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Abstract
Objectives
The paleopathological study of the skeletal remains belonging to Cardinal Carlo de’ Medici (1595-1666), son of
Ferdinando I (1549-1609) and Cristina of Lorena (1565-1637), has been presented previously. A diagnosis of Klippel-Feil
syndrome, tuberculosis and a polyarthopathy, interpreted as rheumatoid arthritis, was suggested.

A revision of this case based on the analysis of the historical documents and of some radiological images of Carlo’s bones
has been proposed recently; according to the Authors, the Cardinal was affected by the “Medici syndrome”, a combined
Psoriatic-DISH arthropathy. This revision offers us the opportunity to discuss this complex case, comparing different
points of view, and to present the results of the molecular analyses carried out on Carlo’s bone samples.

We looked for the genetic risk factors of rheumatoid arthritis (RA) and psoriatic arthritis (PsA). We also searched for the
primary candidate genes of RA and PsA, i.e. DR4 or DRI and Cw6 or DR7 respectively, the latter predisposing also for
psoriasis.

Methods
An original molecular protocol was applied to achieve an aDNA uncontaminated by exogenous sources and almost intact,
starting from one of the Cardinal’s rib pieces. The allele risk factors for both diseases were identified by PCR-SSP assay as
HLA genotyping methodology.

Results
Our data assigned Carlo the genotype DRBI1*04/*11 for HLA-DRB locus and Cw*04/*12 for HLA-C locus.

Conclusions
Since Carlo was infected by M. tuberculosis during infancy and was carrying the DR4 variant but not the Cw6, he surely
had a predisposition to RA, not to PsA and/or psoriasis. The diagnosis of RA is thus confirmed.
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Introduction

In a previous work (1), the skeletal
remains of Cardinal Carlo de’ Medici
(1595-1666), exhumed in the Basilica of
San Lorenzo in Florence, were macro-
scopically and radiologically studied.
This case was particularly interesting,
as it revealed that Carlo was affected by
different severe pathologies.

Ankylosis of the cervical column, as-
sociated with other facial and spine
anomalies was attributed to a congeni-
tal disease, the Klippel-Feil syndrome.
The lesions of C6 and C7 were diag-
nosed as the result of the tuberculosis
(Pott’s disease) the Cardinal suffered
during his infancy. The post-cranial
skeleton showed an ankylosing disease,
mainly symmetrical and extremely se-
vere, involving the large as well as the
small articulations of the appendicu-
lar skeleton, characterised by massive
joint fusion, that totally disabled the
Cardinal in his last years of life. As a
final diagnosis, an advanced, ankylos-
ing stage of rheumatoid arthritis (RA)
was suggested.

The second opinion about the paleo-
pathological study of Cardinal Carlo
de’ Medici proposed by an Australian
and Italian team (G.M. Weisz, M. Ma-
tucci-Cerinic, G.W. Albury, D. Lippi)
offers us the opportunity to re-examine
this complex case and to present the re-
sults of further analyses carried out on
the skeletal remains of this member of
the Medici family.

As stated in the introduction of the sec-
ond opinion, the Authors based their
observations on the archival data and
literature on the Medici Project; in
particular, some radiological images
of Carlo’s skeletal remains were ex-
amined. However, these researchers
did not have access to the complete
photographic documentation acquired
during the study of the Cardinal, nor
were they able to directly observe his
skeletal remains and for this reason the
diagnosis is only of a speculative type.
Diagnosis of diseases in ancient human
remains is a difficult task that requires
long training and specialised compe-
tences, even when direct examination
is possible, but it becomes a bold enter-
prise if the study is performed only on
indirect documentation, as is the case

of the second opinion about Cardinal
Carlo; furthermore, no paleopatholo-
gist was involved in this historical and
radiological study.

This paper intends to reply to the review
of those Authors concerning the differ-
ent illnesses of Carlo and to present the
results of new molecular analyses car-
ried out on his bone samples.

First of all, as concerns the clarifica-
tion they have proposed about the fam-
ily branch to which Carlo belonged, it
seems necessary to clarify that Lorenzo
was certainly an ancestor, but that the
first important personage of this fam-
ily line was Giovanni delle Bande Nere
(1498-1526), considered even by the
Grand Dukes as the real “father” of the
branch from Cosimo I (1519-1574) to
Gian Gastone (1671-1737); moreover,
Anna Maria Ludovica (1667-1743)
was not Grand Duchess, and therefore
the junior branch of the family can be
considered to have been extinguished
with Gian Gastone (2).

