
ORIGINAL ARTICLE

Methotrexate preferentially affects Tc1 and Tc17 subset of CD8
T lymphocytes

Amit Sandhu1,2
& Shabeer Ahmad1

& Prabhdeep Kaur1 & Archana Bhatnagar2 & Veena Dhawan3
& Varun Dhir1

Received: 11 December 2017 /Revised: 1 January 2018 /Accepted: 29 January 2018 /Published online: 20 February 2018
# International League of Associations for Rheumatology (ILAR) 2018

Abstract
Rheumatoid arthritis is considered a T-lymphocyte-mediated disease. However, studies have focussed on CD4 T-lymphocytes,
ignoring CD8 T-lymphocytes despite the latter being found abundantly in the synovium. Specifically, there is little data of
the effect of methotrexate, the gold-standard DMARD, on various CD8 cytokine T-lymphocyte subsets and conflicting
data on CD4 subsets. In this prospective study, patients with active rheumatoid arthritis, who were 18 to 65 years of age,
were treated with methotrexate (up to 25 mg per week) for 24 weeks. At baseline and 24 weeks, frequencies of
CD8+IFNγ+, CD8+IL17+, CD8+IL4+, corresponding CD4 subsets and plasma levels of IFNγ, IL-12, IL-10, IL-4 and
IL-17 were determined by flow cytometry. These are summarised as median (IQR = interquartile range, 25th–75th
percentile) and paired data compared using Wilcoxon signed rank test. This study included 67 patients (F/M = 4:1) with
rheumatoid arthritis, 57 (85%) being RF positive and 20 receiving prednisolone at baseline. Mean (± SD) dose of
methotrexate at 24 weeks was 22.9 ± 3.0 mg per week. On treatment with methotrexate, there was a significant (p =
0.04) decline in CD8+IFNγ+ cells from 37.2 (IQR 19.4–60.2) to 22.7% (IQR 8.5–49.7) and a marginal increase in
CD8+IL17+ cells from 0.3 (IQR 0.1–0.6) to 0.4 (IQR 0.2–1.2), p = 0.006. There was no significant change in the other
subsets. There was also a significant decline in circulating levels of IL-12, IL-10 and IL-17 and marginal increase in IL-4.
On evaluating by response, non-responders but not responders had a significant increase in CD8+IL17+ (p = 0.01). There
is a significant decline of CD8+IFNγ+ T cells and marginal increase in CD8+IL17+ T cells after methotrexate. Change in
Tc1 subset may be mediated through reduction in IL-12 levels.
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Introduction

Rheumatoid arthritis is a multi-factorial disease that involves
activation of many pathways driven by numerous cells.
Among these, T-lymphocytes have been considered the

master conductors of the orchestra of inflammation. CD4 T-
lymphocytes particularly the CD4+IFNγ+ cells (Th1 subset)
have been implicated in human and most animal models
[1–3]. In addition, since their discovery, CD4+IL17+ (Th17)
have also been implicated in the pathogenesis of RA.
However, CD8 cells, that constitute a large proportion of the
synovial compartment and are increased in circulation of early
RA patients, have largely been ignored in its pathogenesis [4,
5]. CD8 T-lymphocytes are not a homogenous group and,
similar to the paradigm of CD4 T-lymphocytes, can also be
divided by cytokine production into CD8+IFNγ+, CD8+IL4+

and CD8+IL17+ cells [6, 7]. Some studies have found higher
CD8+IFNγ+ in active RA, as compared to quiescent RA, but
there is little data on the other subsets [8].

Methotrexate was developed in 1950s as a better folate
analogue than aminopterin and was first used in arthritis in
the 1960s [9]. It has been in regular use in rheumatoid arthritis
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since pivotal randomised controlled trials in the 1980s and its
subsequent FDA approval [10, 11]. It is the current benchmark
and gold standard in rheumatoid arthritis. Apart from its
anti-folate action and anti-proliferative properties, it acts
by increasing extracellular adenosine, which mediates its
anti-inflammatory properties. It has an effect on a wide
variety of cells, from neutrophils, mast cells to lympocytes
[12, 13]. The effect of methotrexate on T-lympocytes has
been an active area of research. However, surprisingly,
there is little data on its effect on CD8 cytokine subsets
and conflicting data on CD4 cytokine subsets.

