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The Rheumatoid Arthritis Gene Expression Signature  
Among Women Who Improve or Worsen During Pregnancy:  
A Pilot Study
Amogh Pathi1, Matthew Wright1, Mette Kiel Smed2, J. Lee Nelson3, Jørn Olsen4,  
Merete Lund Hetland5, Vibeke Zoffmann6, and Damini Jawaheer7

ABSTRACT. Objective. To assess whether gene expression signatures associated with rheumatoid arthritis (RA) before 
pregnancy differ between women who improve or worsen during pregnancy, and to determine whether these 
expression signatures are altered during pregnancy when RA improves or worsens.

 Methods. Clinical data and blood samples were collected before pregnancy (T0) and at the third trimester 
(T3) from 11 women with RA and 5 healthy women. RA disease activity was assessed using the Clinical 
Disease Activity Index (CDAI). At each timepoint, RA-associated gene expression signatures were identi-
fied using differential expression analysis of RNA sequencing profiles between women with RA and healthy 
women.

 Results. Of the women with RA, 6 improved by T3 (RAimproved), 3 worsened (RAworsened), and 2 were excluded. 
At T0, mean CDAI scores were similar in both groups (RAimproved 11.2 ± 9.8; RAworsened 13.8 ± 6.7; Wilcoxon 
rank-sum test: P = 0.6). In the RAimproved group, 89 genes were differentially expressed at T0 (q < 0.05 and 
fold change ≥ 2) compared to healthy women. When RA improved at T3, 65 of 89 (73%) of these genes no 
longer displayed RA-associated expression. In the RAworsened group, a largely different RA gene expression sig-
nature (429 genes) was identified at T0. When RA disease activity worsened at T3, 207 of 429 (48%) genes 
lost their differential expression, while an additional 151 genes became newly differentially expressed. 

 Conclusion. In our pilot dataset, pre-pregnancy RA expression signatures differed between women who sub-
sequently improved or worsened during pregnancy, suggesting that inherent genomic differences may influ-
ence how pregnancy affects disease activity. Further, these RA signatures were altered during pregnancy as 
disease activity changed.
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Rheumatoid arthritis (RA) is a systemic inflammatory disease that 
leads to significant disability resulting from pain and swelling in 
inflamed joints and from joint destruction. To date, there is no 
cure. Pregnancy is known to have disease-modifying properties1,2,3,4 
on RA, with a significant proportion of women experiencing an 
improvement in disease activity during pregnancy while in others, 
the disease may remain unchanged or even worsen. Even though 
there are medications, including some traditional and biologic 

disease-modifying antirheumatic drugs that are considered safe for 
use in pregnancy,5,6 many women with RA prefer to stop taking 
medications during pregnancy. However, because there are no 
known biomarkers at present to predict who is likely to improve 
or worsen, or whose RA will remain unchanged during pregnancy, 
these women are hesitant to plan a pregnancy because they do not 
know whether their disease will worsen if they stop taking medica-
tions in order to try to conceive. 
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 Several case-control studies based on gene expression data 
from microarrays7,8,9,10,11,12 or RNA sequencing (RNA-seq) have 
been conducted to investigate gene expression signatures associ-
ated with RA.13 However, gene expression studies that have been 
conducted in the context of RA pregnancy have not examined 
RA-associated expression signatures in the nonpregnant state due 
to pre-pregnancy samples not being available.14,15,16,17 It is thus 
unknown whether the pre-pregnancy RA expression signature 
can be used to predict whether RA will subsequently improve or 
worsen during pregnancy. Further, given that gene expression is a 
dynamic process, it is possible that the RA-associated gene expres-
sion signature may be altered during pregnancy. Genes modulating 
disease activity during pregnancy may show altered expression 
when disease activity changes over time, as their expression may 
either no longer be associated with RA when disease activity is low 
or in remission during pregnancy, or additional genes may show 
RA-associated expression when RA worsens during pregnancy. 
However, the influence of pregnancy on the RA gene expression 
signature, if any, has not been investigated.
 In our present study, we have used our unique prospective pilot 
pregnancy cohort of women with RA and healthy women that 
includes a pre-pregnancy timepoint18,19 as a case-control dataset 
to examine gene expression signatures associated with RA at 
the pre-pregnancy baseline. We hypothesized that the baseline 
RA-associated gene expression signature among women who 
subsequently improved during pregnancy differs from that of 
women who worsened during pregnancy. We also evaluated a 
second hypothesis that the gene expression signature associated 
with RA at pre-pregnancy is altered during pregnancy when 
disease activity improves or worsens. 

