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 OBJECTIVE: To analyze the relationship between the 
type I interferon (IFN) signature and clinical response to 
rituximab in rheumatoid arthritis (RA) patients.

 METHODS: Twenty RA patients were treated with ritux-
imab (cohort 1). Clinical response was defined as decrease 
in disease activity score evaluated in 28 joints (DAS28) and 
according to EULAR response criteria at week 12 and 24. In 
peripheral blood mononuclear cells the presence of an IFN 
signature was analyzed measuring the expression levels of 
three interferon response genes by quantitative PCR. After 
comparison with healthy controls, patients were qualified as 
IFN high or IFN low. The data were confirmed in a second 
independent cohort (n = 31). Serum IFNα bioactivity was 
analyzed using a reporter assay.

 RESULTS: In cohort 1, there was a better clinical re-
sponse to rituximab in the IFN low group. Consistent with 
this finding, IFN low patients had a significantly stronger 
reduction in DAS28 and more often achieved a EULAR 
response at week 12 and 24 compared to IFN high patients 
in cohort 2. The pooled data showed a significantly greater 
reduction in DAS28 in IFN low patients at week 12 and 24 
compared to the IFN high group and more often a EULAR 
response at week 12. Accordingly, serum IFNα bioactivity at 
baseline was inversely associated with the clinical response, 
although this result did not reach statistical significance.

 CONCLUSION: The type I IFN signature negatively 
predicts the clinical response to rituximab treatment in RA, 
supporting the notion that IFN signalling plays a role in RA 
immunopathology.

Type I interferons (IFNs) are cytokines that regulate antiviral immune re-
sponses 1. Surprisingly, among a range of auto-antibody associated auto-im-
mune conditions a proportion of patients display a dominant type I inter-
feron (IFN) signature in their peripheral blood mononuclear cells (PBMCs). 
These diseases include rheumatoid arthritis (RA), systemic lupus erythema-
tosus (SLE), dermatomyositis, Sjögren’s syndrome, systemic sclerosis and 
multiple sclerosis 2-7. In several small cohorts of patients with these conditions 
the presence of a type I IFN signature was associated with the presence and 
the titer of auto-antibodies 2-5;7. It has therefore been hypothesized that pa-
tients with a type I IFN signature suffer from a pathogenetic subset in which 
type I IFN stimulating auto-antigens enhance the humoral immune response.

Rituximab has shown clinical efficacy in many of these conditions 8;9. Most of 
the evidence has been gathered in RA 10;11. However, rituximab does not in-
duce a clinical response in all patients and does not decrease the level of all 
autoantibodies. Type I interferons have been associated with enhancement 
of B cell survival, since they stimulate B cell survival directly and through the 
production of BlyS and APRIL. Therefore, we hypothesized that patients with 
a type I interferon signature respond less well to rituximab treatment. We 
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 PATIENTS AND TREATMENT PROTOCOL. Patients were 
included from 2 cohorts of RA patients that were 
reported previously 12;13. Patients had active RA 
(Disease Activity Score evaluated in 28 joints 
(DAS28) ≥ 3.2) 14 despite methotrexate treatment. 
The study protocol was approved by the Ethics 
Committee of the participating centers (cohort 1: 
UMCU, cohort 2: AMC); all patients gave writ-
ten informed consent. Patients were treated with 
2 infusions of 1000 mg rituximab (day 1 and 15). 
Pre-medication with methylprednisolone was 
omitted in the AMC cohort [cohort 2], as previ-
ously described 12. In both cohorts the DAS28-
ESR was used to evaluate disease activity. The 
clinical response was defined by the decrease in 
DAS28 at week 24 compared to baseline. Paired 
serum and PBMC samples were collected at 
baseline.

 BLOOD SAMPLING FOR RNA ISOLATION. Blood was 
drawn in heparin tubes. PBMCs were isolated 
using a Ficoll gradient and subsequently stored 
at liquid nitrogen until RNA isolation. RNA isola-
tion was performed using the RNeasy mini kit 
#74106 and QIAcube #9001293 (Qiagen, Venlo, 
the Netherlands). A DNAse digestion step was 
included in the protocol to remove genomic DNA. 
RNA concentrations were determined using 
NanoDrop spectrophotometer (Thermo Scien-
tific, Wilmington, MA).

