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Background

* Role for type 1 interferon in SSc:
— Genetic studies: STAT4, IRF5

— present in cutaneous and peripheral-blood
mononuclear cells

— serum samples from patients show type |
interferon-inducing activity

* Plasmacytoid dendritic cells are the major
source of type | interferon

Rueda et al Hum Mol Gen 2009 Dieudé et al A&R 2009
York et al A&R 2007



Methods

* Proteome-wide analysis (SELDI-TOF) of
supernatant from plasmacytoid dendritic cells

e Validation of the results in 5 large cohorts of
patients with SSc.

 Comparison of the results with patients with
systemic lupus erythematosus, ankylosing
spondylitis, and hepatic fibrosis



Results

e CXCL4 is the predominant protein secreted by
plasmacytoid dendritic cells in SSc, both in
circulation and in skin

* CXCL4 levels correlated with skin and lung fibrosis
and with pulmonary arterial hypertension

* Among chemokines, only CXCL4 predicts the risk
and progression of SSc



Identification of CXCL4 as the Major Protein Product of Plasmacytoid Dendritic Cells in Systemic
Sclerosis.
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Increased Levels of Circulating CXCL4 in Systemic Sclerosis and the Association with Lung

Fibrosis and Pulmonary Arterial Hypertension.
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CXCL4, CCL2 and CXCL10 Levels Are Increased in The Circulation of
Systemic Sclerosis Patients and Only CXCL4 Correlates with Scleroderma Risk
Unassociated with Platelet Activation
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Experimental data

 |n vitro:

— CXCL4 and plasma induce the secretion of
endothelin 1 and down-regulation of the
transcription factor FLI1 (HDMECs, HUVECs)

— CXCL4 inhibits the effect of VEGF on the
proliferation of HDMECs

* |n vivo:

— subcutaneous administration of CXCL4 results in
inflammatory skin changes mimicking those in SSc



Conclusions

e CXCL4 levels in patients with SSc not only
correlate strongly with both skin and pulmonary
disease but also appear to predict progression in
SSc phenotypes.

* The identification of CXCL4 as a marker for
fibrosis and pulmonary arterial hypertension may
be helpful in early diagnosis and risk assessment,
an important factor in patients who require
aggressive treatment.
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* A striking feature is the temporal clustering of
scleroderma and cancer observed in patients
with autoantibodies to RNA polymerase Il
subunit (RPC1) but not in patients wit autoAb
to topoisomerase 1 or CENPB.



Possible scenarios

« A defective immune system responsible for the
autoimmune disease predisposes to neoplasia,

 The cytotoxic, mutagenic therapies used to treat SSc
patients with more fulminant disease leads to cancer;
patients with antibodies to RPC1 tend to have more
severe disease than those with other antibodies.

* Finally, the reverse scenario is possible: Cancer might
trigger scleroderma in patients with antibodies to RPC1



hypothesis

* Occasional cancers might harbor missense
mutations in the POLR3A gene.

* If the altered protein encoded by the mutant
POLR3A gene were recognized by the patient’s
immune system, an immune response against the
tumor could be generated.

* If crossreactive with the normal RPC1 protein,
this immune response could in turn injure
selected tissues, thereby inducing scleroderma.



Table 1. Selected clinical and genetic characteristics of the scleroderma patients evaluated in this study. NA, not applicable.

Scleroderma POLR3A

. duration at  Auto- Age at POLR,_H mutation Pﬂiﬂ?ﬂ POLRZA
Patient diagnosis of antibodies diagnosis Cancer type Cancer subtype Cancer  mutation (genomic mutation loss of
stage (% mutant - (amino acid heterozygosity
cancer to: of cancer alleles) posttion on change] (LOH)
lyears) chr. 10)
SCL-1 -0.2 RPC1 51 Breast cancer  Invasive ductal 1A NDt NA NA LOH
SCL-2 -0.1 RPC1 423 Lung cancer  Small cell carcinoma I or II* 26% 79414962C=G p.EL0720Q LOH
SCL-4 -0.4 RPC1 44 Ovarian cancer Adenocarcinoma nc 4.3% 79407320C=0  p.K1365N No LOH
SCL-13 0.3 RPC1 £1.1  Breast cancer Imvasive ductal B No mutation NA NA LOH
detected
SCL-35 -2 RPC1 50.9  Breast cancer Ductal carcinoma in situ 0 Mo mutation NA NA No LOH
detected
SCL-42 1.5 RPC1 475  Breast cancer Invasive ductal 1A 31% 79455393A=G  p.l104T LOH
SCL-81 —4.2 RPC1 54.6  Colorectal Adenocarcinoma i No mutation NA NA LOH
cancer detected
SCL-82 2.5 RPC1 511  Breast cancer Ductal carcinoma in situ 0 Mo mutation NA NA No LOH
detected
SCL-5 9.2 TOP1 74.6  Lung cancer  Adenocarcinoma IBE No mutation NA NA No LOH
detected
SCL-3 0.4 TOP1 £5.1  Breast cancer Infiltrating lobular A  MNo mutation NA NA No LOH
detected
5CL-11 13.4 TOP1 557 Breast cancer Infiltrating lobular NC  No mutation NA NA No LOH
detected
SCL-12 14 CENPB 68.6  Anal cancer Squamous cell carcinoma | No mutation NA NA Uninformativet
detected
SCL-19 34 TOP1 741  Breast cancer Ductal carcinoma in situ 0 Mo mutation NA NA No LOH
detected
SCL-24 369 CENPE 642 B cell Extranodal, mantle cell IV No mutation NA NA No LOH
lymphoma detected
SCL-32 —2.5 CENPB 43.1  Breast cancer Invasive ductal | No mutation NA NA Uninformativet
detected
SCL-35 15 TOP1 2.1  Breast cancer Imvasive ductal A No mutation NA NA No LOH
detected

*Patient records indicate only that the diseae was localizd.

relle nf the natiant

Mo mutation detected.

1 Uninformative” indicates that none of the evaluated SNPs were heterozygous in the normal



conclusion

6/8 tumors from SSc patients  with
autoantibodies to RPC1 harbored genetic
alterations affecting the POLR3A locus
compared to 0/8 tumors from SSc patients
without anti-RPC1 antibodies (P < 0.01)



Mutant and WT peptide-specific CD4+ T cells in patients SCL-4
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conclusions

e T cells reactive with the mutant forms of RPC1
could be identified in the peripheral blood.

These T cells did not simply cross-react with
the WT form.

e AutoAb are crossreactive

* Mutant POLR3A gene product acted as an

immunogen initiating the anti-RPC1 immune
response.



* The relatively low fraction of neoplastic cells with

genetic alterations in the cancers from some of
these patients suggests that immunoediting of
the cancer had occurred, with cells containing
these mutations selected against during tumor
growth.

* The emergence of cancer in RPC1-positive
scleroderma patients may thereby represent
escape of the tumor from immune pressure



e Cancers harboring POLR3A mutations have stimulated
scleroderma in most patients with the RPC1 form of
the disease.

* However, in the majority of these patients, the immune
response has eradicated the cancer by the time
scleroderma developed.

 The generation of an autoreactive immune response
alone may not be sufficient to generate the self-
sustaining tissue injury seen in scleroderma, and
additional factors (genetic, environmental, or target
tissue—specific) may be required.