METHODS
Study subjects. Healthy women and women with RA of Danish descent 
who were planning a pregnancy were recruited, enrolled in our pregnancy 
cohort in Denmark, and prospectively followed, as previously described.18 
A subset of 11 women with RA and 5 healthy women from this cohort, 
on whom we reported longitudinal changes in expression,19 was included in 
the present study. The women with RA fulfilled the 1987 revised American 
College of Rheumatology criteria for the disease.20 The study was approved 
by the Ethics Committee for Region Hovedstaden (Denmark), the Danish 
Data Protection Agency, and the Children’s Hospital Oakland Research 
Institute institutional review board (IRB number: 2009-073). All subjects 
provided written informed consent prior to enrollment. Data and samples 
were collected as previously described.19 
Assessment of RA disease activity. RA disease activity was assessed using the 
Clinical Disease Activity Index (CDAI)21 because it does not include acute-
phase reactants such as C-reactive protein (CRP), whose levels are known 
to fluctuate during pregnancy;22,23 further, acute-phase reactants do not 
contribute much information on top of what is provided by the CDAI.24 
The change in CDAI (ΔCDAI) from before pregnancy (T0) to the third 
trimester (T3) was used to determine whether disease activity improved or 
worsened. Patients were categorized as having improved by T3 (RAimproved) 
if their ΔCDAI fit the criteria for a minimum clinically important differ-
ence (MCID) based on baseline (T0) disease activity; ΔCDAI values of 
12, 6, and 1 were used as thresholds when disease activity at T0 was high, 
moderate, or low, respectively.25 Those women with an increase in CDAI 
from T0 to T3 satisfying the MCID criteria for worsening of disease activity 
were included in the “worsened” subset, referred to as RAworsened.
RNA sequencing and bioinformatic analyses. RNA extractions, processing, 

and sequencing were performed as originally described.18 Pseudoalignment 
of the demultiplexed raw sequence reads (FASTQ format) to the Ensembl 
reference human GRCh38 transcriptome assembly (release 98) and quanti-
fication of transcript abundances were performed using kallisto (v0.43.0).26 
BioMart annotations were used to combine transcript-level counts into 
gene-level estimates; counts were summed by Ensembl gene IDs. Gene IDs 
that mapped to patches or alternate haplotypes rather than to the primary 
reference sequence were excluded to avoid duplication. Pseudogenes, genes 
without annotations, and genes with very low read counts (< 1 transcript/
million) in at least 25% of all samples were filtered out. Any globin and 
ribosomal RNA transcripts still present were also filtered out. To adjust 
for variable sequencing depths across samples, the gene-level counts were 
normalized using the trimmed mean of M values algorithm as implemented 
in the edgeR package (v3.26.8; http://bioconductor.org).27,28 To assess 
batch effects, normalized counts from pairs of technical replicates were 
plotted, and outliers were filtered out to achieve a Pearson correlation of at 
least 95% between replicates. 
Case-control differential gene expression analysis. To identify gene expression 
signatures associated with RA at the T0 baseline, cross-sectional differen-
tial expression analysis was performed using edgeR (v3.26.8),27 comparing 
normalized T0 gene-level counts between each RA subset (RAimproved or 
RAworsened) and healthy women. In each analysis, a negative binomial distri-
bution was used to handle the overdispersion in RNA-seq gene counts. 
Differential expression was tested using generalized linear model (GLM) 
likelihood ratio tests (LRT), and differences between women with RA and 
healthy women were assessed using the contrast argument of the glmLRT 
function in edgeR. Correction for multiple testing was performed using 
the false discovery rate method.29 A q-value threshold of 0.05, in combina-
tion with a fold change (FC) of at least 2, was used to assess significance. 
To determine whether the pre-pregnancy expression signature changed 
when RA improved or  worsened during pregnancy, the differential expres-
sion analysis was repeated using data from the same women (RAimproved or 
RAworsened vs healthy women) at the T3 timepoint.
Functional analysis. Differentially expressed genes were analyzed for over-
representation of Gene Ontology (GO) categories using a hypergeometric 
test implemented in the WEB-based GEne SeT AnaLysis Toolkit.30 A signif-
icance threshold of q < 0.05 was used to define enrichment. Cystoscape31 
was used for functional annotations and visualization of protein interac-
tions documented in the STRING database.32 