 REALTIME PCR. RNA (0.5 μg) was reverse 
transcribed into cDNA using a Revertaid H-

minus cDNA synthesis kit (MBI Fermentas, St. 
Leon-Rot, Germany) according to the manu-
facturers’ instructions. Quantitative realtime 
PCR (qPCR) was performed using an ABI Prism 
7900HT Sequence detection system (Applied Bio-
systems, Foster City, CA) using SybrGreen (Ap-
plied Biosystems). Relative expression of OAS1, 
ISG15 and Mx1 was normalized to 18SRNA ex-
pression. To calculate arbitrary values of mRNA 
levels and to correct for differences in primer 
efficiencies a standard curve was constructed. An 
IFN score was calculated by adding the relative 
expression values for the three IFN-inducible 
genes. We defined which patients showed an 
increased IFN response gene expression, by cal-
culating the 95% limits of the healthy controls; 
normal values were defined as the mean expres-
sion of the 3 IFN-response genes, plus 1.96 times 
the standard deviation).

 REPORTER CELL ASSAY FOR TYPE I IFN. The reporter 
cell assay for type I IFN has been described in 
detail elsewhere 15,16. In this assay, reporter cells 
were used to measure the ability of patient sera 
to induce IFN-induced gene expression. The 
reporter cells (WISH cells, no. CCL-25; American 
Type Culture Collection) were cultured with 50% 
patient sera for 6 h and then lysed. cDNA was 
made from total cellular mRNA and gene expres-
sion levels were then quantified using qPCR. 
Forward and reverse primers for the genes MX-1 
(myxovirus resistance 1), PKR (dsRNA-activated 
protein kinase), and IFIT-1 (IFN-induced protein 

with tetratricopeptide 1), which are known to be 
highly and specifically induced by IFNα, were 
used in the reaction and relative expression 
determined in comparison to a housekeeping 
gene control (HPRT1). The type I IFN activity 
was calculated by determining the mean and 
standard deviation of the relative expression of 
each of the three genes in a population of healthy 
individuals, determining the number of standard 
deviations above the mean of healthy donors for 
each of the three genes for each patient sample, 
and determining the sum of those three standard 
deviation values.

 SERUM ELISAS. Serum levels of IgM-rheu-
matoid factor (RF) and anti-cyclic citrullinated 
peptide antibodies (ACPA; anti-CCP2 ELISA, 
Immunoscan RA, Mark 2, Euro Diagnostica, 
Arnhem, the Netherlands) were determined at 
baseline and weeks 4, 16, 24 and 36 after treat-
ment. Baseline serum BAFF and APRIL levels 
were measured by ELISA (R&D and Bender).
 STATISTICAL ANALYSIS. The Student’s t test and 
Mann–Whitney U test were used where appro-
priate for comparison of baseline data between 
the two cohorts and IFN high and IFN low 
patients. Linear and logistic regression analy-
sis was used where appropriate for prediction 
analyses. The Wilcoxon signed rank test for 
paired data was used to analyze the decrease in 
auto-antibodies.

tested this hypothesis in 2 independent cohorts of RA patients commencing 
rituximab treatment.

