestinal biopsy, 18 by a Watson
capsule and 9 by an endoscopy. The mucosal injury was graded according to Marsh [17] : TO:
normal mucosal; T1: more than 40% increased intraepithelial lymphocytes infiltration; T2: T1 with
crypt hyperplasia; T3a: T2 with partial villous atrophy; T3b: T2 with subtotal villous atrophy; T3c:
T2 with total villous atrophy.

Genotyping

DNA extraction
Genomic DNA was extracted from the EDTA + blood sample by a commercially available
Kit (Nucleon BACC 2, Amersham Biosciences Europe, Milan, Italy).

HLA DQ typing

The HLA-DQ typing for coeliac susceptibility was performed by a three step-procedure. The
first step employs a single SSP-PCR home-based method previously described to detect the HLA
heterodimer DQA1*0501-DQB1*0201 presence. [18] The second step uses an SSO-PCR based
method to type the HLA DQB1* locus (Dynal Biotech LTD UK) to confirm the presence/absence
of the DQB1*02 allele and/or to verify the presence of the other DQB1*03 risk allele. The possible
DQB1*03 detection by SSO is followed by a SSP-PCR technique (Dynal Biotech LTD UK) aimed
to resolve the DQB1*03 locus evidencing the DQB1*0302 allele presence/absence.

HLA DR typing
The HLA-DRBI1 typing was performed by SSO-PCR based method (Dynal Biotech LTD
UK) to determine the phased DR-DQ genotypes of all individuals.
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Statistical analysis

Notation
Consistently with Margaritte-Jeannin et al, [6] let consider 5 DQA1-DQB1 haplotypes and
5 DQ genotypic groups. The 5 haplotypes are:
H1: DQA1*05-DQB1*02 denoted: a.p,

H2: None(DQA1*05)-DQB1*02 denoted: a.f3,
H3: DQA1*05-none(DQB1*02) denoted:  a. S,
H4: DQA1¥301-DQB1*302 denoted: a,pB,
HS: other haplotypes denoted: ap

Among the 5 genotypic groups, 3 correspond to the DQ2 heterodimer carriers:
Group 1 (G1): HI/H1 and H1/H2 (With double dose of £3,)
Group 2 (G2): H2/H3 (heterodimer encode in trans)
Group 3 (G3): HI/H3, H1/H4 and H1/HS5 (heterodimer encode in cis)
The 2 other genotypic groups are:
Group 4 (G4): H2/H2, H2/H4 and H4/H4
Group 5 (GS5): other genotypes

Statistical methods

* Estimation of the empirical risk for a sib of a proband
In a family with an affected child (denoted hereafter proband), the risk R for another child to be
affected may be estimated by the ratio of the number of affected sibs over the total number of sibs.

* Estimation of control DQA1-DQB1 haplotype frequencies (Hi)
Since families of the two samples have been ascertained through a single affected, the parental
haplotypes untransmitted to the affected child are representative of the general population (Affected
Family Based Controls) and provide unbiased estimates of H; frequencies. [19] These frequencies
will be estimated from 622 untransmitted parental haplotypes (311 families).

* Estimation of the genotypic group risks
Given the H; frequencies estimated in the population, we may calculate the risk to be affected (Fj)
for an individual with genotype HiH;.
P(H H , | Aff)* P(Aff)

P(H.H))

Where P(H;H;) is the probability for an individual in the population to have the genotype H;H;. The
computation of this probability is based on control haplotype frequencies assuming Hardy
Weinberg proportions. P(Aff) is estimated by the probability to be affected in the population, i.e the
disease prevalence. P(HiH;/Aff) is estimated by the proportion of each genotype HiH; in the 311
affected probands.

Fij = P(Aff/H,H )=

* Estimation of the familial correlation not due to HLA
Given R, H; frequencies and Fj;, it is possible to estimate A the familial correlation not due to HLA
assuming that A is a multiplicative factor independent of the HLA genotypes H;H; (see appendix).
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* Estimation of risks for a sib of a proband

Assuming no recombination in the DR-DQ haplotypes and based on the Mendelian law of
segregation we can compute the risk Rj; for a sib to be affected according to the known genotype
H;H; of the affected proband. If parents are HLA typed, we may have a more precise estimate risk
Riji for a sib to be affected according to the parents genotypes. In some situations in which the
parent typing gives a large range of risk for their future baby, it may be proposed to type the baby
after the birth to refine his risk according to his own genotype. Thus, we refine the estimate in
computing the risk K; for a sib to be affected according to his own genotype H;H; (see appendix).
Based on these estimates of risk and on the probability that parents of a proband have a given
genotype, it is possible to provide the expected distribution of the genetic groups in sibs.

