
Rheumatoid arthritis (RA) is the most common autoimmune
rheumatic disease, which is a systemic multifactorial inflammatory
process affecting the joints [1, 2]. The synovial membrane plays
an important role in the pathogenesis of RA, since activated fi-
broblast-like synoviocytes produce prostanoids, cytokines,
chemokines, matrix-degrading enzymes, angiogenic factors, and
adhesion molecules that are involved in tissue activation [3]. In
addition, synovial tissue is invaded by macrophages and activated
lymphocytes. T-lymphocytes are capable of producing pro-in-
flammatory cytokines, predominantly of the tumor necrosis factor
(TNF) and interleukin (IL) superfamilies, as well as growth
factors. B-lymphocytes are associated with the production of au-
toantibodies such as rheumatoid factor (RF) and аnti-citrullinated
protein antibodies (ACPAs) [1]. Subsequently, the penetration of
degrading enzymes, primarily matrix metalloproteinases (MMPs)
and cathepsins activated by pro-inflammatory cytokines, into ar-
ticular cartilage and bone tissue leads to the destruction of these
tissues [4]. To prevent structural damage, to suppress disease
activity, inflammation and pain in RA, non-steroidal anti-in-
flammatory drugs and genetically engineered biological drugs
(GEBDs) are used. However, not all patients respond equally to

treatment, and clinical remission is observed only in 30–60% of
cases [5]. Therefore, predicting an individual's response to therapy
before its onset is of great importance.

Tofacitinib (TOFA) is a Janus kinase (JAK) 1/3 inhibitor that
inhibits the activity of intracellular tyrosine kinases [6]. It has been
shown that TOFA is significantly more effective than methotrexate
in the treatment of naive patients or patients with an inadequate re-
sponse to GEBD [7]. However, some adverse events that may
develop with the use of this drug (infections or thromboembolic
disorders) limit its use in a number of patients [8]. In this regard, it
seems important to predict the response to TOFA therapy even
before its initiation.

Since peripheral blood is the most accessible biomaterial, and
gene expression is the earliest cellular response of the body to envi-
ronmental changes [9], gene expression analysis of peripheral blood
mononuclear cells (PBMCs) can be used to assess the patient's
response to therapy. Data from our previously published study
showed that the achievement of clinical remission in patients with
RA treated with TOFA was associated with lower baseline expression
of genes involved in energy production (pyruvate kinase and succinate
dehydrogenase) compared with the rest of the patients, while the
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lack of response to TOFA was accompanied by high basal expression
of these genes [10].

Another approach to predict response to therapy may be to
evaluate the response of the patient's cultured blood cells in vitro.
Since TOFA inhibits the signalling pathways of pro-inflammatory
cytokines, which are further involved in the production of MMPs
and the activation of osteoclasts involved in the destruction of cartilage
and bone [11], it was suggested that in patients with RA, analysis of
gene expression in blood cells cultured with TOFA before therapy
may be useful for personalized prediction of treatment efficacy.

Patients and methods. The study included 12 patients with RA
who met the 2010 ACR (American College of Rheumatology)
criteria and had not previously received TOFA. The average age of
the patients was 51.0±14.2 years, the average duration of the disease
was 37.6 months (from 4 to 180 months). Initially, 11 patients had
stage II according to Steinbroker, 1 patient had stage III. The
majority of patients (91.7%) were seropositive for ACPA, and 58.3%
were seropositive for RF. Initially, 7 patients had high RA activity
(DAS28 >5.1), and 5 had moderate activity (3.2<DAS28<5.1).

The indication for the prescription of
TOFA was refractoriness to methotrexate
(at a dose of 20–25 mg/week), including 3
patients who received it in combination
with methylprednisolone (8 mg/day) and 1
patient who received it with hydroxychloro-
quine (200 mg/day). All patients received
TOFA (5–10 mg twice daily) for 3 months
of follow-up. After 3 months of TOFA treat-
ment, 6 patients achieved remission, the
rest had high (n=3) or moderate (n=3) dis-
ease activity. Remission was defined using
the ACR criteria for clinical remission based
on a simplified 28-joint score (DAS28<2.6).

The study was conducted in accor-
dance with the Declaration of Helsinki.
The study protocol (No. 13 dated June 4,
2015) was approved by the local ethics
committee, all patients voluntarily signed
an informed consent.