PATIENTS AND METHODS
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the IFN signature and the relative 
decrease in DAS28 after rituximab 
yielded similar results (Figure, panel 
D-F). Using multivariate regression 
analysis in a forward model, we found 
that the IFN signature remained a 
predictor of the decrease in DAS28 to 
rituximab treatment, even when cor-
recting for SJC at baseline (R2 = 0.16, 
P = 0.003 and R2 = 0.09, P = 0.029 
at week 12 and 24, respectively). 
Consistent with these findings, serum 
IFNα bioactivity negatively predicted 
the decrease in DAS28, which did 
not reach statistical significance (P = 
0.06, R2 = 0.12 at week 12; P = 0.11, R2 
= 0.09 at week 24) and the achieve-
ment of a EULAR response at week 12 
(P = 0.055, R2 = 0.20 at week 12 and P 
= 0.24, R2 = 0.07 at week 24). 
Since type I interferons have been 
associated with enhancement of B cell 
survival in the tissues, we explored 
whether the IFN high signature 
might be associated with persistence 
of circulating autoantibodies. The 
levels of IgM-RF and ACPA decreased 
significantly in both IFN low and 
IFN high patients, but the reduction 
of both IgM-RF and ACPA appeared 
indeed more pronounced in the IFN 
low group. In IFN high patients the 
IgM-RF titer (n = 19) decreased 
from (median [IQR]) 95 (31-248) to 
46 (13 – 103) kU/ liter (P = 0.002) 
and the IgG-anti-CCP titer (n = 20) 
decreased from 490 (15 - 1700) to 434 
(87 –1393) kU/ liter (P = 0.004). In 
IFN low patients the IgM-RF titer (n 
= 16) decreased from (median [IQR]) 
151 (48-771) to 53 (25 – 118) kU/ liter 
(P = 0.013) and the IgG-anti-CCP 
titer (n = 17) decreased from 618 (143 
- 788) to 270 (63 – 396) kU/ liter (P 
= 0.026).

As a primary endpoint for analysis 
we used the clinical response at week 
24 as measured by the decrease in 
DAS28 and EULAR response criteria. 
To gain more understanding about 
the dynamics of the clinical response 
we also analysed the clinical response 
at week 12. 

First, we performed an exploratory 
analysis in the test cohort, cohort 1. 
Six of the 20 (30%) patients had an 
IFN high signature. The decrease 
in DAS28 after 12 and 24 weeks 
was markedly lower in the IFN high 
group compared to the IFN low 
group, although the difference did 
not reach statistical significance, 
possibly due to the relatively small 
number of patients (mean ± SD: 
-0.52 ± 0.75 compared to -1.49 ± 
1.04; P = 0.056, R2 = 0.19 at week 12 
and -0.67 ± 0.9 compared to -1.70 
± 1.60; P = 0.15, R2 = 0.11 at week 
24, using linear regression analysis 
[Figure, panel A]). When analyzing 
the EULAR response, less IFN high 
patients tended to achieve a EULAR 
response at week 12 compared to 
IFN low patients (2 out of 6 versus 
10 out of 14; P = 0.13, R2 = 0.16 using 
logistic regression analysis) but dif-
ferences were less clear cut at week 
24 (3 out of 6 versus 8 out of 14; P = 
0.77, R2 = 0.01).
Next, we tested the relationship 
between IFN signature and clinical 
response to rituximab in a larger, 

THE TYPE I IFN SIGNA-
TURE IN PBMCS PRE-
DICTS THE CLINICAL 
RESPONSE TO RITUX-
IMAB TREATMENT.

independent cohort, which served as 
validation cohort (cohort 2). Eighteen 
of 31 patients (58%) had a type I IFN 
high signature at baseline. Consis-
tent with the results in cohort 1, the 
decrease in DAS28 12 and 24 weeks 
after initiation of rituximab treat-
ment was lower in IFN high patients 
compared to the IFN low group (-0.77 
± 0.83 compared to -1.67 ± 0.92; P 
= 0.008, R2 = 0.22 at week 12 and 
-0.98 ± 1.60 compared to -2.30 ± 
1.30; R2 = 0.16; P = 0.027 at week 24 
[Figure, panel B]). When analysing 
the EULAR response, less IFN high 
patients achieved a EULAR response 
compared to IFN low patients (7 out 
of 18 versus 10 out of 13; P = 0.043, 
R2 = 0.18 at week 12 and 9 out of 18 
versus 11 out of 13; P = 0.059, R2 = 
0.17 at week 24).