RESULTS
Study subjects. Of the 11 women with RA, 6 improved by T3 
while 3 worsened, based on MCID thresholds. Two women were 
excluded because even though their disease activity improved 
during pregnancy, one was already in remission at T0, and the 
ΔCDAI value for the other (ΔCDAI = 2.7) did not meet the 
MCID threshold of 6 for moderate baseline disease activity. The 
changes in disease activity scores from T0 to T3 were signifi-
cantly correlated between the CDAI and the Disease Activity 
Score in 28 joints based on CRP 3 (DAS28-CRP3; Pearson 
correlation = 85%, P = 0.004). The average ages at conception 
were as follows: 28.9 ± 6.0 years for RAimproved, 33.2 ± 1.9 years 
for RAworsened, and 31.2 ± 5.7 years for the healthy women. The 
women who improved had a shorter disease duration than those 
who worsened (RAimproved [mean ± SD]: 6.5 ± 4.2 yrs; RAworsened: 
8.9 ± 1.1 yrs), although this difference was not statistically signif-
icant. Medications taken by the women with RA at each time-
point are shown in Table 1. While mean disease activity (CDAI 
scores) at baseline did not differ significantly between the 2 RA 
subsets (RAimproved: 11.2 ± 9.8; RAworsened: 13.8 ± 6.7; Wilcoxon 
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rank-sum test: P = 0.6), the mean values at T3 differed signifi-
cantly (RAimproved: 2.2  ±  1.3; RAworsened: 31.7  ±  15.1; Wilcoxon 
rank-sum test: P = 0.02). 
The RA gene expression signature at the T0 (pre-pregnancy) 
baseline. A total of 89 genes were differentially expressed 
(q  <  0.05; FC  ≥  2) between the 6 RAimproved and 5 healthy 
women (Figure 1A; Supplementary Table 1, available with the 
online version of this article). The genes that were overexpressed 
(n  =  44) in RA (e.g., C4BPA, CAMP, CD177, CRISP3, 
HLA-DQA2, MMP8, OLFM4, ORM1, S100A12) as well as 
those that were underexpressed (n = 45; e.g. CMPK2, HERC5, 
IFI44, IFI44L, IFITM3, IL1RL1, IL5RA, MX1, OAS1, OAS2, 
OAS3, SIGLEC1) were enriched in various immune-related GO 
biological processes, as shown in Table 2, and in Reactome path-
ways relating to interferon (IFN) signaling (q = 5.9 × 10–6), anti-
viral mechanism by IFN-stimulated genes (q = 7.0 × 10–5), and 
p130Cas linkage to mitogen-activated protein kinase signaling 

