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the first report showing the presence of a HLA haplotype compatible for CD in archaeological specimens.

Giovanni Gasbarrini, Ricerca in Medicina Foundation NGO,
Falcone and Borsellino Gallery, 40123 Bologna, Italy
Olga Rickards, Cristina Martínez-Labarga, Center of Molecular Anthropology for Ancient DNA Studies, Department of Biology, University of Rome Tor Vergata, 00173 Rome, Italy
Elsa Pacciani, Filiberto Chilleri, Superintendence for the Archaeological Heritage of Tuscany, 50018 Florence, Italy
Lucrezia Laterza, Franco Scaldaferri, Antonio Gasbarrini,
Division of Gastroenterology, Department Internal Medicine,
Catholic University of Sacred Heart, 00168 Rome, Italy
Giuseppe Marangi, Institute of Genetics, Catholic University
of Sacred Heart, 00168 Rome, Italy
Author contributions: Gasbarrini G and Gasbarrini A designed
the research; Rickards O, Martínez-Labarga C designed the
molecular research strategy; Rickards O, Martínez-Labarga C,
Pacciani E and Chilleri F performed the research; Marangi G
analyzed the data; and Rickards O, Martínez-Labarga C, Scaldaferri F and Laterza L wrote the paper.
Correspondence to: Antonio Gasbarrini, MD, Professor of
Internal Medicine, Division of Gastroenterology, Department
Internal Medicine, Catholic University of Sacred Heart, Largo
Gemelli 8, 00168 Rome, Italy. agasbarrini@rm.unicatt.it
Telephone: +39-6-30156265 Fax: +39-6-30155923
Received: February 24, 2012 Revised: June 29, 2012
Accepted: July 9, 2012
Published online: October 7, 2012

© 2012 Baishideng. All rights reserved.

Key words: Celiac disease; Human leukocyte antigen haplotype; Ancient DNA; Single nucleotide polymorphisms;
Malabsorption
Peer reviewers: Dr. Weekitt Kittisupamongkol, Department
of Medicine, Hua Chiew Hospital, 665 Bumrungmuang Road,
Bangkok 10100, Thailand; Dr. Khaled Ali Jadallah, Department
of Internal Medicine, King Abdullah University Hospital, Irbid
22110, Jordan; Dr. Ross McManus, Institute of Molecular Medicine, Trinity Centre for Health Science, St. James’s Hospital,
Dublin 8, Ireland
Gasbarrini G, Rickards O, Martínez-Labarga C, Pacciani E,
Chilleri F, Laterza L, Marangi G, Scaldaferri F, Gasbarrini A.
Origin of celiac disease: How old are predisposing haplotypes?
World J Gastroenterol 2012; 18(37): 5300-5304 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v18/i37/5300.htm
DOI: http://dx.doi.org/10.3748/wjg.v18.i37.5300

INTRODUCTION
Abstract

In 2008, we were involved in the “case of Cosa”, a skeleton of a young woman dating to the first century AD,
found in the archaeological site of Cosa, southwest of
Tuscany, Italy (Figure 1)[1]. Based on the physical anthropology description[2], she was a 18-20 year -old woman,
dead in physical impairment, showing signs of failure to
thrive and malnutrition, all signs of typical celiac disease
(CD), in particular, she was slightly built and moderately
short for her age (140 cm in height), with clear signs of
bone fragility and osteoporosis. She showed on her orbital roof a pathological sign, the "cribra orbitalia" (yet
published)[1], a bone porosity also well distinguished in
the bone of the skull vault. This condition is generally
linked to bone marrow hypertrophy following anemic
conditions, such as iron deficient chronic anemia. This