Subsequently, because we observed a 
comparable pattern in both cohorts, 
we pooled the data for univariate re-
gression analysis. Using this approach 
in 51 patients, the IFN signature was 
a significant predictor of the decrease 
in DAS28 after rituximab treatment 
(0.71 ± 0.8 for IFN high versus 1.6 ± 
0.97 for IFN low; R2 = 0.20; P = 0.001 
at week 12 and 0.90 ± 1.48 for IFN 
high versus 1.96 ± 1.43 for IFN low R2 
= 0.12; P = 0.012 at week 24 [Figure, 
panel C]). Fewer IFN high patients 
achieved a EULAR response at week 
12 compared to IFN low patients (9 
out of 24 versus 20 out of 27; R2 = 
0.17; P = 0.01), but at week 24 this  
relationship did not reach statistical 
significance (EULAR response in 12 
out of 24 versus 19 out of 27, respec-
tively; R2 = 0.06, P = 0.14).

Analysis of the relationship between 
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Cohort 1 and 2 consisted of 20 and 31 
patients, respectively. The demo-
graphic and clinical features of both 
cohorts are shown in Table 1. The two 
cohorts were comparable, except for 
concomitant use of methotrexate.

Differences in baseline characteris-
tics between IFN high and IFN low 
patients are shown in Table 2. The 
DAS28 did not differ between IFN 
high and IFN low patients, but the 
swollen joint count was lower in the 
IFN high compared to the IFN low 
group in both cohorts, with trends 
toward higher acute phase reactant 
levels in the IFN low groups. As 
expected, IFNα bioactivity in serum 
tended to be higher in IFN high pa-
tients. There was no statistically sig-
nificant difference in the presence or 
serum level of IgM-RF, ACPA, BLyS, 
or APRIL between IFN high versus 
IFN low patients, although there was 
a trend toward lower APRIL levels in 
IFN high patients.

CLINICAL 
CHARACTERISTICS.

RELATIONSHIP BE-
TWEEN TYPE I IFN SIG-
NATURE AND BASELINE 
CLINICAL AND INFLAM-
MATORY CHARACTERIS-
TICS.

Results
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Comparison of clinical and biological characteristics between IFN high and IFN low patients.

* IFN = interferon; IqR = interquartile range; IgM-RF = IgM rheumatoid factor; SD = standard deviation; ACPA =
anti-citrullinated protein antibodies; DAS28 = Disease Activity Score 28-joint assessment; VAS = visual analogue
scale; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein, BLyS = B Lymphocyte Stimulator; APRIL =
A Proliferation Induced Ligand.

TABLE  
No.2

Comparison of patient characteristics between the two cohorts.

DEMOGRAPHICS (N=5�)     AMC (N=��)  UMC (N=�0)  P

Female, no. (%)     24 (77)  12 (60)  0.187
Age, median (range) years    54(28-72)  59(32-70)  0.354

BASELINE DISEASE STATUS    
IgM-RF positive, no. (%)    26 (84)  17 (85)  0.915
ACPA positive, no. (%)    28 (90)  15 (75)  0.177
DAS28, mean (± SD)    6.4 ± 1.1  6.4 ± 1.1  0.985
ESR, median (range) mm/hour   37 (4-86)   46 (7-124) 0.189
CRP, median (range) mg/dl    20(2-112)  26(7-110)  0.839
Disease duration, median (range) years   12(1-50)  13(3-50)  0.429
Symptomatic secondary Sjögren’s syndrome (%)  3 (10)  2 (10)  0.99

MEDICATION   
Concomitant  methotrexate, no. (%)   31 (100)  11 (55)  <0.001
Concomitant methotrexate dosage, median. (range) 15 (5-30)  10 (0-30)  0.131
Concomitant oral prednisone, no. (%)   20 (65)  13 (65)  0.838
Concomitant oral prednisone dosage, median (range) 5 (5-10)   5 (5-15)  0.838

* IgM-RF = IgM rheumatoid factor; SD = standard deviation; ACPA = anti-citrullinated peptide antibodies; 
DAS28 = Disease Activity Score 28-joint assessment; ESR = erythrocyte sedimentation rate; CRP = C-reactive 
protein.

TABLE  
No.1
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 In this study we found that patients 
with a type I IFN signature in PBMCs respond 
less well to rituximab treatment than patients 
without an IFN signature. A possible confounder 
in this study could have been the lower baseline 
disease activity, as measured by the swollen joint 
count, in IFN high patients. However, we found 
that the IFN signature also predicted the decrease 
in DAS28 when we controlled for the swollen 
joint count in a multivariate regression model. 
We found a more pronounced difference in the 
clinical response between IFN low and IFN high 
patients at week 12 compared to week 24 after 
rituximab treatment. This may be caused by the 
relatively small size of the patient cohorts. Alter-
natively, IFN high patients may respond more 
slowly to rituximab than IFN low patients. 