We hypothesised that changes in the CD4+IFNγ+ (and
CD4+IL17+) and CD8+IFNγ+ subsets and possibly a rise in
CD4+IL-4+ and CD8+IL4+ and CD8+IL17+ subsets could be
the cellular accompaniments of methotrexate action in rheu-
matoid arthritis.

Materials and methods

Subjects Study participants were 18–65 years old, fulfilled the
1987 American College of Rheumatology (ACR) Criteria for
rheumatoid arthritis (RA) [14], had active disease and had not
receivedmethotrexate in the last 6 months. Active disease was
defined as modified disease activity score (28 joints) using
three variables (DAS28-3) > 3.2 [15]. Key exclusion criteria
were pre-existing renal insufficiency, liver disease or a recent
serious infection (last 4 weeks). This study was approved by
institutional ethics committee of our institute, and a written
informed consent was obtained from all participants.
Procedures followed in this study involving human studies
were in accordance with ethical standards of the responsible
committee on human experimentation and with the
Declaration of Helsinki.

Treatment Patients received oral methotrexate at a dose of
15mg per week for first 4 weeks, followed by 20mg per week
for the next 4 weeks and thereafter a dose of 25 mg per week
for the next 16 weeks. This escalation schedule was subject to
tolerance of the drug by the patient and absence of laboratory
abnormalities in the form of transaminitis or cytopenias. All
patients received folic acid at a dose of 5 mg twice a week, 2
and 4 days after methotrexate.

Clinical assessments Patients were followed up with monthly
visits for assessing tolerance and disease activity. In addition,
erythrocyte sedimentation rate (Westergren), complete blood
counts and serum transaminase levels were obtained from the
laboratory. Disease activity was assessed using the modified
disease activity score using 28 joints and 3 variables (DAS28-
3) that was calculated using the formula [0.56 × √(TJC28) +
0.28 × √(SJC28) + 0.70 × ln (ESR)] 1.08 + 0.16, where
TJC28 = tender joint count, SJC28 = swollen joint count in a

28-joint count and ESR = erythrocyte sedimentation rate [15].
It does not include patient global assessment on the visual
analogue score, which is a difficult concept to understand in
our patients. This has been found to be equivalent to the
DAS28 [15]. At the end of 24 weeks, patients were
categorised based on the European League Against
Rheumatism (EULAR) guidelines for response [16]. For the
purpose of this study, good and moderate responders (as per
the EULAR criteria) were designated as Bresponders^ and
compared with non-responders.

Determination of CD4 and CD8 T-lymphocyte subsets At
baseline and 24 weeks, 5 ml venous blood was obtained by
venesection in a vacutainer containing lithium heparin. This
was transported to the laboratory in 2 h where peripheral
blood mononuclear cells were isolated by density gradient
centrifugation using Ficoll-1077 (HiMedia Laboratories,
India). Briefly, blood was mixed with an equal volume of
phosphate-buffered saline (PBS) and carefully layered on
equal volume of Ficoll-1077 in a tube. This was centrifuged
(with brake off) at 400×g at room temperature for 30 min. The
upper plasma layer was discarded, and the mononuclear cell
layer at plasma-Ficoll interface was carefully aspirated by a
pipette and put in another tube. This was washed twice with
3× volumes of PBS and then sedimented at 300 and 200 g
respectively. Cells were then suspended in RPMI and counted,
and adjusted to 1 × 106 cells per millilitre.

