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Letter to the Editor: Protein phosphatase 1 subunit Ppp1r15a/GADD34 is overexpressed in systemic
lupus erythematosus and related to the expression of type I interferon response genes
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Dear Editor,

With this letter we would like to highlight the key role of unfolded
protein response during the course of systemic lupus erythematosus and
the relation between endoplasmic reticulum stress and a type I inter-
feron response in lupus patients.

The endoplasmic reticulum (ER) is the subcellular compartment
where transmembrane and secreted proteins are synthesized. In phy-
siological or pathological situations, such as oxidative stress or viral
infections, the accumulation of misfolded proteins in the ER leads to the
activation of different intracellular signaling pathways known as un-
folded protein response (UPR) [1]. GADD34 (growth arrest and DNA
damage-inducible protein) is a regulatory subunit of PP1a phosphatase
induced by the PERK-mediated signaling pathway, which depho-
sphorylates the α subunit of the translation initiation factor eIF2 and
induces a negative feedback loop of UPR, allowing the recovery of
protein synthesis, essential for cell survival [2]. If ER homeostasis is not
restored, the UPR induces apoptosis via CHOP (C/EBP homologous
protein)-mediated pathway through the transcription of proapoptotic
genes [3]. The UPR is more than just an adaptive response to unfolded
protein accumulation in the ER. Indeed, UPR signaling pathways in-
tersect with innate and adaptive immune responses at many levels,
being involved in immunoglobulin synthesis, and in the differentiation
and survival of immune cells such as plasma cells and dendritic cells
[4,5]. The activation of UPR has been highlighted in several human
pathologies such as metabolic diseases [6], neurodegenerative diseases
[7], cancer [8], as well as in inflammatory and autoimmune diseases
[9,10]. Interestingly, GADD34 has been shown to be necessary for type
I IFN production in vitro by dendritic cells and fibroblasts exposed to
double-strand RNA and in vivo in a murine model in response to a viral
infection [11,12]. More recently, GADD34 expression has been shown
to be responsible for a biochemical cycle permitting pulses of IFN-β
synthesis in murine ds-RNA activated cells undergoing protein trans-
lation inhibition [13]. Furthermore, UPR activation has been described
as a danger signal alone, that could trigger inflammation directly or
indirectly, even independently of pathogens [14]. In this context,
GADD34 might be a key molecule in inflammatory process in human
pathologies as well, such as in autoimmune diseases and in particular in

systemic lupus erythematosus (SLE), in which proinflammatory cyto-
kines and especially IFNs have a pathogenic role.

We report a case-control study on GADD34 gene expression in
PBMC of patients (n=58) suffering from SLE satisfying the SLICC
(Systemic Lupus International Collaborating Clinics) [15] and age- and
sex-matched healthy controls (n=30). The level of GADD34 gene ex-
pression, as well as IFN-α, IFN-β and type-I IFN response genes in PBMC
was measured by quantitative PCR after reverse transcription reaction.

A descriptive analysis of SLE patients and healthy controls was
performed. The disease activity was evaluated according to Systemic
Lupus Erythematosus Disease Activity Index (SLEDAI) score. Lupus
activity has been classified in: “no activity” (SLEDAI= 0), “low ac-
tivity” (SLEDAI between 1 and 5), “mild activity” (SLEDAI between 6
and 10) and “high activity” (SLEDAI ≥11) [16]. Seventeen patients had
lupus with no activity (in remission), twenty-eight patients with a low
activity, nine patients with a mild activity, and one patient with a high
activity (for three patients not enough data were available to calculate
disease activity). Clinical manifestations were mainly articular (88%)
and cutaneous symptoms (82%). The presence of autoantibodies in the
serum of the patients was evaluated: antinuclear antibodies were pre-
sent in 83% of patients and anti-dsDNA antibodies in 46% of the pa-
tients. A comparative analysis of GADD34 expression level in PBMC of
SLE patients and healthy controls was carried out. GADD34 gene ex-
pression was found significantly higher in the SLE patient group than in
the control group (p-value< .0001) (Fig. 1). Considering the threshold
of a fold increase ≥2 compared with healthy controls, overexpression
of GADD34 was found in 30 among the SLE patients (prevalence of
52%); no overexpression of GADD34 was observed in PBMC of healthy
subjects. The expression of CHOP, which is also involved in the PERK-
mediated signaling pathway, has been analyzed. Interestingly, CHOP is
also overexpressed in the PBMC of SLE patients, and related to the
expression of GADD34 (Fisher's exact test, p < .001). The over-
expression of both GADD34 and CHOP in SLE patients strengthens the
evidence of the involvement of UPR and in particular of the signaling
pathway mediated by PERK in lupus patients. Nevertheless, the me-
chanism of the UPR activation in autoimmune diseases and in especially
in SLE, remain to be elucidated.

SLE is a chronic disease whose evolution is characterized by
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alternating periods of activity and remission. Therefore, the search for
new prognostic biomarkers is necessary to allow early and adapted
management of the disease flares. Considering the important variability
of the level of GADD34 expression and the heterogeneity of the activity
of the disease among patients, a follow-up of GADD34 expression and
clinical evolution of SLE patients during time are currently under eva-
luation in a more important cohort of patients (clinical trial
NCT02455089).

The involvement of type I IFN genes and type I IFN response genes
has been highlighted in the pathogenesis of lupus [17–20]. The ex-
pression of the following genes in the PBMC of our cohort of SLE pa-
tients has been analyzed: IFNα, IFNβ, ISG15, OAS1, MX1, IP10, IFI27,
IFIT3, IFI44 and IFIH1. OAS1, MX1 and IP10 genes were not over-
expressed in our cohort of patients, while IFNα, IFNβ, ISG15, IFI27,
IFIT3, IFI44 and IFIH1 were overexpressed in SLE patients. GADD34
has been shown to be necessary for the production of proinflammatory
cytokines such as IFN-β in vitro, as well as in vivo in a viral murine
model [11,12]. Interestingly, we found that GADD34 overexpression in
PBMC of patients with SLE is related to the overexpression of type I IFN
genes IFN-α and IFN-β and to type I IFN response genes ISG15 and
IFIH1 (Table 1). These results show a relation between GADD34 ex-
pression and a type I IFN response in lupus patients, providing an in-
sight of the importance of the link between ER stress signaling path-
ways and type I IFN signature in SLE, suggesting that GADD34 might be
a key molecule in inflammatory process in human pathologies as well.
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Fig. 1. Comparative analysis of GADD34 gene expression in SLE patients and the control group, Fisher's exact test, * p < .0001; GADD34 fold increase threshold ≥2
is represented.
Median values of GADD34 gene expression were: 1.01 [−1.23; 1.36] for controls and 1.84 [1.16; 5.25] for SLE patients. Statistical analyses were performed using
Mann-Whitney test, median [25th; 75th].

Table 1
GADD34 overexpression is related to type I IFN and type I IFN response genes.

GADD34 non-overexpressing SLE patients GADD34 overexpressing SLE patients p value

IFN-α (n=42) Overexpressed 7 23 =0.001
Non overexpressed 10 2

IFN-β (n=41) Overexpressed 6 19 0.0086
Non overexpressed 11 5

ISG15 (n=53) Overexpressed 9 31 <0.001 (1,14 10−5)
Non overexpressed 12 1

IFIH1 (n=42) Overexpressed 3 22 <0.001 (1,06 10−5)
Non overexpressed 14 3

Fisher's exact test.
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