At baseline and after 3 months, RA
activity was assessed using DAS28-ESR.
Nephelometric analysis was performed on
a BN-100 analyzer (Dade Bering, Ger-
many) to determine the concentrations of
serum CRP (threshold value, 5 mg/l) and
IgM RF (standard threshold value, 15
mU/l). ACPA was measured using an en-
zyme-linked immunosorbent assay (ELISA)
kit according to the manufacturer's rec-
ommendations (cut-off level 5 U/mL for
positive antibodies, Axis Shield Diagnostics
Limited, UK).

Fractionation of blood cells. Peripheral
blood (10 ml) was collected in Vacutainer
tubes containing EDTA (BDH, UK). Blood
samples were taken in a standardized manner
in the morning (between 07:00 and 09:00).
Whole blood fractionation was performed
using a Ficoll density gradient. PBMCs
were collected and washed twice with phos-
phate-buffered saline.

Cell viability test. The viability of blood cells in RA patients was
assessed by staining with 0.2% trypan blue 48 h after TOFA treatment.
Cell viability was considered satisfactory if the same number of
such cells was observed in the control (cells cultured without TOFA)
or in PBMCs cultured in the presence of TOFA. Both TOFA con-
centrations tested (100 or 500 nM) were non-toxic as they did not
affect cell viability compared to untreated samples. In all experiments,
100 nM of TOFA was used.

Cultivation of blood cells. 106 cells/mL were seeded into a 96-
well plate and then cultured in RPMI-1640 medium (Gibco, Life
Technologies, Inc., UK) containing 25 mmol/L of HEPES buffer,
pH 7.4, supplemented with 10% (v/v) heat-inactivated fetal calf
serum (FBS, Gibco, Life Technologies, Inc., UK), 100 U/mL of
penicillin, 100 μg/mL of streptomycin, and 150 μg/mL of gentamicin
sulfate at 37°C in the presence of 5% CO2 for 48 h. After changing
the nutrient medium, cells were starved for 24 h in the same medium
without serum, and then the medium was replaced with fresh
medium without serum, which contained either 100 nM of TOFA
citrate (Sigma-Aldrich) or the same medium without TOFA (control).

Fig. 1. Relative gene expression in cells of RA patients cultured with TOFA for 48 hours be-
fore the start of therapy: a, b, c, d – patients who achieved remission (n=6); e, f, g, h – pati-

ents who did not achieve remission (n=6). * – significant differences with control cells
cultured without TOFA (Wilcoxon test)



After 1 hour of incubation, 10% (v/v) FBS was added to each well
and cells were incubated for another 48 hours. Cells were harvested
and total RNA was isolated immediately. All experiments were
carried out in triplicate.

Isolation of total RNA and reverse transcriptase reaction (RT).
Total RNA was isolated from each well using the Extract RNA
reagent (Evrogen, Russia). The RT reaction was performed using a
kit containing M-MLV reverse transcriptase, random hexanucleotide
primers and total RNA, according to the manufacturer's recom-
mendations.

Quantitative polymerase chain reaction (PCR) in real time. The
following ready-made primers and probes (Applied Biosystems,
USA) were used for TaqMan analysis: TNFα (Hs00174128_m1),
IL1β (Hs00174097_m1), MMP9 (Hs00234579_m1), and cathepsin
K (Hs00987255_m1). β-actin served as endogenous control. Gene
expression was quantified using the Quant Studio 5 real-time PCR
system (Applied Biosystems, USA) as described previously [12]. For
this purpose, 1 μL of the RT product was subjected to real-time PCR
in a total reaction mixture (15 μL) containing 7.5 μL of TaqMan
Universal PCR Master Mix (Applied Biosystems, USA), 900 nM of

sense and antisense primers, 50 nM of probe,
and complementary matrix DNA. After a
single step at 50°С for 2 min and an initial
activation at 95°С for 10 min, the reaction
mixtures were subjected to 40 amplification
cycles (15 s at 95°С for denaturation and 1
min for annealing and elongation at 60°С).
Relative gene expression was determined by
the ΔΔCT method in accordance with the
manufacturer's recommendations (Applied
Biosystems, USA). The ΔCT value was cal-
culated by subtracting the CT value for the
housekeeping gene from the CT value for
each sample. The ΔΔCT value was then cal-
culated by subtracting the ΔCT value of each
control from the ΔCT value observed in each
TOFA-treated sample.

Statistical analysis. Statistical data pro-
cessing was carried out using the Statistica
software package (version 12.0 StatSoft Inc.,
USA). Quantitative data are expressed as
median and interquartile range (Me [25th;
75th percentile]). The results were statistically
processed using the Mann–Whitney and
Wilcoxon tests. The value of p≤0.05 was
considered statistically significant.