We recently presented the case of a first century AD
young woman, found in the archaeological site of Cosa,
showing clinical signs of malnutrition, such as short
height, osteoporosis, dental enamel hypoplasia and
cribra orbitalia, indirect sign of anemia, all strongly suggestive for celiac disease (CD). However, whether these
findings were actually associated to CD was not shown
based on genetic parameters. To investigate her human leukocyte antigen (HLA) class Ⅱ polymorphism,
we extracted DNA from a bone sample and a tooth and
genotyped HLA using three HLA-tagging single nucleotide polymorphisms for DQ8, DQ2.2 and DQ2.5, specifically associated to CD. She displayed HLA DQ 2.5, the
haplotype associated to the highest risk of CD. This is
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excessive porosity could be also found in the external
surface of the bones, in particular in the skull vault (Figure
2A). Furthermore she showed the bone marrow reactive hypertrophy associated to bone atrophy (Figure 2B).
Although teeth structure and number were normal, she
presented basal dental enamel hypoplasia (Figure 2C), a
marker of nutritional or infectious stress. Measuring in
the femur the angle between the neck and the diaphysis,
it appears larger than normal adult angle (135° vs 125°),
consistent with a diagnosis of coxa valga, typical of the
hip subluxation, due to congenital dysplasia. This diagnosis is supported by the flattening of the postero-superior
part of the acetabular cavity. All these signs, taken together, strongly suggested an advanced state of chronic malnutrition, consistent with a typical form of CD[3-5]. From
the beginning, a poor availability of food was excluded as
several signs indicated that she was member of a wealthy
family, as suggested by the jewels she wore and by the
overall quality of her tomb. Based on ethologic data[6], we
considered that her diet was variegated and probably rich
in wheat, and consequently in gluten. We hypothesized
that the young woman suffered from CD. Moreover, her
death was caused by severe malnutrition or by a complication of it.
The most ancient case of CD ever described was
reported by Areteus of Cappadocia in the 1st-2nd centuries AD[7], indicating that CD could have a old origin.
However the appearance of the predisposing haplotypes
in humans as well as the origin of CD is still unknown.
Genetic susceptibility is a crucial step in the pathogenesis of CD, as demonstrated by studies on monozygotic
twins, that show disease concordance rate of 75% compared with 11% in dyzigotic twins[8]. Furthermore siblings have an increased risk of CD, of which about 40%
depends on human leukocyte antigen (HLA) genes[9]. The
role of HLA class Ⅱ molecules as the major genetic risk
factor for CD is well known, even if the genetic effect
attributable to HLA is only 54%[10]. It has been reported
that over 90% of CD patients express HLA-DQ2 heterodimer while the others express HLA-DQ8[11]. In Europe only fewer than 0.5% of celiac patients express neither DQ2 nor DQ8[12], making HLA genotyping a marker
with a very powerful negative predictive value, excluding
the diagnosis in people who do not have CD risk HLA
haplotype. Until present no information were available on
CD genetics in ancient time, since DNA analysis of human remains is technically difficult.

A

Figure 1 A particular of the skeleton of Cosa in the original site. A: The
original site: The ancient remains of Cosa in the original site where they were
found; B: The young girl: A particular of the skeleton of the young girl of Cosa.

ensure the generation of authentic and meaningful data
following the strictest available criteria[15-19]. To extract the
genetic material, a bone sample and the left mandibular
third molar (Figure 2D) were chosen since they are the
best sources of DNA. Bones and teeth consist of hard
material that contains small hollow spaces with single
cells that are less affected by diagenetic processes and
by natural contamination (microorganisms, fungus), and
modern contaminations are likely to be removed prior to
extraction. Bone and tooth sample were firstly brushed
and irradiated for 1 h under ultraviolet (UV) light. Afterwards, the entire surface was removed by using dental
drills, and the samples were cut into smaller pieces with
drill. The samples were again UV-irradiated for 45 min,
grounded to fine powder and stored until use at 4 ℃.
Only commercially certified DNA/RNA-free consumables were utilized and all tools and containers used were
sterile and DNA-free. All workers wear gloves, safety
masks, disposable coveralls, plus particular shoes. Every
item entering is extensively washed with bleach and subsequently UV-irradiated.
As first step, we studied the preservation of bone
collagen, one of the best indicator of bone preservation
and therefore of DNA survival[16]. Collagen was extracted from a small bone fragment following the procedure
reported in Craig et al[20]. The results obtained indicated
the good state of preservation of the collagen. In fact,
collagen yield expressed as weight percentage was 1.065%
and the ratio C/N was in the range between 3.25 and
3.34 as expected when organic substances are saved
from decay[21]. Based on these results, DNA extraction
was performed in a laboratory physically isolated from
all other laboratories which offers all the state-of-theart facilities for aDNA studies[17,22,23]. They consist of a
contamination resistant facility, which are maintained at
positive pressure, frequently cleaned with HCl, NaClO
and DNAzap™, UV and high-efficiency particulate arresting filtered, and have restricted access, designed to
minimize the possibility of contamination with extant
human DNA[23]. The laboratory has consecutive rooms,
every room is fitted with UV-C light sources (254 nm)
that can be switched on and off from outside the re-