Spinal anomalies

In our study of Carlo, a series of spinal
anomalies was observed and the diag-
nosis of two different pathologies was
formulated: the fusion of the cervical
vertebrae was referred to a congeni-
tal disease, the Klippel-Feil syndrome
(KFS), while the wedge-shaped de-
formity involving C6 and C7 was con-
sidered the classical manifestation of
Pott’s disease, i.e. the result of a tuber-
cular infection. In the second opinion
the diagnosis of KFS is basically ac-
cepted, but with some criticism, where-
as the diagnosis of tuberculosis is re-
jected; our colleagues, however, do not
propose an alternative diagnosis for the
lesions affecting C6 and C7.

With regard to the criticisms about
KFS, we confirm the presence of total
atlanto-occipital fusion (AOF) (Fig. 1);
the first cervical vertebra was separated
from the occipital condyles caused by
post-mortal damage and the mechanism
of separation of the AOF was accidental,
surely occurring before exhumation.
As for the tuberculosis, the column
presents a clear picture of a non-severe
form of Pott’s disease, as demonstrated
by the fusion of C6-7 and the wedge
deformity of C6 and C7. The kyphotic
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fracture, occurred before exhumation.

Fig. 1. Skull base of Carlo: the atlas is fused with the occipital condyles, but there is a post-mortal
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angulation of 20 degrees at C6 was not
sufficient for externally detectable gib-
bus (humpback), as observed in the sec-
ond opinion; the formation of a severe
gibbus was prevented by a corset that
was applied by the physician Girolamo
Fabrici d’Acquapendente, called at
court by the father of Carlo, Ferdinando
I, to treat the neck deformity of his son
(2). Pieraccini hypothesised an upper
thoracic deformity on the basis of the
archival document description, and not
on the basis of a direct observation of
Carlo’s remains. The gibbus deformity
is without doubt in the lower cervical
tract, as clearly visible observing the
cervical and thoracic column (Fig. 2).

A further point of discussion concerns
the calcification of the anterior longi-
tudinal ligament (ALL) observed in
the first opinion at the level of T9 and
T10 and another calcification between
C2 and C3 observed by the Authors
of the second opinion, who conclude
that these fusions are manifestations of
diffuse idiopathic skeletal hyperosto-
sis (DISH). However, for diagnosis
of DISH the standard criteria require
involvement of at least 4 contiguous
vertebrae of the thoracic spine (3, 4).
Utsinger lowered the threshold for spi-
nal involvement to 3 contiguous verte-
bral bodies (5); Julkunen et al. consider
bridges connecting 2 vertebral bodies
in at least 2 sites of the thoracic spine

to be characteristic for DISH (6). In
conclusion, also considering the opin-
ion of different Authors, the Cardinal
does not satisfy the criteria for diagno-
sis of this condition. Moreover, consid-
ering the age of Carlo, if he had been
affected by DISH, the disease would
have reached an advanced stage, with
extensive ossification forming a con-
tinuous line of bumps, as observed for
example in Ferdinando I (1549-1609)
(7). The fusion of T9 and T10 is simply
the result of degenerative arthritis of
the column, with typical vertebral os-
teophytosis, leading to the formation of
a bony bridge; the osteophytes are vis-
ible in other vertebrae also on the left
side (i.e. between L2 and L3, and L3
and L4), but without the formation of a
bony bridge (Fig. 3).

As for the neck fistula, the word “fistu-
la” is simply referred to a skin opening
with pus discharge. The term “scrof-
ula” is generally used to indicate the
enlarged nodes of the neck affected by
tuberculosis, not necessarily ulcerated
(8). The term “fistula” is not quoted,
but the description given is that of a
fistula: “fontanella” or “rottorio” that
“spurga gran quantita di materia” (2,
p. 422); there is no evidence of a pos-
sible scrofula.

With regard to vertebral tubercular os-
teomyelitis, according to the second
opinion there is no definite radiological
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Fig. 2. Cervical and thoracic column of Carlo:
the gibbus is present only in the lower cervical
tract.

sign of such a picture in Carlo’s col-
umn. However, there is evident bone
sclerosis in the body of C6 at x-rays;
this sclerosis, with C6-C7 total body
fusion, and the clear round osteolytic
defect of C6, visible at CT, are pathog-
nomonic of recovered tuberculosis (9,
10). This picture is similar to Figure
31-c, regarding a healed case of C5-C6
tubercular spondylitis, and many other
recovered cases (i.e. see Figs. 9d-e,
24c) reported in the fundamental book
by Thijn and Steensma (11). Remission
from vertebral osteomyelitis is a com-
mon finding in paleopathology, and
in literature many cases of Pott’s dis-
ease are referred to healed individuals
(12); long-term survival is also possi-
ble, considering the good alimentation
and lifestyle of the members of an elite
class (13).

