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Introduction: Psoriatic Arthritis (PsA) is a multifactorial disease, where the relative burden 
of genetic, epigenetic and environmental factors in clinical course and damage accrual is not 
yet definitively clarified. In clinical practice, there is a real need for useful candidate 
biomarkers in PsA diagnosis and disease progression, by exploring its underlying transcrip-
tomic and epigenomic mechanisms. This work aims to profile the transcriptome in mono-
zygotic (MZ) twins with psoriatic arthritis (PsA) highly concordant for clinical presentation, 
but discordant for the radiographic outcomes’ severity.
Methods: We describe i) the clinical case of two MZ twins; ii) their comparative gene 
expression profiling (HTA 2.0 Affymetrix) and iii) signal pathways and pathophysiological 
processes in which differentially expressed genes are involved (in silico analysis by the IPA 
software, QIAGEN).
Results: One hundred sixty-three transcripts and 36 coding genes (28 up and 8 down) were 
differentially expressed between twins, and in the brother with the most erosive form, the 
transcriptomic profiling highlights the overexpression of genes known to be involved in 
immunomodulatory processes and on a broad spectrum of PsA manifestations.
Discussion: Twins’ clinical cases are still a gold mine in medical research: twin brothers are 
ideal experimental models in estimating the relative importance of genetic versus nongenetic 
components as determinants of complex phenotypes, non-Mendelian and multifactorial 
diseases as PsA.
Keywords: psoriatic arthritis, gene expression profiling, diseases in twin, genetic, 
environment–gene interaction, joint erosions

Introduction
Psoriatic Arthritis (PsA) is a multifactorial disease, where the relative burden of 
genetic, epigenetic and environmental factors in clinical course and damage accrual 
is not yet definitively clarified. Moll and Wright were the first to demonstrate 
familial aggregation of PsA estimating the recurrence risk ratio in first degree 
relatives,1 even more epidemiological evidences demonstrate a strong genetic 
basis to PsA.2

Genetic factors are evident from the high prevalence (7.6%) of PsA among first- 
degree relatives of PsA probands; furthermore, an excessive paternal transmission 
in PsA has been described. Using the CASPAR criteria, the probandwise concor-
dance rates are approximately 11% and 5% in MZ and DZ twins, respectively.3–5 

However, the role of genes in PsA development is still elusive.
The study of monozygotic twins may represent a very useful tool to understand 

the effects caused by genetic predisposition, epigenetic and the environmental 
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factors in a disease, estimating the weight of these actors 
in determining the susceptibility and severity and to iden-
tify potential biomarkers in PsA.

Methods
Patients’ data regarding disease presentation and its clin-
ical and radiological course were collected from medical 
records updated at each follow-up visit. Patients provided 
informed consent and ethical approval was granted by the 
local NHS authority (PROMISES/AC/2018 Prot. PG/ 
2018/16313), in accordance with the 1964 Helsinki 
declaration.

The transcriptomic analysis was carried out using the 
mRNAs from whole blood (Qiagen RNA blood column 
kit) of the couple of MZ. Then, prior to the gene expression 
study, the RNA integrity and quality were checked out by 
Bioanalyzer (Agilent) and transcripts were analyzed by 
GeneChip Human Transcriptome Array 2.0 (HTA 2.0, 
Affymetrix); the full technical report is available in 
Supplementary Material. Transcripts differentially expressed 
between the two brothers were analyzed by the commercial 
software Partek Genomics Suite V 6.6, values are reported by 
a Fold Change cutoff ± 2.0 (further technical details and full 
transcripts’ list are available in Supplementary Data). Signal 
pathways and pathophysiological processes in which the 
abovementioned mRNAs are eventually involved, were in 
silico analyzed by the Ingenuity Pathway Analysis (IPA) 
software (QIAGEN Inc., https://www.qiagenbioinformatics. 
com/products/ingenuity-pathway-analysis).

Results
A pair of 47-year-old male MZ twins, A and B, affected by 
PsA according to 2006 CASPAR criteria, were studied. 
Twin A is a baker, while twin B is a surveyor, both were 
ex-smokers for about 30 years. None of the relevant was 
recorded in the past medical history while their family 
history revealed a paternal grandfather affected by cuta-
neous psoriasis.

Both patients presented the onset of their symptoms at 
the age of 17 years with symmetrical arthritis of ankles 
and knees. Furthermore, twin A experienced an episode of 
bilateral Achilles enthesitis and dactylitis of the 3rd finger 
of both hands, twin B presented arthritis of the left wrist: 
at that time, their general practitioner treated them with 
non-steroidal anti-inflammatory (NSAIDs) drugs only. 
Three years before being referred to our clinic, the two 
brothers were diagnosed with undifferentiated 

seronegative spondylarthritis and started treatment with 
Salazopyrine 2 gr/die and NSAIDs as needed.

