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Abstract

Current literature regarding systemic autoimmune diseases in X-chromosome aneuploi-
dies is scarce and limited to case reports. Our aim was to evaluate the frequency of
anti-nuclear (ANAs), extractable nuclear (ENA), anti-double-stranded DNA (dsDNAs),
anti-smooth muscle (ASMAs) and anti-mitochondrial (AMAs) antibodies in a large
cohort of adults with Klinefelter’s syndrome (KS, 47,XXY) and rare higher-grade sex
chromosome aneuploidies (HGAS) for the first time. Sera from 138 X-chromosome ane-
uploid patients [124 adult patients with 47,XXY KS and 14 patients with HGA (six chil-
dren, eight adults)] and 50 age-matched 46,XY controls were recruited from the Sapienza
University of Rome (2007-17) and tested for ANAs, ENAs, anti-dsDNAs, ASMAs and
AMAs. Non-organ-specific immunoreactivity was found to be significantly higher in
patients with 47,XXY KS (14%) than in the controls (2%, p = 0.002). Among all the
antibodies investigated, only ANAs were observed significantly more frequently in pa-
tients with 47,XXY KS (12.1%) than in the controls (2%, p = 0.004). No anti-dsDNA
immunoreactivity was found. Stratifying by testosterone replacement therapy (TRT),
non-organ-specific autoantibody frequencies were higher in TRT-naive (»p = 0.01) and
TRT-treated groups than in controls. No patients with HGA were found positive for the
various autoantibodies. Non-organ-specific autoantibodies were significantly present in
47,XXY adult patients. Conversely, HGAs did not appear to be target of non-organ-
specific immunoreactivity, suggesting that KS and HGAs should be considered as two
distinct conditions. The classification and diagnosis of systemic autoimmune diseases is
frequently difficult. To support a correct clinical evaluation of KS disease and to prevent
eventual secondary irreversible immune-mediated damages, we highlight the importance

of screening for non-organ-specific autoimmunity in Klinefelter’s syndrome.
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INTRODUCTION

Klinefelter’s syndrome (KS) is the most frequent sex chromo-
somal disorder in men, with the 47,XXY karyotype occurring
in approximately 150 in 100 000 men [1]. More rare and more
severe tetrasomy and pentasomy have also been described
[2], with 48, XXYY, 48, XXXY and 49, XXXXY occurring in
1:18 000-1:40 000 [3], 1:50 000 [4] and 1:85 000—1:100 000
men [5,6], respectively, whereas the prevalence of 49, XXXYY
remains unknown. Due to significant differences between
all these variants, no exact definition of X-chromosome an-
euploids in the scientific community exists. A recent paper
suggested considering KS and higher-grade aneuploidies
(HGA) of the sexual chromosomes (chromosomes 48 and 49)
as two distinct medical conditions and acknowledging them
as more severe X-chromosome aneuploids [7]. A direct rela-
tionship between the number of additional sex chromosomes
and the severity of the phenotype is generally assumed. All
X-chromosome aneuploidies present with testicular dysgen-
esis and are associated with hypergonadotropic hypogonad-
ism. Additionally, they have their own distinct features, such
as dysmorphic facial features, skeletal deformities, hypotonic
musculature, tremors, genital anomalies and neurological
and cognitive impairment [4,7]. It has long been recognized
that most autoimmune diseases exhibit considerable sex di-
morphism with a higher incidence in women [8]. Two major
factors are thought to contribute to this dimorphism: gonadal
hormones and direct X chromosome effects [8—12]. As early
as the 1960s and 1970s, several reports have described the
concomitant occurrence of X-chromosome aneuploidies with
organ-specific autoimmune diseases [13—16]. More recently,
we demonstrated a comprehensive pattern of humoral endo-
crine organ-specific immunoreactivity in a large cohort of
children and adult Caucasians with 47,XXY KS as well as in
patients with rare HGA [17,18]. To date, limited information
is available from sparse case reports and retrospective stud-
ies on autoimmune diseases associated with systemic autoan-
tigens in patients with 47, XXY KS and HGA [19,20]. It is
extremely difficult to precisely diagnose non-organ-specific
autoimmune diseases in clinical practice. A correct diagnosis
for these diseases relies heavily upon adequate history-taking
and physical examination. Laboratory tests can also be per-
formed to predict the onset or confirm the diagnosis of non-
organ-specific autoimmune diseases.