 The data presented here suggest that the 
type I IFN signature is not just an epiphenome-
non in RA, but might be involved in its pathogen-
esis. RA is traditionally viewed as  a TNFα driven 
disease. This concept is amongst others based on 
the effectiveness of TNFα blocking agents in RA 
and results from genetic studies in which an as-
sociation was found between TNFα related genes 
and ACPA positive RA versus type I IFN related 
genes and ACPA negative RA 17-19. According to 
this model ACPA positive RA is predominantly 
driven by TNFα, based on vitro observations that 
TNFα downmodulates the effects of type I IFNs 
and vice versa. However, the results from the 
current study, together with other observations, 
contradict this model. 

 First, in a recent genome wide associa-
tion study both single nucleotide polymorphisms 
in TNF related genes and IFN related genes were 

associated with autoantibody positive RA 20. Fur-
thermore, TNFα, IFNα and IFNβ are simultane-
ously expressed in RA synovial tissue. In line with 
these data we found that plasma TNFα levels were 
at least equal in IFN high compared to IFN low 
patients (data not shown). Taken together, these 
data suggest that the presence of TNFα and type 
I IFNs is not mutually exclusive. Instead of the 
single-cytokine based paradigm the data support 
a concept of multiple immune mechanisms that 
act simultaneously in RA. 

 In contrast to our hypothesis, we could 
not find a direct relationship between the  re-
sponse to rituximab, the IFN signature, increased 
levels of APRIL and BlyS and persistence of 
autoantibodies. This is supported by available 
data in the literature, which suggest a complex 
contribution of type I IFNs to RA pathogenesis 
and response to therapy. The production of type 
I IFN is not only stimulated by viruses, but also 
by apoptotic/necrotic material, RNA binding 
proteins, osteopontin and autoantigen-contain-
ing immune complexes 17,21-26. Furthermore, gene 
polymorphisms may contribute to excessive IFN 
signalling to subphysiologic activating stimuli 27. 
Subsequently, type I IFNs may not only stimulate 
the production of APRIL and BlyS and directly 
enhance B cell survival but also stimulate T cells 
and dendritic cells 17;26. At the same time, IFNβ is 
able to reduce the secretion of pro-inflammatory 
cytokines like IL-6, matrix metalloproteinases 
(MMPs), and prostaglandin E2 by fibroblast-like 
synoviocytes. In addition, IFNβ has anti-angio-
genic properties and may inhibit osteoclastogen-
esis 28,29. 

DISCUSSION

FIGURE. Difference in decrease in DAS28 after treatment between IFN high and IFN low patients. The difference in 
absolute and relative decrease in DAS28 after treatment between IFN high and IFN low patients was compared 
using linear regression analysis. Both in cohort 1 (A,D [n=20]) and cohort 2 (B,E [n=31]) patients with an IFN 
high signature showed a smaller decrease in DAS28 at week 12 and 24 compared with patients with an IFN low 
signature. Analysis of pooled data yielded similar results (C,F). Mean values and standard deviation are shown. 
ns = not significant, † P <0.10, * P <0.05, ** P < 0.01.

FIGURE  
No.1

A

C

E

B

D

F
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 The relationship between the type I IFN 
signature and the humoral autoimmune response 
in RA was analyzed in a number of previous stud-
ies. In a first study the type I IFN signature was 
found in a subset of RA patients and correlated 
with autoantibody levels, similar to findings in 
other autoantibody associated diseases 2-5,7. Also, 
the type I IFN signature was identified in a subset 
of autoantibody positive arthralgia patients 
who later developed RA 30. A direct relationship 
between the IFN signature and autoantibody 
responses in RA could not be confirmed in a 
subsequent investigation in a larger cohort, in 
whom the IFN signature was found to occur 
equally often in seropositive and seronegative RA 
patients 31. However, the presence of an IFN sig-
nature was associated with persistence of ACPA 
after TNF blockade 31. Taken together with the as-
sociation between polymorphisms in IFN-related 
genes and both seropositive and seronegative RA, 
the current and previous data suggest that IFN 
related autoimmunity does not directly determine 
humoral autoimmunity in RA, but may promote 
and sustain humoral autoimmune responses in 
seropositive patients. 