When patients were firstly assessed in our tertiary 
Centre, they were 27 years old, the erythrocyte sedimenta-
tion rate (ESR) and C-reactive protein (CRP) levels were 
increased, rheumatoid factor and anti-citrullinated peptide 
antibodies (ACPA) were negative, family history was posi-
tive for psoriasis and HLA typing showed A03.11, B18- 
27, CW05.07, DRB1 03.16, DQB1 02.05. Standard X-ray 
of the pelvis showed bilateral subchondral sclerosis at the 
sacroiliac joints, predominantly on the iliac side, with 
irregular articular contours in both patients. Thus, both 
twins A and B were diagnosed with PsA sine psoriasis 
and treated with Etanercept 50mg/week in combination 
with Methotrexate.

Despite an overall good control of peripheral and axial 
symptoms, because of the occurrence of anterior uveitis at 
the age of 36 (twin A) and 37 years (twin B), both twins 
switched to Adalimumab, both achieving a persistent sta-
tus of minimal disease activity:6 tender joint count ≤1, 
swollen joint count ≤1, enthesitis count ≤1, patient global 
visual analogue score VAS ≤ 20 mm, patient pain VAS ≤  
15 mm and health assessment questionnaire (HAQ) ≤ 0.5) 
(for 10 years).

Hands and feet conventional radiography showed, in 
twin A, extensive and characteristic erosive and osteopro-
liferative alterations including typical pencil in cup 
lesions; tarsal and metatarsal joints of both feet were 
particularly involved (Figure 1A and b). In twin B, X-ray 
study showed less severe lesions, of note the erosive find-
ings in the first PIP of the left foot (Figure 1D and E). 
Sacroiliitis was detectable in both patients (Figure 1C 
and F).

The gene expression analysis, the object of the present 
study, was performed at the age of 47. Covering 285,000 
full-length transcripts (as well as non-coding transcripts, 
exon-exon junctions and over 245,000 coding sequences), 
the transcriptomic study highlighted a list of 163 tran-
scripts and 36 coding genes (28 up and 8 down) differen-
tially expressed in twin A versus B (FC ± 2.0). Looking for 
the physiopathologic role of coding transcripts by combin-
ing the bioinformatic analysis with the literature, we found 
that Differentially Expressed Genes (DEGs) list includes 
some coding genes involved in inflammatory and immu-
nity-related pathologies, such as CEACAM8, CEACAM1, 
CLEC4D, IGK. Again, other DEGs in the brother A are 
related to the extracellular matrix system and ossification 
and therefore associated with pathologies affecting the 
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joints, musculoskeletal and connective tissue, such as 
FMOD, DMD, MMP8; finally, genes that usually support 
cardiovascular and metabolic manifestations: ROR1, 
INPP5F, ACSM3, TTN and IGK (Table 1 List of selected 
coding DEGs between A and B twins).

Using IPA software, we examined the relationship 
between these DEGs to determine the most significant 
canonical pathways, diseases, and biological functions 
covered by these transcripts. The canonical pathways 
map representing from the top of the overrepresented net-
work was made revealing shared biology among the iden-
tified genes (Figure 2 Overlapping Canonical Pathways 
map generated by IPA).

The top pathways enriched for DEGs included 
Myo-inositol Biosynthesis, Airway Pathology, 
Asthma, B Cell Receptor Signaling as shown in 
Figure 2. Between the top 5 diseases and biological 
functions, Cardiovascular, Hereditary, Skeletal and 
Muscular disorders, Inflammatory Response are 
included. Also, IPA identified significant networks 
associated with DEGs in twins A and B. Their asso-
ciated functions were: cellular function and mainte-
nance, cell death and survival, gastrointestinal 
disease, hereditary disorder, DNA replication and 
repair, and others represented on the picture in 
Supplementary Data.

Figure 1 Radiographic findings in twin A and twin B. Characteristic erosive and osteoproliferative alterations including typical pencil in cup lesions are evident; tarsal and 
metatarsal joints of both feet were involved in twin A (A and B). In twin B (D and E) X-ray show less severe lesions, of note the erosive findings in the first PIP of the left 
foot (E). Sacroiliitis was detectable in both patients (C and F).
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Discussion
As first described by Moll and Wright in 1973, PsA can 
be divided into different clinical subsets and patients may 
demonstrate transitions between these subsets throughout 
the course of the disease. Furthermore, PsA has been 
associated with various comorbidities, including cardio-
vascular disease, metabolic syndrome, cancer and depres-
sion; thus, interventions that beneficially impact disease 
may also significantly affect morbidity and mortality.7

Monozygotic twins arise from a single cell and there-
fore share almost all their DNA sequence. However, the 
reason why the concordance rate of the autoimmune dis-
eases in monozygotic twins is considerably below 100% 
is still unknown.8

With the emergence of epigenetics, researchers have 
begun to consider it as a critical contributing factor to 
discordant phenotypes. Notably, the environment plays 
a role in determining an individual’s phenotype, and the 

link between environment and genetics is mediated 
through epigenetic mechanisms.9–11

Considering the low concordance rate in twins already 
reported in the literature,4,5 here we report the case of 
extremely clinically concordant MZ twins which lived in 
a similar environment, showing a similar clinical course 
but different in terms of radiographic outcomes’ severity. 
This could be a situation in which not only the genetic 
components contribute to disease onset and course but also 
the environmental factors, eg intended as mechanical 
stress, perhaps played a role on the articular effort, evol-
ving in a different severity outcome.