Ossification of the anterior ligament is
possible in tuberculosis, while ossifica-



Fig. 3. Fusion of T9 and T10 on the right, refer-
able to degenerative arthritis of the column, with
typical vertebral osteophytosis; osteophytes are
visible between L2 and L3, and L3 and L4, but
only on the left-hand side and without the forma-
tion of a bony bridge.

tion of the lateral ligaments, not visible
in Carlo’s radiological image and men-
tioned by colleagues, is not described
in Pott’s disease (11).

Finally, Carlo was affected by tubercu-
lar infection at the age of 9, and there-
fore the dental abscesses causing sub-
mentorial discharge proposed by our
colleagues, must be ruled out.

In conclusion, there seems to be no
doubt about the diagnosis of tuberculo-
sis. Both historical sources and paleo-
pathological evidence agree with this
diagnosis.

Rheumatoid or psoriatic arthritis?

In the second opinion the diagnosis of
rheumatoid arthritis (RA) is rejected in
favour of psoriatic arthritis (PsSA). The
supposed references to dermatological
signs of the disease are reported: our
colleagues mention a generic Miscella-
neous Medici Archive among the sour-
ces, but the specific documents contain-
ing these references are not indicated.
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In any case, a mention of “rogna” is
actually reported by archival docu-
ments on April 25", 1620.

The other references to skin disor-
ders are disputable: in 1601 there is
the news of a skin outbreak (“rottura
di pelle”, i.e. skin ulcer), but in 1601
Carlo was only 5 years old, and it is
impossible for the onset of psoriatic
arthritis to have been so precocious; in
1644 and 1654-55 there is the news of
“grattatura” (skin erosion) and erysip-
elas (“resipola”, i.e. acute skin inflam-
mation), not “rogna’.

As correctly pointed out by our col-
leagues, ancient “rogna” is an ery-
thematous condition often associated
with pruritus (14) that could fit with
psoriasis. However, the report of a sin-
gle episode of a very generic slight der-
matitis named “finissima (very slight)
rogna” is insufficient because the pic-
ture of skin psoriasis is very severe and
evident, with recurrent and dramatic
attacks. In such an advanced stage of
the disease the manifestation of psoria-
sis would have been massive, and the
archival documents would have men-
tioned this problem. Finally, in the pre-
antibiotic era and in the poor hygienic
conditions of 16" century, even if in the
higher social classes, infectious derma-
tologic diseases were certainly very
common, and therefore the mention
of “rogna” is unlikely to be referred to
psoriasis, but could be the manifesta-
tion of a large number of dermatologi-
cal problems, mainly infectious.

As for the conditions of the appendicu-
lar articulations, the Authors of the sec-
ond opinion affirm that they could not
detect definite subchondral erosions in
the examined images of Carlo and that
they found joint surfaces intact rather
than destroyed. However, subchon-
dral erosions are present only in the
first stages of RA and not in the very
advanced stages (as is the case of the
Cardinal), where only the final condi-
tion of RA, ankylosis, is present; fur-
thermore, there is clear bone destruc-
tion with total symmetrical ankylosis
not only in the knees but, very evident,
in the feet, ankles, hands, carpal bones,
wrists and elbows. The colleagues refer
to Larsen’s grading (15), according to
which ankylosis is the last out of the

15

five grades of RA, and only present
after destruction of the joint surfaces:
this is exactly the RA phase of Cardi-
nal Carlo! The osteoporosis is not only
subchondral because Carlo was not in
the acute phase of the disease; the im-
mobility to which he was condemned in
the last years of his life by the general-
ised articular ankyloses well explains
the severe and diffuse osteoporosis. In
a letter to a nephew he writes: “Y(our)
H(ighness) please excuse me for not
being able to sign in my own hand
(writing), because my hand does not
function” (4th December 1658) (2).
Finally, according to the second opin-
ion, the ankylosis between the third
proximal and middle phalanxes of both
hands is a Boutonniere deformity, and
not a swan neck deformity.

Indeed, as clearly appears from the su-
perior and lateral view of the affected
fingers, there is a proximal interphalan-
geal (PIP) joint hyperextension, with
probable distal interphalangeal (DIP)
joint hyperflexion (the third phalanx is
missing): this is the typical aspect of
swan neck deformity, while Bouton-
niere’s deformity is characterised by
PIP flexion with DIP hyperextension.