Intracellular cytokine production was detected after stimu-
lation with phorbol-12-myristate-13-acetate (PMA) (a protein
kinase C activator) and ionomycin (Ca2+ ionophore) as per
published protocols [17]. This leads to the activation of a T-
lymphocyte (mimicking the actual activation caused on TCR
engagement and co-stimulation). In brief, PBMC cell suspen-
sion of 1 × 106 cells was stimulated with 50 ng/ml of phorbol-
12-mirystate-13-acetate (PMA; Sigma, St. Louis, MO, USA)
and 1 μg/ml of ionomycin (Sigma, St. Louis, MO, USA) for
5.5 h at 37 °C in complete RPMI (with HEPES). In addition,
protein transport inhibitor Brefeldin (1 μl; GolgiPlug, BD
Bioscience, CA, USA) was added to prevent extracellular
transport of cytokines. Cells were washed with PBS, and sur-
face staining was done by incubating with anti-CD3-PE-Cy7,
anti-CD8-PerCP and anti-CD4-PE (BD Bioscience, CA,
USA) for 20 min at room temperature. Subsequently, the cells
were fixed and permeabilised using 250 μl of cytofix/
cytoperm solution (BD Cytofix Fixation Buffer, BD
Biosciences, CA, USA) for 20 min.

After fixation and permeabilization, cells were washed and
resuspended in PBS (with 1% fetal bovine serum) and kept
overnight at 4 °C. Subsequently, they were suspended in 1 ml
perm-wash buffer for 15 min at room temperature. They were
centrifuged, and approximately 100 μl perm-wash buffer left
in which they were resuspended by vortexing. This was divid-
ed into two tubes; in the first tube, anti-human IFNγ-FITC and
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IL-4-BV421 and in the second tube anti-human IFNγ-FITC
and IL-17-BV421 were added and incubated for 30 min in the
dark. The cells were then washed and re-suspended in perm-
wash buffer for acquisition.

Acquisition was done on BD FACS Aria, and a total of
30,000 events were acquired in each tube, and analysed
using software (BD FACS Diva, Becton Dickinson).
Initially, PBMCs were gated using surface and side scatter
characteristics followed by sequential gating (drilling
down) of CD3+ (PE-CY7) positive cells, followed by gating
of CD4+ (PE) and CD8+ (PerCP) positive cells, followed by
opening a dot plot of IFNγ (FITC) and IL-17 or IL-4
(BV421). Positive events were identified using FMO controls.
Frequencies of CD3+CD4+IFNγ+, CD3+CD4+IL4+ and
CD3+CD4+IL17+ and CD3+CD8+IFN-γ, CD3+CD8+IL4+

and CD3+CD8+IL17+ as percentage positive cells were
enumerated (Fig. 1). These are referred to without the
CD3+ marker henceforth.

Measurement of circulating cytokines

Plasma was separated by centrifugation from lithium heparin
anti-coagulated blood. Levels of IL-17A, IFN-γ, IL-12,
IL-10 and IL-4 were determined by the use of human-
enhanced sensitivity flex set (BD Biosciences, CA, USA)
as per the manufacturer’s instruction. This assay has a
detection range of 274–2,00,000 pg/ml. In brief, capture
beads for these cytokines (from individual flex sets) were
mixed in microcentrifuge tubes and reconstituted stan-
dards (provided) or samples added and incubated for 2 h
at room temperature. After this, human detection reagent
(part A) was added to each tube, shaken and incubated for
2 h at room temperature. Then, supernatant was aspirated,
and tubes were washed twice with wash buffer.
Subsequently, enhanced sensitivity detection reagent (part
B) was added to each tube, shaken and incubated for 1 h at
room temperature. Again, supernatant was aspirated, and
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Fig. 1 Gating strategy used for
determining frequencies of CD3+
CD4+IFNg+ (Th1), CD3+CD4+
IL4+ (Th2) and CD3+CD4+
IL17+ (Th17) and CD3+CD8+
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(Tc2) and CD3+CD8+IL17+
(Tc17) as percentage positive
cells



tubes were washed twice with wash buffer and finally
resuspended in the same for acquisition. Acquisition was
done on BD FACS Aria (BD Bioscience, USA), and anal-
ysis was done on FCAP Array Software (BD Bioscience,
USA).

Statistical analysis Collected data was entered into MS Excel
spreadsheet, coded appropriately and cleaned from any inad-
vertent errors. This was then transferred to SPSS for Windows
version 19 (SPSS Inc., Chicago, IL, USA), where analysis
was carried out. Normally distributed samples were presented
as means and standard deviation and non-normal as median
(interquartile range; 25th and 75th percentile). To compare
paired non-normal data, Wilcoxon signed rank test was used.
To compare independent groups, Student’s t test was used to
compare normal variables in two different groups (responder
and non-responder) and Mann-Whitney U test were used
for non-normal variables. A two-sided p value of < 0.05
was considered statistically significant.