ANA detection is usually the first autoantibody test pre-
scribed to patients with suspected systemic autoimmune dis-
orders such as systemic lupus erythematosus (SLE), mixed
connective tissue disease (MCTD), Sjogren’s syndrome (SS),
progressive systemic sclerosis (PSS), juvenile idiopathic ar-
thritis, dermatomyositis/polymyositis (DM/PM) and autoim-
mune hepatitis [21-24].

AMAs are found in more than 90% of primary biliary
cirrhosis cases and 3—-11% of chronic active hepatitis cases,

but not in patients with extrahepatic biliary obstruction and
other liver diseases. High AMA titers are the most sensitive
and specific primary biliary cirrhosis immune-serological
markers, with a specificity close to 100% [25,26]. ASMA is
found in the majority of chronic active hepatitis and acute
viral hepatitis cases, as well as occasionally in primary bili-
ary cirrhosis cases. They are routinely tested for the diagnosis
of autoimmune hepatitis type I [27-29].

Anti-DNA antibodies are a heterogeneous group of im-
munoglobulins with different degrees of specificity and
avidity. In our study, we analyzed antibodies that were di-
rected against double-helix DNA (dsDNA). They recognize
epitopes located along the deoxyribose—phosphate backbone
with a binding site that comprises approximately six nucleo-
tides. These autoantibodies have high avidity and specificity
and are widely used in the diagnosis and monitoring of SLE
[30-32]. ENAs represent a large family of non-organ- and
non-species-specific autoantibodies, the detection of which
is of great importance in the laboratory diagnosis of systemic
rheumatic autoimmune diseases [33-36].

The aim of this study was to evaluate the frequency of
a spectrum of non-organ-specific autoantibodies, such as
anti-nuclear antibodies (ANAs), anti-mitochondrial anti-
bodies (AMAS), anti-smooth muscle antibodies (ASMAS),
anti-double-stranded DNA (dsDNA) and extractable nuclear
antigens (ENAs), in a large cohort of adult patients with
47,XXY KS and patients with HGA.

SUBJECTS AND METHODS
Patients

A total of 138 Caucasian patients with X-chromosome ane-
uploidies were recruited from the Center of Rare Diseases,
Department of Experimental Endocrinology, La Sapienza
University of Rome, from 2007 to 2017 (Table 1). The

TABLE 1 Characteristics of adult 47,XXY KS patients and HGA
patients

47,XXY KS
patients HGA patients
n=124 n=14

Age (years) + SD range 35 + 11 (18-63) 19 + 10 (5-34)

FSH (mIU/ml) + SD 235+ 15 3117
LH (mIU/ml) + SD 12.6 + 8 169 + 10
T (nmol/l) + SD 105+ 8 11.1 +£8
E2 (pg/ml) + SD 319+ 15 274 + 14
SHBG (nmol/l) + SD 422 +25 59.1 + 54

Abbreviations: E2, estradiol; FSH, follicle-stimulating hormone; HGA,
higher-grade aneuploid patients; KS, Klinefelter’s syndrome; LH, luteinizing
hormone; SD, standard deviation; SHBG, sex hormone binding globulin; T, total

testosterone.
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diagnosis was based on clinical features and high serum
follicle-stimulating hormone and luteinizing hormone and
low total testosterone concentrations. The diagnosis was
confirmed by karyotype analysis from cultured peripheral
blood lymphocytes. Serum follicle-stimulating hormone,
luteinizing hormone, total testosterone, estradiol and sex
hormone-binding globulin concentrations were measured
using chemiluminescent microparticle immunoassay tech-
nology (Architect System; Abbott Diagnostics Division,
Chicago, Illinois, USA). The mean serum follicle-stimulating
hormone, luteinizing hormone, total testosterone, estradiol
and sex hormone-binding globulin concentrations are re-
ported in Table 1. Overall, 124 patients had 47,XXY KS
and were aged more than 18 years (median = 35 + 11 years;
range = 18-63 years), where 14 patients had the HGA kary-
otype (median = 19 + 10 years; range = 5-34 years).

Adult patients with 47,XXY KS were further divided
according to testosterone replacement therapy (TRT) into a
TRT-naive group that consisted of 70 patients with KS who
had never undergone TRT (median age = 34.5 + 10.9 years;
range = 18-63 years) and a TRT treatment group that con-
sisted of 54 patients with KS who underwent TRT (median
age = 34.7 + 11.3 years; range = 19-61 years) (Table 2).