Diagnosis

The alternative diagnosis of combined
psoriatic-DISH arthropathy proposed in
the second opinion is not convincing.
Firstly, as mentioned above, Carlo
presents a fusion with a bony bridge on
the right side only between T9 and T10;
as widely reported in literature, the in-
volvement of only two vertebrae is not
sufficient for a diagnosis of DISH.
Secondly, as already discussed, the pres-
ence of psoriasis is not clear: there is
only one episode of “rogna”, but this is
a generic definition that could reflect a
wide range of dermatologic diseases, not
necessarily psoriasis. Furthermore, as
specified earlier, subchondral erosions
are present only in the first stages of RA,
not in the very advanced stage of Cardi-
nal Carlo. The colleagues of the second
opinion followed the CASPAR classifi-
cation for diagnosis of psoriatic arthritis,
suggesting that Carlo’s condition scored
point 4 according to these classification
criteria (16): 2 points for the presence
of psoriasis, 1 point for the family his-
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Boutonniére
deformity

Swan-neck
deformity

Fig. 4. A scheme of the Boutonniére and swan-neck deformities, compared to Carlo’s right finger :
hyperflexion of the DIP joint (the third phalanx is missing) clearly fit with a swan-neck deformity.

tory of psoriasis, 1 point for dactylitis, 1
point for juxta-articular bone formation.
However, it should be pointed out that
the CASPAR criteria were established
according to the clinical features of liv-
ing patients, not applicable to osteoar-
chaeological material. In fact, evidence
of psoriasis in Carlo and of family pso-
riasis in his ancestors is not demonstrat-
ed but only supposed, and there is no
radiographic evidence of juxta-articular
new bone formation in the hands or the
feet; only dactylitis can be supposed on
the basis of bony fusion.

As correctly reported by the Authors of
the second opinion, the condition ob-
served in Carlo is very similar to that
of Piero il Gottoso (1416-1469). Evi-
dence of this rheumatologic disease in
the family supports the diagnosis of
RA, whose aetiology is linked to ge-
netic factors (17).

On the basis of previous considera-
tions, also the existence of the so-called
“Medici syndrome”, a combined pathol-
ogy of psoriasis and DISH affecting the
male members of the primary branch of

the family, recently proposed (18),1is not
supported by convincing and scientific
proofs. We propose a less problematic
explanation for the presence of DISH in
the males of the Medici family: more
simply, recent studies have highlighted
a link between the incidence of DISH
and high social status, with particular
regard to lifestyle and nutritional pat-
terns, diabetes and obesity (19), con-
firming the association between DISH
in mature age and elite status (20-23),
as is the case of the Medici family.

New molecular results

Introduction

Macroscopic and radiological exami-
nations of Carlo’s skeleton exhibited a
number of pathologies, including Klip-
pel-Feil’s Syndrome, a congenital dis-
ease marked by ankylosis of the cervical
column, Pott’s disease, as a consequence
of juvenile tuberculosis infection and,
finally, many signs of an advanced stage
of rheumatoid arthritis (RA), although
psoriatic arthritis (PsA) has also been
suggested (1).
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The association of specific HLA alle-
les and certain autoimmune diseases is
known to be well established. The HLA
system, a highly polymorphic genomic
region playing a central role in the im-
mune response regulation, encodes for
glycoproteins expressed on cell mem-
branes and classified as HLA-class I,
-class II and -class III molecules (24).
A variety of HLA loci act as genetic
risk factors which, after contact with
particular environmental components
(in particular, viruses and bacteria de-
terminants), can trigger a strong auto-
immune reaction through a number of
molecular mechanisms able to break
down the tolerance of the self-reac-
tive T cell towards self-epitopes (25).
RA is a multifactorial autoimmune dis-
ease (AID), the development of which
is closely related to HLA-DRBI loci
belonging to HLA-class II, which in-
cludes the allelic variants DRB1*01
(serotype DR1) and DRB1*04 (pheno-
typically DR4) (26).

PsA is another AID affecting the joints,
a subtype of spondyloarthropathy de-
veloping in approximately 10-30% of
patients showing psoriasis (27). The
appearance of psoriasis pre-dates ar-
thritis: skin lesions generally precede
arthritic symptoms in 75% of cases
and develop about 10 years prior to the
onset of the joint symptoms (28). It is
extensively documented that polygenic
factors are involved in the aetiology of
PsA. Although some non-HLA candi-
date genes (for instance TNF-3, TNF-
a, and other inflammatory cytokines)
have been identified recently, their role
in PsA is still to be defined, whereas
the strongest primary allele predispos-
ing to PSA maps on the HLA class |
genomic subregion and is related to
the Cw*06 genetic variant (29, 30). It
should be emphasised that the absence
of the specific predisposing alleles
cited above excludes the appearance of
both RA and PsA. By contrast, in ge-
netically susceptible individuals, these
diseases could be elicited by environ-
mental factors (for instance Proteus
mirabilis, Mycobacterium tuberculosis
for RA, but also stress and obesity for
PsA).