As reported in Table 1, the molecular profiling high-
lights in the twin A the overexpression of genes strictly 
related to inflammation and immunomodulatory processes. 
So, even with an almost identical genetic background and 
an outstanding parallel clinical course, in this clinical case, 
the erosive burden in PsA outcome is phenotypically 

Table 1 List of Selected Coding Differentially Expressed Genes Between A and B Twins. Coding DEGs with a Relevant 
Physiopathologic Role Were Extrapolated from the Comparative Gene Expression Analysis (Fold Change Cutoff ± 2.0; Total 
DEGs= 163, of Which Coding DEGs= 36), by Combining the IPA Bioinformatic Analysis with the Literature (Input: Function/ 
Disease Search)

Gene 
Symbol

Full Name Functions/Association to Diseases FC A vs B (Cutoff 
± 2.0)

Refs

ACSM3 acyl-CoA synthetase medium-chain family 

member 3

Metabolic pathways and biosynthetic processes/ 

hypertension

2.0 17,18

CEACAM1 Antigen-related cell adhesion molecule 1 Immunomodulatory processes/rheumatic 

disease

2.2 19

CEACAM8 Carcinoembryonic antigen-related cell 

adhesion molecule 8

Inflammation/rheumatic disease 2.0 20,21

CLEC4D C-type lectin domain family 4, member D Inflammation/immune response/rheumatic 

disease

2.2 22

DMD Dystrophin Cardiomyopathy/skeletal muscle tissue 

development

3.3 23

FMOD Fibromodulin Inflammatory response/regulate TGF-beta 

activities

3.6 24–26

IGKC Immunoglobulin kappa constant Inflammation/Amyloidosis/autoimmune disease 2.2 27

INPP5F Inositol polyphosphate-5-phosphatase F Carbohydrate and lipid metabolism/Cardiac 

response to stress

2.1 28,29

MMP8 Matrix metallopeptidase 8 (neutrophil 

collagenase)

Inflammation/ossification/rheumatic disease 2.2 14,15

ROR1 Receptor tyrosine kinase-like orphan 

receptor 1

Inflammatory and immune response/Wnt- 

pathway

2.4 12,13,30,31

TTN Titin/Connectin Cardiomyopathies/muscular dystrophy 2.0 32
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varied between brothers, and it could depend on dysregu-
lation of key genes as ROR1 and MMP8.

ROR1, a ROR2 closely related receptor, modulates 
some signaling pathways including the Hippo pathway. 
In particular, targets of the ROR-YAP cascade include 
WNT5A and connective tissue growth factor (CTGF).12 

Notably, excessive activation of WNT/β-Catenin signaling 
promotes a form of terminal differentiation called chon-
drocyte hypertrophy,13 and during skeletal development, 
chondrocyte hypertrophy precedes cartilage calcification 
and ultimately its replacement by bone.

One characteristic feature of the cartilage degeneration 
is the breakdown of the extracellular matrix by different 
matrix metalloproteinases (MMPs). The type I, II, and III 
collagen-breaking MMP-8 seems to play some role in 
Osteoarthritis14 and the expression of MMP-8 is signifi-
cantly increased in the joints of mice that have collagen- 
induced arthritis compared to healthy mice.15

Although the molecular data here described originate from 
a single pair of twins on chronic anti-TNFα treatment, which 
may represent a limitation and therefore needs further valida-
tions, nevertheless it is of note this clinical case of MZ twins 

Figure 2 Overlapping Canonical Pathways map generated by Ingenuity Pathway Analysis. A pathway network was generated representing from the top of overrepresented 
pathways determined by IPA, to reveal shared biology among the identified candidate genes. Notes: edge-connected canonical pathways share one or more genes in 
common. Nodes represent pathways and bright red represents more significant canonical pathways in the gene set. The canonical pathways map was generated by 
QIAGEN’s Ingenuity Pathway Analysis (QIAGEN Inc., https://www.qiagenbioinformatics.com/products/ingenuity-pathway-analysis).
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surprisingly concordant for PsA onset and long-term course. 
In the brother (A) with the most erosive form, the molecular 
profiling highlights the overexpression of genes strictly related 
to inflammation and immunomodulatory processes but also 
associates with PsA comorbidities, such as cardiovascular and 
metabolic.16 Moreover, the presence of one disease (arthritis) 
within another (psoriasis, cardiovascular, metabolic, gastroin-
testinal) and relative severity degree may modify the molecu-
lar and clinical expression of either condition.

The present study confirms that even with an almost 
identical genetic background and an outstanding parallel 
clinical course, the erosive burden in PsA outcome may 
vary and could depend on a complex multi-hit model of 
disease, where a genetically predisposed individual 
encounters several environmental exposures (microbial, 
diet, alcohol, smoking, exercise and job) over a lifetime, 
which modulate the disease course.
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