The 14 patients with HGA (48, XXXY, 48 XXYY,
49, XXXXY) included five patients who were aged less
than 18 years (median = 9 + 5 years; range = 5-17 years)
and nine patients who were aged 18 or more years (median
age = 25 + 6 years; range = 18-34 years).

46,XY controls

Data from the aneuploid patients were compared with those
from 50 serum samples collected from 46,XY men [median
age = 43 years + standard deviation (SD) = 12; range = 21—
64 years] (Table 2).

All adult controls had a history of spontaneous puberty
with gonadotropin levels and physical parameters within the
normal range (Table 2) and no clinical evidence of autoim-
mune diseases.

Autoantibody detection

All subjects were investigated for the presence of autoantibod-
ies specific to non-organ-specific autoimmune diseases. In
detail, we evaluated ANA, AMA, ASMA, dsDNA and ENA.
ANAs were tested by indirect immunofluorescence test (IF)
on HEp-2 cells (ZENIT RA ANA ref. 37805; A. Menarini
Diagnostics Ltd, Florence, Italy). AMAs and ASMAs were
detected using an indirect immunofluorescence on the stom-
ach/liver (ZENIT RA ref. 37787; A. Menarini Diagnostics
Ltd). Screening for anti-dsDNA was performed by chemilu-
minescent immunoassay (ZENIT RA dsDNA IgG ref. 41413;
A. Menarini Diagnostics Ltd). ENA were measured using
chemiluminescent immunoassay (ZENIT RA ENA screen,
ref. 41412; A. Menarini Diagnostics Ltd) for qualitative de-
termination of the specific immunoglobulin (Ig)G antibod-
ies directed against SS-A/Ro (60 and 52 kDa), SS-B/La, Sm,
Ul-snRNP (70 kDa, A and C), Scl-70 and Jo-1 antigens.
Anti-thyroid peroxidase (anti-TPO) antibodies were measured
using Architect® chemiluminescent microparticle immunoas-
say (ARCHITECT® Anti-TPO, ref. 2K47 Architect System;
Abbott Diagnostics Division).

Statistical analysis

SAS version 2 software was used for statistical analysis. Data
were expressed as frequencies or mean + standard deviation or
median values. Differences in frequency were calculated using the
Fisher’s exact test. A p-value of “0.05 was considered significant.

TABLE 2 Characteristics of TRT-naive and TRT-treated adult KS patients and age-matched 46,XY control group

TRT-naive TRT-treated Control group
KS patients > 18 years n=70 n=>54 n=>50
Age (years) + SD range 35+ 11 (18-63) 35+ 11 (19-61) 43 + 12 (21-64)
FSH (mIU/ml) + SD 279 +13.2 175+ 14.4 43+18
LH (mIU/ml) + SD 145+6.1 10.5 + 8.7 32+13
T (nmol/l) + SD 105+ 8.4 10.4 £ 8.4 59+16
E2 (pg/ml) + SD 33.0£134 30.7 £ 16.7 293 +12.6
SHBG (nmol/l) + SD 454 £24.8 37.8 £23.3 342 +14.1

Abbreviations: E2, estradiol; FSH, follicle-stimulating hormone; LH, luteinizing hormone; SD, standard deviation; SHBG, sex hormone-binding globulin; T, total

testosterone; TRT, testosterone replacement therapy.
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RESULTS

Non-organ-specific humoral autoimmunity in
adult patients with 47, XXY KS and patients
with HGA

Overall, immunoreactivity was found in 12.8% (17 of 133;
95% CI = 7.1-18.5) of adult X-chromosome aneuploid pa-
tients (KS and HGA). Seventeen adult patients with 47, XXY
KS were positive for at least one of the non-organ-specific
autoantibodies investigated (Table 3) with a frequency (17
of 124, 13.7%; 95% CI = 7.7-19.8) significantly higher than
in controls (one of 50, 2.0%; 95% CI = —=1.9 to 5.9) (p =
0.02). The most representative immunoreactivity in patients
with 47, XXY KS was against ANA (12.1%, 15 of 124; 95%
CI = 6.4-17.8) with a frequency significantly higher than
that in the control group (one of 50, 2.0%; 95% CI = 1.2-6.2)
(p = 0.04). Lower frequencies were detected for ENA (1.6%,
two of 124; 95% CI = —0.6 to 3.8), AMA (0.8%, one of 124;
95% CI = —0.8 to 2.4) and ASMA (0.8%, one of 124; 95%
CI = —-0.8 to 2.4), whereas no samples were positive for anti-
dsDNA antibodies. Overall, only two patients with KS were
positive for both ANA and ENA, whereas the remaining pa-
tients were positive for just one of the autoantibodies inves-
tigated. None of the patients with HGA were positive for the
non-organ-specific autoantibodies investigated. The clinical
and autoimmune characteristics of autoantibody-positive pa-
tients are shown in Table 4.