RESULTS

* Estimation of the risk for a sib of a proband
Table 1 gives the distribution of the three forms of CD among the additional cases. The recurrence
risks (R), which correspond to the risk to develop a CD (latent + silent + symptomatic) for a sib of
proband is estimated by:
R=24/246 =9.8% [6.1 ; 13 4]
This estimation is consistent with the value of ~10% provided by the literature. [7-13]

Table 1 Distribution of the CD forms in first degree relatives

Parents (n=368) Sibs (n=246)
Latent : no symptoms MI-MlI 1 5
Silent : no symptoms , Mill 8 12
Symptomatic MII-MIlI 8 7
Total 17 24

*  Control DQA1-DQB1 haplotype frequencies estimation
The frequency of each control DQAI-DQB1 haplotype is presented in the table 2. For each
haplotype the corresponding DR allele is reported.

Table 2 Control haplotype frequencies
Notation DQA1-DQBI1 haplotype DR allele | Frequency
H1 DQA1*05 - DQB1*0201 DR3 0.11
H2 DQA1*02 - DQB1*0202 DR7 0.12
H3 DQA1*05 - DQB1*03 DRS5 0.30
H4 DQA1*0301 — DQB1*0302 DR4 0.04
H5 Others DRX 0.43

* Distribution of H;H; in probands



Table 3 gives the observed number and frequencies of the genotype H;H; for the 311 probands and
the expected frequencies in the general population.

T
>
—
e
= Table 3 Number and frequencies of HiH; in 311 probands and the expected frequencies in the general population
o -
= . . Expected in control
g DQ genotypes Corresponding DR genotypes Genotypic group Probands population
= HI/H1 DR3/DR3
8 Gl 74 (24%) 4%
= H1/H2 DR3/DR7
5 H2/H3 DR5/DR7 G2 117 (38%) 7%
® HI1/H3 DR3/DR5
=
'8 H1/H4 DR3/DR4 G3 79 (25%) 17%
=y
= HI1/H5 DR3/DRX*
H
& H2/H2 DR7/DR7
<
e H2/H4 DR7/DR4 G4 13 (4%) 3%
2
i H4/H4 DR4/DR4
Others Others G5 28 (9%) 69%

*X = different from 3, 4, 5, 7

* Risk for an individual to develop the disease according to his genotypic group
The risk for an individual with genotype H;H; in the Italian population is given in Table 4. For each
group the corresponding haplotype combinations and the corresponding DR genotypes (based on
typing) are also shown.

Table 4: Genotypic group risks in the population
DQ genotypes Corresponding DR genotypes Genotypic group F;;
HI1/H1 DR3/DR3
Gl 0.21
H1/H2 DR3/DR7
H2/H3 DR5/DR7 G2 0.17
HI1/H3 DR3/DR5
H1/H4 DR3/DR4 G3 0.06
H1/H5 DR3/DRX*
H2/H2 DR7/DR7
H2/H4 DR7/DR4 G4 0.05
H4/H4 DR4/DR4
Others Others G5 0.006

*X = different from 3, 4, 5, 7




* The familial correlation A not due to the transmission of the HLA haplotypes Hi
Given R (0.098), H; frequencies and F;; we can compute A, the familial correlation not due to the
transmission of Hi haplotypes:

A=14
* Risk for a sib of a proband according the DQ genotype of the proband

Table 5 gives for each possible DQ genotypes of a proband the risk to be affected for a sib of this
proband. Results are classed by genotypic group.