for integrins (q = 1.4 × 10–2), among others. A large proportion 
(52%) of the 89 genes differentially expressed between RAimproved 
and healthy women at the T0 baseline encode proteins that are 
functionally related, as shown by protein networks based on 
the STRING database32 in Cytoscape (Figure  2). Most of the 
underexpressed genes formed a tight cluster, distinct from the 
overexpressed genes.
 A total of 429 genes were differentially expressed (FC ≥ 2; 
q  <  0.05) between RAworsened and healthy women at T0 
(Figure 3A). This gene expression signature largely differed from 
the one identified above (RAimproved vs healthy women). Only 19 
of the 429 genes overlapped with those differentially expressed 
between RAimproved and healthy women at T0, with the majority 
demonstrating similar expression patterns in both RA subgroups 
compared to healthy women (overexpressed: OLFM4, UBB, 
ORM1, SEPTIN3, KRT1, TUBB2A; underexpressed: IL1RL1, 
IGLC3, IGLV2-14, PF4V1, FADS2, NKX3-1; Supplementary 

Table 1. Medication use among the women with RA at each timepoint.

Patient  Pre-pregnancy 3rd Trimester

Improved   
 1 None None
 2 None None
 3 None PSL + SSZ 
 4 SSZ SSZ
 5 SSZ PSL
 6 PSL + IFX PSL + SSZ 
Worsened  
 7 PSL + SSZ+ ETN PSL + SSZ 
 8 SSZ + ADA ADA 
 9 IFX  None

ADA: adalimumab; ETN: etanercept; IFX; infliximab; PSL: prednisolone; 
RA: rheumatoid arthritis; SSZ: sulfasalazine.

Figure 1. RA-associated expression among women with RA who improved during pregnancy. Volcano plots 
showing differential expression between women with RA who improved during pregnancy (RAimproved) and healthy 
women at 2 timepoints. (A) At pre-pregnancy (T0), 89 genes were differentially expressed (q  <  0.05; FC  ≥  2) 
between RAimproved and healthy women, some being overexpressed in RA (orange dots) and others underexpressed 
(blue dots). (B) In the third trimester (T3), when RA improved, 65 of the 89 genes (73%) were no longer differ-
entially expressed (orange and blue dots with –1 ≤ log2[FC] ≤ 1 and –log10[q-value] < 1.3). Genes that became 
newly differentially expressed at T3 are shown as green dots. FC: fold change; RA: rheumatoid arthritis.

Table 2. GO biological processes enriched in genes with RA-associated 
expression before pregnancy among RAimproved women.

Gene Set Description Enrichment  q
  Ratio

GO:0032069 Regulation of nuclease activity 46.6 7.6 × 10–4

GO:0060337 Type I IFN signaling pathway 21.4 5.3 × 10–5

GO:1903901 Negative regulation of viral life cycle 20.8 3.1 × 10–4

GO:2001244 Positive regulation of intrinsic 
    apoptotic signaling pathway 18.6 1.5 × 10–2

GO:0045087 Innate immune response 5.9 1.7× 10–6

GO:0043312 Neutrophil degranulation 5.9 1.1 × 10–3

GO:0051707 Response to other organism 5.1 1.7 × 10–5

GO:0050878 Regulation of body fluid levels 4.8 2.2 × 10–2

GO: Gene Ontology; IFN: interferon; RA: rheumatoid arthritis.
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Table  2, available with the online version of this article). 
HLA-DRQA2, on the other hand, was 3-fold overexpressed 
among the RAimproved group and 3-fold underexpressed among 
the RAworsened women compared to the healthy women.
The RA gene expression signature is altered when RA improves or 
worsens during pregnancy. When disease activity improved by 
T3, most of the baseline RA signature genes identified among 
RAimproved women (65 of 89; 73%) were no longer differentially 
expressed between the RAimproved and healthy women (Figure 1B; 