Humoral autoimmunity in adult patients with
47,XXY KS subdivided by TRT

Autoantibody frequencies in the TRT-naive group, TRT
treatment (mean therapy duration = 10 years; range = 1-33
years) group and controls are reported in Figure 1. Serum
samples from 11 (15.7%; 95% CI = 7.2-24.2) of the 70

TABLE 3 Frequency of non-organ-specific autoantibodies in adult
47,XXY KS patients and age-matched control group

47,XXY KS Control

Autoantibodies patients, n = 124 group, n = 50 P

> 1 antibody 17 (13.7%) 1 0.02
ANA 15 (12.1%) 1 0.04
AMA 1(0.8%) 0 NS
ASMA 1(0.8%) 0 NS
dsDNA 0 0 NS
ENA 1(0.8%) 0 NS

Abbreviations: AMA, anti-mitochondrial antibodies; ANA, anti-nuclear
antibodies; ASMA, anti-smooth muscle antibodies; dsDNA, anti-double-
stranded DNA; ENA, anti-extractable nuclear antigens; NS, not significant;
TRT, testosterone replacement therapy.

TRT-naive patients with KS and six of the 54 TRT-treated
patients (11.1%; 95% CI, = 2.7-19.5) were positive for at
least one of the non-organ-specific autoantibodies inves-
tigated. The immunoreactivities of these two groups were
comparable and both were higher than those in the controls
(2%, one of 50; 95% CI = 1.2-6.2), although this difference
was only statistically significant (p = 0.01) between TRT-
naive patients and controls (Figure 1). Nine TRT-naive (nine
of 70, 12.8%; 95% CI = 5.0-20.7) and six TRT-treated pa-
tients (six of 54, 11.1%; 95% Cl= 2.7-19.5) were positive
for ANA. The ANA frequency in TRT-naive patients was
significantly higher than that in the controls (p = 0.04). In
the TRT-naive group, lower frequencies were detected for
ENA (2.9%, two of 70; 95% CI = —1.0 to 6.8), AMA (1.4%,
one of 70; 95% CI = 1.4-4.2) and ASMA (1.4%, one of 70;
95% CI = —1.4 to 4.2), and no samples were positive for
anti-dsDNA antibodies. Meanwhile, the TRT treatment pa-
tient group was negative for ENA, AMA, ASMA and anti-
dsDNA antibodies.

Autoantibody-positive patients

The clinical and autoimmune profiles of the autoantibody-
positive patients (17 of 124, 13.7%) are shown in Table 3.
Eleven of these patients had no history of TRT, whereas six
were undergoing TRT at the time of blood sample collec-
tion (mean therapy duration = 6 years; range = 1-14 years).
Almost 90% (15 of 17) of autoantibody-positive patients
screened were positive for ANA (Table 4). Four of the ANA-
positive X-chromosome aneuploid patients were immuno-
reactive to anti-thyroglobulin antibodies. Serum samples
from 15 immunoreactive patients showed immunoreactivity
against only one non-organ-specific autoantibody: 13 were
positive for ANA, one for AMA and one for ASMA. Only
two samples were positive for both ANA and ENA. Of these
two patients, one was found positive for anti-RNP antibodies,
whereas the other was immunoreactive for SS-A/Ro antibod-
ies. None of the investigated samples were found positive for
anti-dsDNA antibodies.

DISCUSSION

In the present study, we evaluated the frequency of ANA,
ENA, anti- dsSDNA, ASMA and AMA in a large cohort of
adult patients with 47,XXY KS and patients with HGA
for the first time. Apart from sparse case reports and ret-
rospective studies, limited information exists on these
specific forms of non-organ-specific autoimmunity in X-
chromosome aneuploidies in the current literature [13-16].
Data regarding non-organ-specific autoimmunity, in addi-
tion to those obtained in our previous studies [17,18] on



PANIMOLLE ET AL.