Results. Between patients who achieved
(group 1) and did not achieve (group 2) re-
mission, there were no significant differences
in most baseline characteristics (see Table).
However, initially, patients of the 2nd group
had a greater number of painful joints –
NPJ (p=0.04) compared with patients of
the 1st group.

After 3 months of observation the
number of swollen joints (NSJ) significantly
decreased in patients of both groups
(p=0.03),  but the absence of joint pain
was observed only in patients who achieved
remission (see Table). All patients responded
to treatment (ΔDAS28 >1.2). However,
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Fig. 2. Area under the curve (AUC), demonstrating the relationship
between the initial level of TNFα gene expression in blood cells of

RA patients cultured with TOFA for 48 hours before the start of the-
rapy, with the likelihood of remission during TOFA therapy



the value of ΔDAS28 in patients of the 1st group was significantly
higher than in the participants of the 2nd group.

Analysis of gene expression in blood cells cultured with TOFA
before therapy. Significant activation of the expression of all the
studied genes was observed in PBMCs cultured with TOFA,
compared with control cells of RA patients (n=6), who retained
high or moderate disease activity after 3 months of treatment (Fig.
1, e, f, g, h). In particular, in 5 out of 6 patients, an increase in the
expression of the MMP9, TNFα and IL1β genes was detected,
while an increase in the expression of the cathepsin K gene was
found in all patients of the 2nd group.

On the contrary, in all examined patients of the 1st group (n=6)
who achieved remission after 3 months of observation, a significant
decrease in TNFα gene expression in PBMCs cultured with TOFA
was noted compared to control cells (see Fig. 1, a) . The expression
of other studied genes varied. For example, the expression of IL1β,
MMP9, and cathepsin K genes in cells cultured with TOFA was
reduced in 3 out of 6 patients, while an increase in their expression
was demonstrated in another 3 patients (see Fig. 1, b, c, d) .

To assess the prognostic value of TNFα gene expression, ROC
analysis was performed (Fig. 2), which confirmed the presence of
significant associations of this gene expression with the likelihood
of remission during TOFA therapy. Threshold values for TNFα
gene expression were 1.17: area under the curve (AUC) = 0.875;
95% CI (0.718–1.000); p=0.005.

Discussion. The number of available GEBDs and targeted syn-
thetic basic anti-inflammatory drugs is constantly growing [13].
Clinical studies show that different drugs are not equally effective in
the treatment of RA, so it is necessary to distinguish between
responders and non-responders [14].

The obtained results demonstrated that the achievement of
remission in patients with RA on the background of TOFA

treatment is associated with a significant decrease in the expression
of the TNFα gene in PBMCs cultured with this drug before
therapy onset. On the contrary, in the PBMCs of patients who did
not go into remission after 3 months of using TOFA, a significant
increase in the baseline expression of the TNFα, IL1β, MMP9,
and cathepsin K genes was revealed. An increase in MMP9 ex-
pression in response to inhibition of Janus kinases was previously
determined in macrophage cell cultures [15]. Our data are supported
by previous animal studies, which showed that TOFA blocks
TNFα production in cultured blood cells [16]. At the same time,
our results explain the absence of differences in TNFα expression
in RA patients who responded or did not respond to therapy,
which was observed in studies with T-lymphocytes cultured with
TOFA [17], since TNFα gene expression was suppressed only in
patients who achieved remission. From the point of view of
molecular mechanisms, it can be assumed that in blood cells
TOFA preferentially inhibits signaling from cytokines, which is
regulated by the JAK1/3-STAT signaling pathways, although
TNFα does not directly signal through the JAK-STAT pathway
[18]. However, it was previously demonstrated that TOFA can in-
terfere with the response of cells to TNFα by suppressing the au-
tocrine loop TNF-interferon β -JAK-STAT1 [19].

Conclusion. We have proposed an original approach to pre-
dicting the efficacy of therapy in RA patients by assessing changes
in gene expression in blood cells cultured in vitro in the presence
of a drug prior to treatment. In particular, a significant decrease in
the expression of the TNFα gene in blood cells cultured with
TOFA for 48 hours before the start of therapy can probably serve
as a prognostic biomarker for achieving remission of the disease,
while a significant increase in the expression of the TNFα, IL1β,
MMP9, and cathepsin K genes will indicate a less pronounced re-
sponse to the drug.
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