CASE REPORT
In order to confirm the clinical hypothesis that the young
woman was actually suffering from CD, we extracted DNA
from parts of the skeleton and studied HLA polymorphisms known to be involved in susceptibility to CD. In
particular, we analyzed DQ2 (encoded by the DQA1* 05
and DQB1*02 alleles) and DQ8 (encoded by the DQA1*03
and DQB1*0302 alleles) HLA heterodimers[13,14].
Ancient DNA analysis of human remains is particularly challenging, therefore every attempt was made to
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Figure 2 Research on the skeleton of the young girl. A: Skull vault showing excessive porosity; B: A particular of the femur showing cortical atrophy and spongiosum bone hypertrophy, indirect sign of bone marrow hypertrophy, well preserved in 2000 years; C: A detail of teeth, showing basal dental enamel hypoplasia; D: DNA
extraction: A tooth and a sample of bone from which DNA was extracted.

Table 1 Primers and length of polymerase chain reaction fragments analyzed for predicted single nucleotide polymorphism
SNPs

Forward primer

Reverse primer

Length fragment (bp)

rs7454108
rs7775228
rs2187668

ACTATTATTTCTCCAAGTTCTGACTTCCCT
AGGAAAGGAACTATCTGGGTATGGA
GTGAGGTGACACATATGAGGCAG

GCCAAGTTGGAATAAGCCCACTATA
TGCAAAGCCCCTTTATCATTATCCT
GGCTGAATGCCTTCAACAATCATTT

155
80
74

SNPs: Single nucleotide polymorphism.

spective lab. The first room has an entry area for changing into suitable clean room clothing. The second room
has bench space for handling sampling with fine scale
for weighing of samples, a dentist drill for cutting and
drilling samples as well as mortars and pestles for griding
samples. Another two independent labs with hoods (with
internal UV-C sources and biosafety cabinets) are used
for DNA extraction and one other for polymerase chain
reaction (PCR) setup.
Briefly five hundred milligrams of powder were digested in a proteinase K lysis buffer and DNA was extracted through silica-based spin columns[24]. At least two
independent DNA extractions were performed on bone
and teeth respectively; mock-extraction controls were
carried out identically to those on the samples.
Three HLA-tagging single nucleotide polymorphism
(SNPs) were genotyped in order to capture the DQ8, DQ2.2
and DQ2.5 HLA types as reported by Monsuur et al[25],
using TaqMan chemistry and the on demand assays by Applied Biosystems (Foster City, CA, United States, www.ap-
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pliedbiosystems.com: Assay IDC_29817179_10dbSNP ID
rs7454108; Assay IDC_29315313_10dbSNP ID rs7775228;
and Assay IDC_ 58662585_10dbSNP ID rs2187668).
Negative controls for amplification (PCR without template
DNA) were set up simultaneously to detect contamination
and at least 4 independent amplifications of each fragment
were performed.
TaqMan® single nucleotide polymorphism (SNP) genotyping assays provide optimized assays for genotyping SNPs and make it easy to perform SNP genotyping
discrimination studies. Samples were amplified and
genotyped using the manufacturer’s instructions on an
ABI Prism 7500 Fast Real Time PCR System (Applied
Biosystems, Foster City, CA, United States). All SNPs
were typed using the standard amplification protocol as
supplied by Applied Biosystems (hold 10 min, at 95 ℃,
and 40 PCR cycles with denature 15 s, at 92 ℃ and anneal/extend 1 min, at 60 ℃).
Moreover, in order to confirm the RT-PCR results, we
amplified and sequenced the three predictive fragments.