*Kdexoyy yuowraoerdax

QUOI9)$0)s9) ‘ [, ‘SudSnue Iea[onu o[qeioenxa-nue ‘YN ‘VNJ Paurens a[qnop-nue “yYNsp SoIpoqrue 9[osnu Jjoows-Nue “YASY SAIpoqnue resfonunue YNV $SoIpoquue [eLIPUOYd0)IW-Nue ‘YA SUONRIAIQQY

- - - - - (091:1) snoduaSouoy + 0 - AXX LY St L1

- - - - - (08T1:1) 21owoNuUd + T + AXXLY 144 91

- - - - - (08:1) snoaudgowoy + I + AXX'LY 44 Sl

- - - - - (091:1) snoduagowoy + 0 - AXX'LY ov 1

- - - - - (08:1) snoaudgowoy + I + AXX'LY ov €l

- - - - - (08:1) snosuagowoy + 4 + AXX'LY ov 4!

- - - - - (0%9:1) snoduadouoy + 0 - AXX'LY 8¢ 1

- - - - - (08:1) snoauagowoy + 0 - AXX'LY LE 01

- oY/v-SS (07:1) + - - - (091:1) pappads + 0 - AXX LY LE 6

- dN¥-Due (op:1) + - - - (091:1) pappdads + 0 - AXX LY LE 8

- - - - - (091:1) snoduagowoy + 0 - AXX'LY €¢ L

- - - - - (091:1) snoduagowoy + 1 + AXX'LY € 9

- - - - - (08:1) snosuddowoy + I + AXX'LY 0¢ S

- - - - - (08:1) snosuagowoy + 0 - AXX'LY €T ¥

- - - (orD+ - - 0 - AXX'LY 0c €

- - - - - (091:1) snoduagouroy + 0 - AXX'LY 61 4

- - - - o1 + - 0 - AXX'Ly 81 I
yudwdopaAdp VNA  VNAsP VISV VIV (wonnyip) (s1eaf) YL  ddKyohreyy (s1ea4) Joquinu
JSBISIP dUNUWIWIO)NY w)ed Iedpnu YNV Adexay) uonean(q ady juned

Clinical & Experimental

Immunology

g ﬂ The Journal of Translational Immunology

Immuno

. British Society for

320 |

syuoned projdnaue swosoworyd-x 2anisod-Apoqnueoine jo suroped Ajianoedtounww] $ FIGV L



NON-ORGAN-SPECIFIC AUTOIMMUNITY IN X-ANEUPLOIDIES

Clinical & Experimental
Immunology

The Journal of Translational Immunology

, British Society for
immunolog¢p

| 321

. TRT-naive KS adults
18 TRT-treated KS adults
p=0.01
D Adult controls
p=0.04

3; 11/70
g -

-
= 9770

2
% 12 6/5:

2 6/54 \
’f‘. 9 NN

= N

|
=3
£ X
6

§ R

S W
& N

3 §\\ 2/70
1/50 NN 150 o 170
SST .0/54 0/50 . /54 0/50 0770 054 0/50 /54 0/50
>1Ab+ ANA Abs AMA Abs ASMA Abs DNA Abs ENA Abs

FIGURE 1 Frequency of non-organ-specific autoantibodies in TRT-naive and TRT-treated adult patients with 47,XXY Klinefelter’s syndrome
and age-matched controls. TRT, testosterone replacement therapy; ANA, anti-nuclear antibodies; AMA, anti-mitochondrial antibodies; ASMA,
anti-smooth muscle antibodies; dsSDNA, anti-double-stranded DNA; ENA, anti-extractable nuclear antigens

the frequency of organ-specific autoimmunity in the same
cohort of adult patients with 47,XXY KS and patients with
HGA, help in describing and more clearly understanding
the multiple pathways of humoral autoimmunity that occur
in these patients.