Firstly, our work was designed to define
the HLA genotype of Cardinal Carlo



de’ Medici by PCR-SSP typing, a use-
ful molecular methodology to evaluate
his predisposition to RA. Secondly,
we focused on what we could acquire
about genetic susceptibility to PsA.
We upheld this research by develop-
ing a protocol to purify ancient DNA
(aDNA), which was well preserved in
terms of concentration and authenticity,
so to be successfully amplified. Heavy
aDNA damages (loss of nucleotides,
hydrolysis and fragmentation) and con-
tamination by microorganism and con-
temporary DNA, often made its recov-
ery from ancient specimens extremely
difficult (31-32). These destructive
phenomena produce DNA fragments
in the percentage between 100 and 300
bp,depending on many different factors
(such as conditions of preservation and
antiquity of the specimens) (31, 33-35),
with more than 100-fold decrease of
the DNA yield, resulting in the failure
and/or decreased fidelity of PCR am-
plification (36). Fortunately, the bone
is a hard material that preserves nucleic
acids better than other tissues because
aDNA is contained within cells which
usually retain structural integrity.

In short, after DNA extraction and pu-
rification, we performed HLA genotyp-
ing from a fragment of Cardinal Car-
lo’s bone.

Materials and methods

The sample consisted of a rib fragment,
which was put into a 15 mL tube and
kept at 4°C until analysis. All precau-
tions were taken for pre-treatment and
handling of the sample. Since contem-
porary contaminations with foreign
genetic material can easily become a
source of false-positive results in an-
cient DNA (aDNA) research, labora-
tory personnel wore protective clothes
(body suit, hairnets, hoods, gloves and
safety-masks). All reagents, contain-
ers and tools, as well as the same bone
sample, were left under UV light for
at least half an hour to cross-link any
contaminating DNA on working sur-
faces. Prior to UV exposure, the bone
was washed with TE Buffer (10 mM
Tris-HC1 pH 8.0, ImM EDTA) for
30 min with continuous vertical rota-
tion and dried. The rib was pulverised
with a Dremel tool. In order to achieve
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the best yield of DNA we applied
three different approaches. The first
two samples, named CCO1.04EE and
CCO04.04EE, differed only in the time
of bone digestion but not in the remain-
ing DNA extraction procedure. 200 mg
of both CCO1.04EE and CCO04.04EE
bone powder were digested in 4.2 mL
of a lysis buffer consisting of 0.5 M
Na,EDTA, pH 8.0, 10 mM Tris-HCL,
pH 7.8, NaCl 100 mM, SDS 0.1%, and
Proteinase K added to a final concen-
tration of 250 pug/mL. The first sample
was left in a lysis buffer for a shorter
time than the second one (12 hours in-
stead of 2 days). DNA extraction and
purification steps were associated with
the “open tube” control test, a strategy
aimed at assessing the foreign nucleic
acid introduction during molecular
analysis: three 1.5 mL tubes containing
sterile water were left open in all work-
ing areas during the entire processing
of the specimens, from bone powder-
ing to PCR reaction mix preparation.
Some aliquots of tube water were then
amplified along with the samples to
verify the presence of contaminating
DNA. 600 uL of the digestion solution
were placed into 15 ml of a conic poly-
propylene tube with a sterile disposable
pipette and centrifuged at 7000g for 20
min. 350 pL of the clear supernatant
containing DNA were transferred to a
1.5 mL Eppendorf tube and purified by
means of the Masterpure™ DNA Pu-
rification Kit (EPICENTRE, Madison,
WI, USA), a method based on the Salt-
ing-Out procedure conceived by Miller
(37) and further modified by us to ob-
tain higher nucleic acid yield and pu-
rity. The lysis suspensions were mixed
and vortexed with a protein precipita-
tion reagent (180 uL of saturated NaCl
solution containing CH,COONa: so-
dium acetate) to precipitate the debris
by centrifugation at 10000g for 10 min.
The supernatant was recovered and
put into a clean microcentrifuge tube.
This step was repeated twice. aDNA
was precipitated with the addition of
isopropanol 100% followed by high
speed centrifugation, after freezing at
-70°C for 20 min. The DNA pellet was
dried, washed twice with 75% of etha-
nol and dissolved in 50 pL of Tris 10
mM, pH 7.8. The CC04.04EP sample

was first treated by the PCIA method
(Phenol/Chloroform/Isoamyl  Alcho-
hol, 25:24:1, v/v/v, Tris-EDTA buff-
ered saturated, pH8) (38) starting from
an 600 pL aliquot of the bone digested
solution, followed by purification with
the Masterpure™ DNA Purification kit
of EPICENTRE, modified by us as de-
scribed above.