5302

October 7, 2012|Volume 18|Issue 37|

Gasbarrini G et al . Origin of celiac disease predisposing haplotypes

The list of primers designed for the experiment and the
length of each PCR fragment analyzed are reported in
Table 1. PCR amplification was performed in 25 μL reaction containing 2 μL DNA extract, with a final concentration of 1XPCR Gold Buffer Ⅱ, 2.5 mmol MgCl2, 1 mmol
dNTPs, 100 nmol primers, 0.1 mg/mL bovine serum
albumin, 1 U AmpliTaq Gold (Applied Biosystems). The
PCR reaction was run for 35 cycles at 94° for 30 s, 60 ℃
for 30 s and 72 ℃ for 30 s, with a first denaturation step
(94 ℃ for 5 min), and a final extension (72 ℃ for 10 min).
PCR products were visualized by gel electrophoresis
on a 1.5% agarose gel stained with GelStar (Cambrex,
Rockland, ME, United States). Positive amplification
products were purified through ExoSap-IT (USB Affymetrix, Santa Clara, CA) according to manufacturer’s
specifications. Afterwards, they were labeled with fluorescent dyes, purified by the ethanol precipitation technique
and submitted to sequencing reaction in an ABI Prism
3100 Avant (Applied Biosystems, Foster City, CA) following the recommended sequencing kit protocols. Sequences were verified through complete overlapping of
forward and reverse strands.
Genetic results were independently reproduced multiple times and all sequences were confirmed by at least
two different amplified products in order to identify possible contamination.
The young girl turned out to be homozygous FAM
for rs7454108, homozygous FAM for rs7775228, and homozygous VIC for rs2187668. The result is compatible
with DQ2.5 homozygous genotype which is associated
with higher risk of CD. This finding supports on molecular basis our hypothesis that the skeleton found in the site
of Cosa suffered from CD.
Finally, to verify the endogenous nature of aDNA and
track down any possible modern contaminations, molecular sex and mtDNA characterizations were performed.
Sex determination was carried out by amplification
of a segment of the X-Y homologous amelogenin gene
using the primer system amelogenin A/B as described
by Mannucci et al[26]. This method is usually applied for
typing samples of a very degraded nature, since short X
and Y-specific products of 106 and 112 bp, respectively
are generated from a single primer pair. The result were
resolved by 12% Acrylamide electrophoresis. Molecular
data confirmed the morphological and morphometric sex
diagnosis of being female.
Mitochondrial DNA (mtDNA) typing [27] was performed also on the DNAs of all molecular anthropologists and archaeologists who handled the ancient sample.
All the extant sequences differed from the girl "Cosa"
consensus mtDNA sequence (16270T, 16362C, 73G,
150T and 263G) excluding modern DNA contamination.
The ancient haplotype was certainly phylogenetically assigned to U5b2b1a haplo-group following the classification proposed by van Oven et al[28]. This haplo-group is
European specific and its PAML (Phylogenetic Analysis
by Maximum Likelihood) based age estimate is 9325.2 ±
3443.5 years[29-31].
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DISCUSSION
This is the first report of HLA typing in ancient remains
and it could be considered a very intriguing result, although it does not allow us to diagnose definitively CD.
The presence of CD associated-HLA is a necessary con
dition, although not sufficient to develop the disease.
It fact, although about 30%-35% of the actual general
population express CD associated HLA genotypes, it has
been estimated that, only 2%-5% of risk gene carriers develop the disease[32]. The risk increases further in homozygous for DQ2.5 (HLA-DQA1*05- DQB1*02) as shown
by a recent study in United States population[12] and by
another study exploring relative risks for CD in European
population[33]. Another study, on sibs and parents of Italian celiac children, shows that a DQ 2.5 homozigous sib
had a risk of 28% of developing CD[34]. Recent advances
indicate that other genetic factors may play a role in determining which HLA compatible people could develop
CD[35], particularly genes involved in T-cell regulation
and inflammation, but they have not been considered
for this paper. It has been reported that these genes are
contributing for 3%-4% in the risk of CD, together with
environmental factors, like early introduction of gluten in
infants diet, early infection with enteropathic viruses or
the presence of a changed bacterial flora[32].
In the case of “Cosa”, even without precise understanding of how environmental factors impacted the girl’s
life, HLA typing provide us a precious information. The
presence of HLA-DQ2.5, in combination with the phenotypic observations, increases the likelihood that the
young girl of Cosa suffered from CD and that CD existed
already 2000 years ago, like Areteus hypothesized on clinical bases. Our results, strengthen the idea that CD was
born a long time ago, walking along together with humans
for a long stretch of their history, perhaps even since
wheat feeding was introduced.
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