Overall, 14% of the adult patients with 47, XXY KS ana-
lyzed were positive for at least one of the non-organ-specific
autoantibodies investigated. This frequency was significantly
higher than that in the age-matched control group and was
comparable to those previously published for endocrine organ-
specific humoral autoimmunity by our research group [17,18].
The main immunoreactivity detected in patients with 47, XXY
KS was directed against anti-nuclear antigens. The disease that
is most closely linked to ANA positivity is SLE. Previous case
reports have documented the co-existence of KS and SLE [20];
however, only a few studies investigated the prevalence of KS
in a large population of patients with SLE [37,38]. Scofield
et al. demonstrated that the frequency of KS is increased 14-
fold in men with SLE compared with men without SLE [38].
In the same paper, they estimated that there was only one pa-
tient with SLE among every 960 men with KS. Similarly, KS
was found in excess among men with SS [39]. Harris et al.
demonstrated that the frequency of SS is increased 38-fold in
men with KS compared with men without SLE. Detection of
traditional serum autoantibodies for disease classification plays
a central role even in the diagnosis and classification of SS [40].
In our study, ANAs were found in 12.1% of patients with KS.
However, these autoantibodies are known to be highly frequent
in the general population, in both female and male individuals.
For this reason, as well as to avoid a possible relevant bias in
the study, we also analyzed other non-organ-specific autoan-
tibodies in the same cohort of adult controls. It has been well

documented that autoimmune diseases may occur years after
the presence of their associated autoantibodies. Thus, detection
of these autoantibodies may be used to predict the development
of these autoimmune diseases and/or their rate of progression
in healthy subjects [41]. Nevertheless, ANA positivity alone
in healthy individuals cannot be regarded as a real predictor
of developing connective tissue disease. A different consid-
eration must be performed for patients with KS because, as
recently underlined by Li et al., the predicting value of ANA
positivity increases with the presence of either one or more X-
chromosomes or with organ-specific autoimmunity [41]. Our
results demonstrate that the frequency of ANA positivity in
adult patients with 47,XXY KS was significantly higher than
that in the controls, thus differentiating ‘benign’ ANA positivity
in healthy individuals from that which puts patients with KS at
high risk of autoimmune diseases. To our knowledge, the pres-
ent study is the first to analyze the frequency of the main risk
serological biomarker of SLE and systemic autoimmune rheu-
matic diseases development in a large cohort of patients with
KS. To measure ANA, we used the widely used indirect im-
munofluorescence assay on HEp2 cells (HEp2-IFA), which has
long been viewed as the gold standard [42,43]. Interestingly,
large-scale controlled studies have demonstrated an increased
incidence of Hashimoto’s thyroiditis and Graves’ disease in pa-
tients with SLE compared with that in the general population
[44]. In our previous reports, all KS and HGA sera were inves-
tigated for TPO antibodies [17,18]. None of the ANA-positive
patients were positive for these autoantibodies. We extended
this evaluation to the anti-thyroglobulin antibodies and thyroid
hormones. Four of the ANA-positive X-chromosome aneuploid
patients were immunoreactive for this autoantigen (data not
shown) and none had hypothyroidism.
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Lower frequencies were found in adult patients with
47,XXY KS for AMA, ASMA and EN7A. By investigating
the role of anti-dsDNA autoantibodies in the progression of
SLE, Arbuckle et al. demonstrated that these autoantibodies
are typically produced alongside the characteristic clinical
exacerbation of the disease [45]. As Dillon et al. reported
that SLE among X-chromosome aneuploid patients is not as
severe as that in patients with 46,XY SLE [37], we decided
to screen all X-chromosome aneuploid patients regardless of
clinical examination to establish the real frequency of anti-
dsDNA autoantibodies. No immunoreactivity was detected
against dsDNA. Interestingly, the majority of adult patients
with 47, XXY KS showed immunoreactivity against just one
non-organ-specific autoantibody, whereas only two patients
were positive for two of the autoantibodies investigated.
Both these patients were positive for ANA and ENA. After
stratifying by therapy, the frequency of positivity for at least
one of the non-organ-specific autoantibodies investigated in
adult TRT-naive patients with 47,XXY KS was higher than
that in TRT-treated patients (11.1%). This interesting dif-
ference, which was not statistically significant, was proba-
bly due to the limited number of patients investigated. This
needs to be further investigated, as it may be related, at least
in part, to the immunosuppressive effects of TRT on humoral
immunoreactivity, as also hypothesized by Kocar et al. and
Olsen et al. [19,46]. The TRT treatment group started ther-
apy before being enrolled, thus making the comparison of
serum autoantibody titers before and after beginning TRT
impossible. Interestingly, only one of 124 patients with KS
was immunoreactive for both organ- and non-organ-specific
autoantibodies, whereas in the remaining patients no over-
lapping of the immunoreactivities was detected. This may
suggest that the two pathways of autoimmunity occur in-
dependently in patients with KS. Of note, none of patients
with HGA were positive for the systemic autoantibodies in-
vestigated. In our previous study, we found that almost 20%
of patients with HGA (a total of 16 patients: eight children,
eight adults) were positive for organ-specific autoimmunity
[18]. Despite the small number of patients investigated, due
essentially to the extremely low prevalence of these patients,
our novel result represents an important difference in respect
to organ-specific autoimmunity that deserves to be further
investigated. We recommend that future studies aim to evalu-
ate these preliminary interesting results in an increased num-
ber of patients with HGA. These results suggest a potentially
different pattern of autoimmunity in the rarest higher-grade
X-chromosome aneuploidy patients in comparison to the
47,XXY karyotype, as also hypothesized by Spaziani et al.
[7]. In this regard, KS and HGAs should be considered as two
distinct conditions.