Table 5 Risks for a sib of a proband according the DQ genotype of the proband
proband group Gl | Gl | G2 | G3 | G3 | G3 | G4 | G4 | G4 | G5 | G5 | G5 | G5 | G565

1duasnuew Joyine vH

proband genotype H1H1 Hle H2H3 H1H3 H1H4 H1H5 H2H2 H2H4 H4H4 H2H5 H3H3 H3H4 H3H5 H4H5 H5H5

R;; 0.14 0.14 0.11 0.04 0.04 003 0.03 0.03 0.02 0.02

Blue is for R;;< 0.05, green for 0.5 < R; < 0.1 and red for R;; > 0.1

* Risk for a sib of a proband according the DQ genotype of parents
As shown in table 5, according to the HLA DQ of the proband, the risk for a future baby is quite
different. HLA typing may also be proposed to the parents if they want to be better informed.
Figure 1 gives what may be concluded with the parental typing. In colored situations, the risk for
the baby may be negligible (blue), moderate (green) or high (red). It represents 30% of cases. In
contrast, there are situations (uncolored boxes) in which parental typing may lead to very variable
risk for the baby (from negligible to high). In such a case, typing the baby will be encouraged.
For example, a mother H2ZH2 (DR7/DR7) who already has a child with CD has a 29% risk to have
another one if the father is HIH1 (DR3/DR3), but only a 7% of risk if the father is H2H2
(DR7/DR7).
Similarly a father H2ZHS (DR7/DRX) who already has a child with CD has a very small (2%) risk to
have another CD child if the mother is HZHS (DR7/DRX), but a higher (12%) risk if the mother is
H3H3 (DR5/DRS).
Figure 1 also show that the decision of genotyping a new born baby depends more on the possible
variability of the risk for the child than on the mean expectation obtained from the parent
genotypes. For example, if parents are HIH1/H1H1, H2H4/H2H4 or H3HS/H4HS there is no doubt
on the risk for the child and the child genotyping is unnecessary. If parents are H2ZH4/H1H3 a new
child has a mean risk of 15% but his risk may vary from 1 to 29%. In this situation the child
genotyping is necessary if we want to refine the risk.
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* Risk for a sib of a proband according to his own DQ genotype
Figure 2 gives the probability (in italics) for a sib of a proband to belong to Gi and the
corresponding risk (inside the bar), showing that it is expected that approximately 40% of sibs will
belong to G5 and consequently will have a negligible risk (lower than 1%). However about 30%
will belong to G1 or G2 and will be predicted a risk higher than 20%.
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CONCLUSION AND DISCUSSION

Genetic counseling in families with a proband affected by a multifactorial disease is
generally inappropriate, due to the large uncertainty around the empirical risk of recurrence. In
coeliac disease, prenatal genetic counseling is neither required nor suggested, but those who work
with coeliac families are often asked about the recurrence risk for a possible future child. We
answer that the risk of recurrence is approximately 10%, but do not give any more accurate
information. For many parents a 10% risk of recurrence is intolerably high, and they feel
discouraged to plan further pregnancies.

In this study we show that a sib of a coeliac proband has an average recurrence risk of 10%,
but this average has to be broken down according to the HLA DQ information on the proband.
According to the HLA DQ of the proband the risk estimate for the sib ranges from 2% to 14%. It is
possible to provide better information to parents by performing their own HLA typing. In 30% of
cases, the HL A parental typing will be sufficient to give an accurate estimate of their baby’s risk. In
other cases, for example when parents are H2ZH4 and H1H3, it may be advisable to genotype, after
his birth, the baby in order to precise his risk. Broadly, it is expected that approximately 40% of sibs
of a coeliac proband will have a negligible risk (lower than 1% to develop one form of the disease).
Consequently about 40% of the families of a coeliac proband will receive a very reassuring message
by this procedure. Moreover, 30% of sibs are expected to have a risk lower than 10% and greater
than 1%, so it is possible also with them to share a positive attitude about their recurrence risk.

We will be left with about 1/3™ of the families in which the risk of recurrence is high or very
high (above 20%). In these cases we do propose to share the information with the family in order to
set up a plan to deal with this risk:

1. Breast feeding should be strongly supported, [20] although it is well know that it does not
prevent the diseases, but it affects only the phenotype, by delaying the onset of symptoms. [21]

2. Gluten containing foods should be introduced at weaning according to the usual practices
adopted for infants from unaffected families, since there is no evidence that time of gluten
introduction may ever affect the incidence of the disease. It is also desirable to umask the disease as
soon as possible and not delaying to later ages, when risk of complications increase (Ventura e
Greco Gastroenterology). It has been suggested that there is a ‘window’ of time of gluten
introduction (4 to 6 months) when the child is ‘protected’ by developing the disease, but again, this
is likely to affect only the phenotype of this heavily genetic determined disease. [22] Twin studies
have indeed recently suggested that unshared environment has little or no effect in the onset of
coeliac disease. [23] Genetic factors do play the major role. Gluten avoidance, which is
environmental, may stop completely the pathogenesis of the disease, but this is not the real life.
Who, in our communities, will indeed accept to go, for life, on a gluten free diet because of the
genetic risk of developing the disease at the present estimates (never higher than 30%) ?