 In RA the level of type I IFN bioactivity 
has been associated with the clinical response to 
TNFα blockade, although these results need to be 
replicated since they have been variable for differ-
ent cohorts 31-3. Pilot data from an RA patient co-
hort treated with TNF antagonists suggested that 
relatively high plasma levels of type I IFN activity 
prior to initiation of therapy were associated with 
better clinical response than those agents that 
lower plasma type I IFN activity 33. Patients with 
high type I IFN activity may respond better to 
TNF blockade because of the anti-inflammatory 
effects of their disease-associated high IFNβ lev-
els. Alternatively, patients with an IFN signature 
may have an overall higher inflammatory activity 
than IFN low patients and may respond better to 
TNF blockade because of higher TNFα activity. 
This is in line with the earlier finding that patients 
with higher levels of synovial inflammation and 

synovial TNFα expression respond better to TNF 
blockade 34-5. The concept of a lower inflammatory 
activity in IFN low patients is supported by the 
fact that IFN low patients do not show an alterna-
tive gene activation signature in their PBMCs, 
but have a gene signature comparable to healthy 
controls 3.

 How can we explain the finding that 
patients with an IFN high signature respond less 
well to rituximab? First, IFN high patients could 
have a disease that is less B cell-dependent. This 
appears unlikely, since all patients in our study 
were RF and/or ACPA positive. Furthermore, cur-
rent evidence suggests non-response to rituximab 
is associated with persistence of B cells 36-7. Con-
ceivably, higher inflammatory activity in IFN high 
patients may relatively protect B cells against the 
depleting effects of rituximab. Although we found 
similar systemic levels of BLyS and APRIL in IFN 
high and IFN low patients, type I IFNs may pro-
mote survival of pathogenic  B cells in lymphoid 
tissue 38-9 or bone marrow 40-2. This might involve 
contact-dependent interactions with T cells, 
dendritic cells and stromal cells and  membrane-
bound survival factors like CXCL12, VCAM, mem-
brane-bound BLyS or heparan-sulphate bound 
APRIL 43. With regard to the clinical response to 
rituximab, although BLyS and APRIL are thought 
to rescue B cells from B cell depletion, systemic 
levels of BLyS and APRIL do not predict clinical 
response to rituximab. Nonetheless, the reason 
for the decreased clinical response to rituximab in 
IFN high patients remains speculative until more 
data become available.

 The decreased clinical response to ritux-
imab in IFN high RA patients seemingly contra-
dicts the clinical responsiveness of IFN-associated 
diseases to rituximab. However, the presence of 
high type I IFN activity does not necessarily imply 
that these patients will respond better to ritux-
imab treatment. In contrast, recent randomized 
controlled trials failed to show clinical efficacy 
of rituximab in patients with lupus nephritis 

and patients with non-nephritis lupus, although 
the  explanation for the negative findings is still 
a subject of controversy 44. Our data suggest that 
rituximab might be less effective in SLE because 
of the higher systemic type I IFN levels in SLE 
patients.

 RA is a heterogeneous condition with 
a heterogeneous response to therapy. It would 
be important to identify biomarkers that may be 
used to predict the response to targeted treat-
ment. The presence of solely the IFN signature 
would obviously not allow treatment decisions 
with regard to initiation of rituximab therapy. In 
general, the combination of multiple (clinical and 
biological) markers bears the most promise for 
meeting the needs of useful predictors of response 
to treatment. Our data support the evaluation of 
the IFN signature in future studies assessing the 
validity of combinations of markers in relation-
ship to the response to rituximab treatment.

In conclusion, this study is the first to show a rela-
tionship between the IFN high signature and the 
clinical response to rituximab through an as yet 
undefined mechanism. 
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