Supplementary Table 1, available with the online version of this 
article). Of note, there were 24 genes that remained differen-
tially expressed between RAimproved and healthy women at T3 
(e.g., C4BPA, HLA-DQA2, IGLC3, IL5RA, MAOA, OLIG2, 
PTGDR2, TUBB2A), and an additional few (n = 27) became 
newly differentially expressed (e.g., ADORA3, CYP27A1, 
DSC1, RAP1GAP, SCL29A1).
  When disease activity worsened by T3, 207 of the 429 
genes (48%) differentially expressed at the T0 baseline lost their 

Figure 2. Protein network showing genes differentially expressed at the pre-pregnancy baseline within the same 
functional network. A large proportion of the 89 genes differentially expressed between RAimproved and healthy 
women at the pre-pregnancy baseline encode proteins that belong to a common functional network, based on 
protein interaction data from the STRING database. Most of the underexpressed genes (blue circles) formed a 
tight cluster, distinct from the overexpressed genes (orange circles).

Figure 3. RA-associated expression among women with RA who worsened during pregnancy. Volcano plots 
showing differential expression between women with RA who worsened during pregnancy (RAworsened) and healthy 
women before and during pregnancy. (A) At pre-pregnancy (T0), 429 genes were differentially expressed (q < 0.05; 
FC ≥ 2) between RAworsened and healthy women, consisting of some that were overexpressed in RA (maroon dots) 
and some that were underexpressed (purple dots). (B) In the third trimester (T3), when RA worsened, 207 of the 
429 genes (48%) were no longer differentially expressed (maroon and purple dots with –1 ≤ log2[FC] ≤ 1 and  
–log10[q-value] < 1.3). Numerous genes (green dots) became newly differentially expressed at T3 when disease 
activity worsened. FC: fold change; RA: rheumatoid arthritis.
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differential expression, while an additional 151 genes became 
newly differentially expressed (Figure 3B). 

DISCUSSION
In the present study, our goal was to examine whether the 
pre-pregnancy RA gene expression signature differs between 
women who subsequently improved during pregnancy and those 
who worsened during pregnancy. We also examined whether 
the pre-pregnancy RA gene expression signature was altered in 
any way during pregnancy, when disease activity improved or 
worsened. 
 In our pilot dataset, even though mean disease activity 
was similar between the RAimproved and RAworsened groups at the 
pre-pregnancy baseline, there was very little overlap in the sets 
of genes showing RA-associated expression within each of the 
2 groups. The few genes that overlapped between the 2 RA 
expression signatures included some that have previously been 
implicated in RA, such as IL1RL1,33 ORM1,34 KRT1,35 and 
HLA-DQA2.36 Although HLA-DQA2 expression was associ-
ated with RA in both subsets, this gene demonstrated contrasting 
expression patterns; it was 3-fold overexpressed in the RAimproved 
group and 3-fold underexpressed in the RAworsened group, both 
compared to the same set of healthy women. While increased 
HLA-DQA2 expression has been reported in RA,37 a negative 
correlation has also been found between expression levels in syno-
vial tissue fibroblast cells and Health Assessment Questionnaire 
scores.38 Nonetheless, the significance of these contrasting 
expression patterns in the 2 groups of women with RA is not 
entirely clear. The RA expression signature identified among the 
RAimproved women included many additional genes whose expres-
sion and/or methylation patterns have previously been asso-
ciated with RA, such as S100A12,39 CRISP3,40 MMP8,41 and 
CAMP.12 Of interest, the IFN-inducible genes IFI44, IFI44L, 
CMPK2, HERC5, MX1, SIGLEC1, OAS1, OAS2, and OAS3 
were also part of the baseline RA expression signature among 
the RAimproved women. Compared to healthy women, these genes 
were underexpressed in this RA subset at baseline, as we previ-
ously reported,19 in contrast to other studies of RA and other 
autoimmune conditions.9,42,43 While our pre-pregnancy RA 
signatures also included many genes that did not overlap with 
RA signatures from previous case-control studies, results were 
inconsistent even across those previous studies. This could be 
attributed to a number of factors, including the source of RNA 
(whole blood [our study] vs peripheral blood mononuclear cells 
[PBMCs]),9,11,14,15,16,17 synovial fibroblasts,13 or neutrophils;44 
differences in gene expression technology used (RNA-seq [our 
study] vs microarrays);9,11,14,15,16,17 and patient sample and sex 
ratio (only women, most of whom experienced improvement of 
RA disease activity during pregnancy  [our study] vs women and 
men).9,11,13,44 
 In the present study, we also examined the influence of preg-
nancy on RA-associated gene expression signatures. This had 
not previously been reported since pre-pregnancy samples were 
not available in prior studies.14,15,16,17 We observed a dilution of 
the baseline RA signature during pregnancy, with the majority 
(73%) of signature genes showing similar expression in both 