3. The easy availability of anti-transglutaminase antibodies test, also at point-of-care, does
give the possibility to suspect the onset of the disease, by measuring the antibodies titer, much in
advance of clinical symptoms. [24] A secondary prevention may be put in place for subjects with a
significant risk estimate: the vast majority of infants who will eventually develop the disease might
be diagnosed before the disease become clinically manifest.

In conclusion for these infants at high risk of recurrence in coeliac families, the doctors
should encourage breast feeding, ordinary weaning with gluten and an accurate follow up after
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gluten introduction. A great amount of suffering, anxieties and health care resources consumption
would really be prevented.

Over and above the intention of the authors, ethical issue will arise from the interpretation of
the genetic risk tables. To reduce this risk we avoided to assign to each cross of Figure 1 an exact
point estimate, but people in the red area may feel the burden of the increased risk estimate.

We are not discovering new markers: we are just improving the rough risk estimate which is
actually in the daily use. The majority of families may feel reassured by this information. But a few
in the red area might feel depressed. We do not have jet an exact estimate of the effects of this
information in the families: we have just started a four years European multicentric prospective
study to gain this knowledge. Our anectodical professional experience suggests that family do
prefere to have the best estimate of their own risk of recurrence. We do hope that not one child birth
is prevented but an enhancement of childbirths is promoted.

Giving this solid base of risk estimation provided by HLA genotyping, it will be possible to
improve the risk estimate by adding other genetic information. Currently, other susceptibility genes
for CD have been mapped either by linkage or by association studies, [25-28] but this information
cannot be used in the risk estimation until susceptibility variants are clearly identified. Our hope is
that some of the predisposing variants will be shortly identified: a multivariate combination of these
information will then really improve the risk estimate, although it is possible that the information
will not immediately provide better estimates because of the complexity of the genetic contribution
of each locus.

10
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APPENDIX

In this section, we detail formulae used in the method section.
We use the following notations:
Satr: to be an affected sib
Pas: the proband is affected
P;: the proband has a genotype HiH;
Ciji: parents have genotypes HiHy and H;H;
AfT: to be an affected individual
A familial correlation not due to HLA assuming that it is a multiplicative factor independent
of the HLA DQ genotypes
R is the probability to have an affected sib of an individual P conditionally that P is affected (P is a
proband):

5 5

) 230y

i=l j=1

PSP,
K ) =0 =T Py

$3[$ e rurcon, 1]

R i=1 k=1 1=1
P(Py)

PAﬂ)*ii{H 1P A*S S [P(Cy I P )*P(Aﬂ/c,-k,,)]}
R= =1 j=1 P

P(Py)

55{ *P(HH)

R=A*>">"

i=1 j=1

. 505 ) *l*
P(Aff) ;;[P(Hk) P(Hz) 4 (E]+EZ+FkJ+Fkl):|:|

As we can estimate R, Fj; and the allelic frequencies of H; haplotypes on the sample, it is possible to
estimate A the familial correlation not due to HLA haplotypes:

R

5 5 *P(HH) 5 5 1
SR B e s e o |

A=

With:

PA =3 F,*P(H,H )

izl j=l

Given A, F;; and the allelic frequencies of H; haplotypes it is possible to calculated R;; the probability
for a sib of proband to be affected conditionally that the proband has a genotype H;H;:
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R, = P(S,y 1Py P,) = P(S‘Eﬂ;ﬁfﬂ;)") R,
P(P ﬂ)*P(P /P, )*/]*ZZ[P(CW ,.J.)*P(Aﬂ/c,.,g.,)]

Ry = PP ﬁ,)*lzl)(lp /Py)

R, = zz[P(ck, IB)* PCAYF I Cy)

R, :A*ZZ{P(H ) P(H,)*~ (F-+E1+ij+sz)}

When the genotypes of parents are given, it is possible to refine this risk by calculated the Ry risk
which is the probability that a sib of a proband is affected conditionally that parents have genotypes
Hin and HjH]I

1
Ry :P(SAﬂ/Cikﬂ):/]*P(Aff/cﬂgz):/]*z*(Fy Ly E )
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