Genotyping of Cardinal Carlo’s body
was performed by means of PCR-SSP
(Polymerase Chain Reaction with Se-
quence-Specific Primers). This tech-
nique is a system to screen HLA human
characteristics at the genomic level and
is based on the amplification refractory
mutation system (ARMS) described by
Middleton et al. (39). To execute HLA-
DRB and HLA-C analysis on Cardinal
Carlo’s DNA we used the low resolu-
tion Biotest DRB SSP kit for HLA-
DRB and the low resolution Biotest
HLA-C SSP kit for HLA-C, both tests
supplied by Biotest (Dreiech, Germa-
ny). The PCR trays consist of a block
of 200 pL tubes, each containing dried
allele-specific or group allele-specific
primers, together with an internal con-
trol (IC) represented by dried primers
which amplify a 1069 bp fragment of
the ubiquitous “housekeeping” gene for
the human growth hormone (HGH).
Despite the commercial kit protocol,
the PCR mix composition was modi-
fied by enrichment with Taq and MgCl,
and the DNA was slightly diluted (1:1)
with sterile double distilled water as
precautions to avoid amplification fail-
ure for the presence of inhibiting im-
purities (e.g. Maillard products) (36).
For HLA-DRB genotyping, 10 pL of
PCR mix (146.2 pL. dH,0, 120 uL PCR
cocktail, 3.6 uL. Taq DNA polymerase,
30 uL DNA, 2 uL MgCl, glycerol and
cresol red) were dispensed into each of
the 23 tubes of a 24-tube PCR tray. The
first tube of each PCR tray acts as nega-
tive control and contains the complete
PCR reaction mix without DNA, which
was replaced with an equal aliquot of
sterile water. For the PCR analysis of
HLA-C locus, equal aliquots of the am-
plification mix were pipetted into each
of the 17 tubes of the 18-tube PCR tray,
the first tube being the negative con-
trol. DNA samples were amplified in a
GeneAmp PCR system 9600 (Perkin-
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Elmer, Foster city, CA, USA). Cycle
parameters were set according to the
instructions provided to the users. The
PCR products were loaded into each
well of a 2% agarose gel stained with 4
pL of ethidium bromide (EtBr) solution
(EtBr final concentration: 10 mg/mL).
Electophoresis was realised in 1 X TBE
Buffer (90 mM Tris-Borate and 2.5 mM
EDTA prepared in demineralised sterile
water) and the amplicons were visual-
ised as bands with a UV transillumina-
tor (BIO-RAD, Hercules, CA, USA).
The allelic assignment was based on
the presence or absence of amplicons
and was carried out by reading the pat-
tern of the specific bands on a reaction
sheet supplied by the manufacturer.

Results

Spectrophotometric evaluations docu-
mented a good double-strand DNA
(dsDNA) concentration (112 pg/mL).
The A260/A280 nm ratio, measured to
evaluate DNA purity, was 1.4. In order
to further check DNA quality, gel elec-
trophoresis was performed by loading
the DNA isolated from all the samples
differently processed (Fig. 5). The mo-
lecular amplicon weights were estab-
lished by DNA-size Markers (One Lam-
ba, Inc, Canoga Park, CA, USA). The
difference in the digestion time results
in the absence of DNA for CC01.04EE.
Conversely, the CC04.04EE sample
showed only two sharp bands of the
DNA without severe fragmentation, an
aspect indicative of its good preserva-
tion during extraction and purification
procedures. No DNA trace was detect-
ed for the CC04.04EP sample, perhaps
as a consequence of DNA loss during
the PCIA step. All DNA samples were
compared to the DNA purified from
human fresh bone sampled at necropsy,
used as modern control and treated in
accordance with the protocol adopted
for the CC04.04EE sample.

Figure 6 displays the result of the
HLA-DRB PCR-SSP test showing the
DRB1*04 allele amplification. Positiv-
ity for DRB1*#04 (phenotipically DR4)
is confirmed by the presence of the
DRB4 gene (serotype DR53), notori-
ously associated with DR4. The assay
also revealed positivity for DRB1*11
(phenotype DR11), which is linked

CC01.04 EE B CC 04.04 EE CC04.04 EP

Fig. 5. Bands of genomic DNA purified from a rib fragment of Cardinal Carlo. 5 uL of DNA mixed with
1 pL of cresol red 1 mg/mL are loaded on agarose gel. Wells from left to right: /ine 1, DNA Size Markers
consisting of dsDNA fragments with sizes of 50, 150,400, 750 and 2564 bp; line 3 (CCO1.04EE); line 5,
(CCO4.04EE); line 7 (CC04.04EP); line 9, modern sample of DNA. Lines 2, 4, 6 and 8 are empty. CC:
Cardinal Carlo. The four numbers following the acronym CC indicate the DNA extraction date from the
bone: the first two numbers refer to the day, the second two to the month. EE: DNA purification by the
NaCl-CH,COONa/isopropanol method using Masterpure™ DNA Purification Kit EP: DNA extraction
with PCIA followed by purification with NaCl-CH,COONa/isopropanol (see text for more details).