Results

Baseline characteristics

This study included 67 patients with rheumatoid arthritis, a
majority of whom were females (54/67). They had mean (±
SD) age and disease duration of 42.9 ± 11.9 and 2.6 ± 2.4 years
respectively, and a majority were rheumatoid factor positive
(57, 85%). Mean (± SD) modified disease activity score (three
variables) at baseline was 5.9 ± 0.9. At baseline, 20 patients
were receiving low-dose steroids and four were on other
DMARDs (all sulfasalazine).

Effect of methotrexate on T-lymphocyte subsets (CD4
and CD8)

The mean (± SD) dose of methotrexate at completion of study,
i.e. 24 weeks was 22.9 (± 3.0) mg per week. The mean (95%
confidence interval) modified disease activity score (three var-
iables) declined by − 1.1 (− 1.3 to − 0.8) to a value of 4.8 (±
1.0) at 24 weeks. There was no change in the frequencies of
the Th1, Th2 or Th17 subsets between baseline and 24 weeks
post-treatment (Table 1). However, the frequency of
CD8+IFNγ+ (Tc1 subset) declined significantly after 24weeks
(p = 0.047). Also there was a slight but significant rise in the
CD8+IL17+ (Tc17 subset) (p = 0.006) (Fig. 2).

Effect of methotrexate on cytokine levels

There was a significant fourfold to fivefold fall in levels of IL-
12 and IL-17 after 24 weeks of treatment with methotrexate.
In addition, the level of IL-10 declined by a log-fold after

24 weeks. In contrast, there was a slight but significant rise
in the level of IL-4 after 24weeks (Fig. 3). However, there was
no significant change in the level of interferon-γ after treat-
ment with methotrexate (Table 2).

Response to methotrexate

Among 61 patients (in whom this detail was available), there
were 34 responders and 27 non-responders to methotrexate at
24 weeks. In non-responders (but not responders), there was a
significant rise in the proportion of CD4+IL17+ and
CD8+IL17+ (Th17 and Tc17 subsets). There was a significant
decline in the IL-12 and IL-10 in responders but not non-
responders to methotrexate. In both groups, there was a
significant fall in levels of IL-17 and rise in IL-4 (Table 3).

Discussion

This study found a significant decline in the circulating
CD8+IFNγ+ subset and a marginal increase in CD8+IL17+

subset after 24 weeks of treatment with methtorexate in rheu-
matoid arthritis. There was no significant change in the CD4
subsets. Also, there was significant decline in circulating IL-
12, IL-17 and IL-10 levels and a mild increase in IL-4 level.

CD8 T-lymphocytes are known to have a major role in
protection against viral infections and tumours and may me-
diate damage in certain autoimmune diseases like multiple
sclerosis, type 1 diabetes mellitus and vitiligo [4, 18]. This is
mediated through the classical subset called the cytotoxic T-
lymphocytes or Tc1 (CD8+IFNγ+) subset [7]. In RA, CD8 T-
lymphocytes are abundant in the synovial fluid and synovium
[19] and show oligoclonality, suggesting an antigen-driven
stimulation [20, 21]. Indeed, one study found the majority of
oligoclonal T-lymphocytes in the synovial compartment to be
CD8 T-lymphocytes [20]. CD8+IFNγ+ cells have also been
shown to be crucial for the formation of ectopic germinal

Table 1 Circulating levels of CD4 and CD8 subsets in patients with
rheumatoid arthritis

Baseline
Median (IQR)