To date, the 17 autoantibody-positive patients did not
show clinical or biochemical signs of the related systemic
autoimmune diseases. A possible aim of our future studies

includes the follow-up of all the autoantibody-positive pa-
tients to evaluate the potential development of the related
autoimmune diseases.

In conclusion, non-organ-specific humoral autoimmu-
nity is significantly present in adult patients with 47,XXY,
but not in patients with HGA. Because it is always clini-
cally difficult to precisely diagnose a systemic autoimmune
disease [22-24,31,33,35] and some autoimmune diseases,
such as SLE, are more severe in these patients than in 46,XY
men [37], the additional information from the presence of
non-organ-specific autoantibodies is important, as it may
strongly support the analysis of the clinical presentation
and physical examination of each patient. As reported in
the literature, the occurrence of these autoantibodies pre-
cedes the possible development and progression of most
autoimmune disorders [47,48], which suggests the impor-
tance of screening non-organ-specific autoimmunity in X-
chromosome aneuploidies in clinical practice to identify
patients at risk of developing non-organ-specific autoim-
mune diseases. It also shows the importance in monitoring
the pre-clinical and clinical phases of the disease to prevent
morbidity that is related to unrecognized or undiagnosed
disease. Therapeutic approaches may involve both pharma-
cological and non-pharmacological methods to normalize
the ratios of gonadal sex hormones that modulate the pro-
gression of autoimmune responses to quickly prevent irre-
versible immunomediated damage [49-53].

Furthermore, considering the results of our present
and previous studies [17,18], almost 25% of adult patients
with 47,XXY KS are observed as targets of autoimmu-
nity against a particular organ or systemic autoantigen.
Two major triggers may contribute to the development
of organ and non-organ-specific autoimmunity in KS
and patients with HGA: the long-term consequences
of hypergonadotropic hypogonadism and the direct X-
chromosome dosage. Sex hormones seem to play an
important role as modulators of the onset and/or perpetu-
ation of autoimmune disease with estrogens as enhancers
of autoimmunity and androgens and progesterone as im-
mune suppressors [8,9,11,54-57]. In KS, hypogonadism
is usually not evident during puberty, but as the patients
progress to adulthood hypogonadism tends to become
more prevalent [58]. Serum total T levels drop into the
low—normal range and an increase in estrogen levels may
similarly contribute to the development of autoimmunity
in women. Other studies have underlined the role of genes
on the X chromosome in triggering and maintaining the
autoimmune process [12,59-63]. Previous studies have
focused upon the parent-of-origin effects, DNA demeth-
ylation of genes on the silenced X chromosome and dif-
ferential expression of the versatile epigenetic regulator
O-linked N-acetylglucosamine transferase from the X
chromosome [12]. As described by Sawalha et al., the risk
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of development of SLE is related to a gene—dose effect
mediated by abnormal inactivation of genes on the X chro-
mosome, such as CD40L, or by genetic polymorphism, as
has been demonstrated for Xq28 [61]. Finally, Baldassarri
et al. recently suggested a role for polyQ polymorphism
of the androgen receptor (Xql2) as being involved in tes-
tosterone immune-modulation [64]. Furthermore, we sug-
gested in our previous study that the risk of organ-specific
autoimmunity progressively increases with the severity of
X-chromosome polisomy [18]. In contrast, our present
results describe a decrease of non-organ-specific auto-
immunity in HGA relative to patients with KS. It is also
important to underline that several other intrinsic and ex-
trinsic etiological factors, such as genetic predisposition
and environmental factors, may contribute to autoimmune
disease progression and pathogenesis. Further studies
should be undertaken to more clearly assess the multiple
mechanisms that lead to the development of both path-
ways of autoimmunity in X-chromosome aneuploidies.
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