Fig. 6. Results of the PCR-SSP genotyping test for the HLA-DRB locus of Cardinal Carlo. The PCR
products are loaded into each well of a 2% agarose gel stained with EtBr, electrophoresed and visual-
ised under UV light. The arrows indicate the band positions of PCR products at lines 8 and 23 corre-
sponding to DRB1*04 and DRB4 alleles, respectively, and the band at line 5 as an example of internal
control (IC). Line I represents the negative control. The remaining positive bands define the second al-
leles of Cardinal Carlo, exactly DRB1*11 (phenotypically DR11, lines 13 and 16) always co-expressed
in conjunction with DRB3 (serotype DR52, line 22).

with the DRB3 locus on the HLA-DRB  to the length of the HGH amplicon, a

sub-region. Only a few internal con-
trols (IC) can be seen on the gel owing
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typical behaviour when one is working
with aDNA.
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Fig. 7. Cardinal Carlo’s genotype for HLA-C locus after PCR-SSP assay and visualisation on agarose
gel with EtBr staining. The arrows indicate the presence of amplicons at lines 6 and 12, corresponding
to Cw*04 and Cw*12 allele variants, respectively. In line 2 the arrow shows an example of interna
control (IC). Line 1 contains the negative control.

With respect to HLA-C locus, the typ-
ing test allows the assignment of the
Cw*04/Cw*12 genotype to Carlo.
There is no evidence of the PCR pro-
duct at the position corresponding to
Cw*06 on the gel (Fig. 7).

All experiments (DNA isolation and
molecular typing) were performed in
triplicate and repeated at different dates,
with the same results.

Discussion

An optimised protocol for aDNA isola-
tion from the bone allowed us to obtain
good amplifiable starting material to
accomplish HLA typing at the genomic
level of Cardinal Carlo de’ Medici,
whose genotype for DRB1 and C loci
was DRB1¥04/*¥11 and Cw*04/*12.
Therefore, he was bearing the specifi-
city HLA-DR4 predisposing to RA,

but not HLA-Cw6 considered to be
the strongest risk factor for PsA and
psoriasis. DRB1*11, Cw*04 (Cw4 in
serology) and Cw*12 alleles are not
involved in the onset of RA, PsA or of
other rheumatic diseases.

Our molecular results confirm that
acetate-isopropanol purification is a
suitable method for isolating aDNA, a
feature strengthened by some literature
data (40, 41). Furthermore, the very
low degree of DNA fragmentation in
the analysed sample confirms the good
conditions of Carlo’s skeleton, as re-
ferred by experts at the last body ex-
amination (1). Typical HLA genotyp-
ing analysis exhibits two advantageous
characteristics, crucial when one is
working with aDNA. Firstly, the PCR-
SSP test specifically used in our work
amplifies the nucleotide sequences
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with a length varying from 110 bp to
370 bp. This is confirmed by the more
difficult PCR amplification observed
for IC (1069 bp) that was not always
visible on the gel. Secondly, all HLA
genotyping kits have been designed to
amplify only human DNA templates,
thus excluding any interference deriv-
ing from the exogenous genomes of
other species.