women with RA and healthy women by the third trimester, 
when RA improved. These results are consistent with those of 
a previous study demonstrating minimal differences in PBMC 
expression profiles between women with RA and healthy women 
in the third trimester.15 While our study design did not allow us 
to determine whether the loss of association with RA in the third 
trimester is specific to pregnancy, it is plausible that as the expres-
sion profiles of the women with RA undergo pregnancy-induced 
changes, they start to resemble those of healthy women, as we 
observed, and these changes are accompanied by an improve-
ment of the disease. On the other hand, when RA worsened 
during pregnancy, many genes (n  =  151) demonstrated new 
expression patterns that became associated with RA, as would be 
expected when the “case” and “control” groups become pheno-
typically more different from each other.
 In a previous study comparing the DAS28 based on eryth-
rocyte sedimentation rate and DAS28-CRP, with and without 
patient global scores, during pregnancy, the DAS28-CRP3 was 
found to perform better.45 However, since even CRP levels have 
been shown to fluctuate during pregnancy,22,23 the DAS28-CRP3 
does not represent a gold standard for use in pregnancy. Other 
measures of disease activity that do not include acute-phase 
reactants, such as the CDAI, have not been assessed for their 
performance during pregnancy. In the absence of a gold stan-
dard, we chose to use the CDAI to assess disease activity before 
and during pregnancy because acute-phase reactants have been 
shown to add little information on top of the clinical variables 
already included in the CDAI.24 Additionally, the CDAI is 
more stringent than the DAS28 when assessing improvement 
of disease activity; it has been shown that patients can satisfy 
DAS28 remission criteria while still having active disease.46 
 In our study, the availability of pre-pregnancy and preg-
nancy data from the same women who improved or worsened 
during pregnancy enabled us to investigate pre-pregnancy 
gene expression signatures between the 2 groups, as well as the 
effect of pregnancy on those expression signatures. The use 
of RNA-seq technology to assess gene expression was another 
strength. However, our study has some limitations. First, given 
that this is a pilot study, sample sizes were small. Nonetheless, 
patterns emerged that are supported by previous literature and 
thus further investigations in a larger sample are warranted. We 
did not examine proportions of cell types between disease states 
(RA vs healthy) and/or across timepoints because our goal was 
to identify overall systemic gene expression changes, resulting 
from altered expression of specific genes or from differences in 
cell proportions. Because we used total RNA from whole blood, 
expression profiles of neutrophils may have dominated the 
observed expression patterns. It is also possible that medications 
taken by the women with RA before pregnancy may have influ-
enced the results. However, due to sample size limitations, we 
could not assess if this was the case, and we were also unable to 
adjust for dosage and/or specific medications. 
 In conclusion, we report novel findings that women with 
RA who improved during pregnancy demonstrated differences 
in pre-pregnancy RA-associated gene expression compared to 
women who worsened. These differences in pre-pregnancy RA 
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expression signatures suggest that inherent genomic differences 
between women with RA may influence how pregnancy alters 
disease activity. Our findings that RA-associated gene expression 
signatures are altered during pregnancy when disease activity 
changes are also novel. Additional investigations in larger data-
sets are warranted to corroborate these preliminary findings 
and to identify novel drug targets and/or biomarkers of disease 
activity. 
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