The HLA genetic system, mapping on
the major polymorphic region within
the human genome, contains a large
number of genes associated with numer-
ous AIDs, among which RA, PsA and
psoriasis (42). The molecular mecha-
nisms underlying the manifestation of
HLA-restricted AIDs are still poorly
understood for a variety of non-mutual-
ly exclusive reasons including survival
of autoreactive T cell clones, unknown
target autoantigens, epistatic effects,
dosage and penetrance of the express-
ing genes and existence of a strong
linkage disequilibrium (LD) within
the same HLA region and between the
HLA and non-HLA genes (43, 44). The
link between RA and the risk alleles
DR1 and DR4, both widespread in the
Caucasoid population (45, 46), can be
well explained by “molecular mimi-
cry”, a reliable theory consisting of a
strong autoimmune response involving
the synthesis of autoantibodies cross-
reacting with DR1/DR4 variants, some
pathogen determinants and/or self-
epitopes, all of which bear common or
similar amino-acid sequences (47, 48).
All DR4 allelic variants predisposing
to RA carry a EQK/RRAA peptide mo-
tif, known as “shared epitopes” located
in the HLA molecule groove (49, 50,
51,52), the site responsible for binding
of antigen-derived peptides produced
inside the antigen presenting the cells
(APCs: macrophages, dendritic cells,
B-cells and Type A synoviocytes). The
HLA-peptide complex interacts with
TCD4* cells to initiate the immune re-
action (26). After a microbial infection,
autoantibodies recognise as non-self
the DR4 molecules and/or host deter-
minants that share similarity sequence
with the microbe itself (47). Numer-
ous examples of sequence homology
between DR4 variants and many mi-
crobial peptides have been described,
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like the Epstein-Barr virus glycopro-
tein gpl00 (bacterial homologous se-
quence: QK/RRAA) (53), Escherichia
coli heat shock proteins DnaK and
DnaJ (QKRAA) (54, 55), Proteus mi-
rabilis haemolysin (ESSRAL) (56, 57)
and Cytomegalovirus (LGRPN) (58).
Recently, other structural homologies
have been identified in the DR4 mol-
ecule and cartilage components like
proteoglycans (59) and Type II colla-
gen (CII) (60-62), considered as arthri-
togenic peptides. It follows that tissue-
specific damages in RA occur for the
presence, in the joint fluid and synovi-
um, of dendritic cells (DCs) and Type
A (macrophage-like) synoviocytes and
cartilage components (63, 64), all of
these expressing DR4 molecules which
become targets of autoantibody attack
(65). Circulating antibodies towards
CII (66, 67, 68) and the complex HLA-
DR4/HCgp-39%6327> (a peptide of hu-
man cartilage) (59) were found in the
rheumatic synovial membrane when
combined with inheritance of HLA-
DR4 or -DRI1.

Interestingly, the Mycobacterium tuber-
culosis 65-kDa heat shock protein (hsp)
possesses a peptide (KDLL) common
to three subsets of the DRB1 loci: DR1,
DR3 and DR4. This sequence homolo-
gy can trigger an immune reaction with
massive release of antibodies against
self-determinants, like the DR4 itself
(69). A work reports on the existence of
a nine-aminoacid M. tuberculosis motif
shared with that of proteoglycans (70),
and aggressive T-cells towards myco-
bacterial 65-kDa hsp from rheuma-
toid synovial fluid have been isolated
(71). All these findings might explain
how molecular mimicry mechanism
induced by the structural similarity of
M. tuberculosis antigens and synovial
self-peptides evokes DR4-restricted
RA and causes local inflammation with
progressive joint injury (59, 70).

The immunogenetic basis of PsA re-
mains unclear due to its polygenic na-
ture and the strong LD between HLA-
C and other supposed causative loci.
A number of genes, e.g. some HLA-B
alleles (HLA-B13, B57, B39) and cy-
tokines, have been suggested as fur-
ther possible candidates (72, 73), and
HLA-Cw6 specificity is thought to be

the main determinant of susceptibility
to psoriasis and PsA (74). This asser-
tion, confirmed by several studies (75,
76, 77), is above all supported by the
observation that HLA-C locus lies in a
genomic region characterised by very
strong LD (many hundreds of bp), also
encompassing the other supposed pre-
disposing genes (30, 73). In any case,
HLA-DRB1*04 alleles are not associ-
ated with PsA (72).

Our results along with rich literature
data enable us to state that Carlo was
bearing a genetic risk marker, the DR4,
certainly declaring his predisposition
to develop RA after a microbial infec-
tion. Even though the microbial agents
triggering RA are quite widespread, the
M. tuberculosis can certainly be taken
into consideration since Carlo suffered
from Pott’s disease during his infancy.
On the contrary, the Cardinal is rather
unlikely to have been affected by PsA
as he did not carry the genes considered
to be the first important genetic risk
factors for this disease, namely HLA-
Cw6 and HLA-DR7 (77,78, 79).
Therefore, the presence of DR4, ab-
sence of Cw6 and DR7 and previous
infection with M. tuberculosis are all
elements addressing to RA rather than
to PsA. Vice versa, evidence in favour
of PsA (and opposing to RA) should
have implied the lack of HLA-DR4 and
presence of HLA-Cw6 or HLA-DR7.
Moreover, negativity for Cw6 suggests
that Carlo could not even suffer from
psoriasis.

Conclusions

The paleopathological study of the ske-

letal remains of Carlo revealed that:

e the Cardinal was affected by a tu-
bercular infection in infantile age, as
confirmed by the signs of a healed
Pott’s disease in the lower cervical
column;

* the macroscopic picture of arthropa-
thy is more similar to that of rheuma-
toid arthritis than psoriasic arthritis;

e Carlo had a clear predisposition to
rheumatoid arthritis, and not to pso-
riatic arthritis, as demonstrated by
the new molecular data.

In conclusion, the diagnosis of rheu-

matoid arthritis in an advanced stage of

evolution is confirmed.
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