6 months after MTX
Median (IQR)

p value

CD4 subsets

CD4+IL4+ 1.0 (0.4–1.9) 0.9 (0.6–1.7) 0.3

CD4+IL17+ 1.0 (0.6–1.8) 1.3 (0.8–2.1) 0.1

CD4+IFNγ+ 11.8 (6.3–21.4) 11.4 (5.3–19.5) 0.4

CD8 subsets

CD8+IL4+ 0.8 (0.3–1.4) 0.8 (0.3–1.4) 0.9

CD8+IL17+ 0.3 (0.1–0.6) 0.4 (0.2–1.2) 0.006

CD8+IFNγ+ 37.2 (19.4–60.3) 22.7 (8.5–49.7) 0.047
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centres in rheumatoid arthritis synovium, and depleting leads
to disintegration of the germinal centres [22]. Even in some
animal models, CD8 cells seem to be crucial to pathogenesis.
In collagen-induced arthritis, frequency of CD8−/− DBA/1
mice getting arthritis is significantly reduced [23]. Similarly,
in the K/BxNmouse model, monoclonal anti-CD8 therapy led
to disease amelioration [24].

The decline in CD8+IFNγ+ cells after 24 weeks of
methotrexate in our study is similar to that observed by
Schuerwegh et al. after 12 months of methotrexate and
steroid therapy [25]. That was a smaller study on 20 pa-
tients, all of whom received steroids, and methotrexate

was used in a dose of 15 mg per week. These suggest that
methotrexate, which is the gold-standard benchmark drug
in RA, may be working through a reduction in specifically
the CD8+IFNγ+ cells. A major limitation is that we have
not explored the actual cytotoxic ability in terms of granzyme
or perforin expression or carried out in vitro cytotoxicity
assays.

Recently, Carvalheiro et al. in a cross-sectional study found
that CD8 T-lymphocytes in active RA patients exhibited an
active effector phenotype with elevated expression of pro-
inflammatory cytokines like IFNγ, whereas patients in remis-
sion had lower CD8 cytokine production by patients in
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Fig. 2 Scatter-plot and box-and-
whisker plot to show fall in CD8+
IFNγ+ (Tc1) and rise in the CD8+
IL17+(Tc17 subset) after
treatment with methotrexate.
Whiskers denote 10-90th
percentile

Fig. 3 Scatter-plot and box-and-whisker plot to show decline in circulating levels of IL-12, IL-17 and IL-10 but rise in IL-4 after treatment with
methotrexate. Whiskers denote 10-90th percentile



remission [8]. Also, even biological agents like abatacept have
been shown to decrease the CD8+IFNγ+ subset [26]. Thus,
CD8+IFNγ+ seem to be associated with disease activity (and
maybe mediating it), and reduction in this subset may not
be specifically related to methotrexate treatment, but rather
control of disease activity.

The reduction in CD8+IFNγ+ cells may be mediated by the
reduction in IL-12 levels by methotrexate found in this study.
A reduction in IL-12 gene expression in isolated PBMC after
methotrexate treatment has been reported earlier as well [27].
IL-12 has been shown to be important for driving the antigen-
activated CD-8 cells into fully functional effectors (Tc1 sub-
set) [28, 29]. The marginal increase in IL-4, found in this
study, could also contribute to a reduction in these cells. A
previous study also found an increase in gene expression of
IL-4 on methotrexate treatment [30]. However, without direct
cytokine blocking experiments, it is not possible to prove their
role in changes in CD8+IFNγ+ cells.

This study also found a marginal increase in CD8+IL17+

cells, particularly in the responders (along with increase in
CD4+IL17+ cells). Previously, CD8+IL17+ cells have been
shown to be non-functional and not displaying granzyme or
displaying any CTL in vitro [6, 31]. Indeed, mice with lacking
both T-bet and eomdesodermin, in whom CD8 cells secreted
only IL-17 but not IFNγ, were found to get fatally virally
infected, suggesting a lack of effective protection by these
cells [32]. Thus, their increase on methotrexate therapy may
not be associated with higher cytotoxicity. However, they
have also been shown to transform to Tc1 in vivo [6].
Again, the limitation in our study is the lack of data on
perforin and granzyme in this subset. This study also found
a fall in IL-10 levels with methotrexate treatment. This may be
as a result of reduction in CD8+IL10+ cells as has been shown
to be increase in RA patients in the synovial fluid, although
not studied by us [33]. It would be interesting to look at IL-6
and IL-21/23 levels to look at the mechanism of this change.

The present study did not find any significant change in
CD4+ cell subsets (Th1, Th2 and Th17) in patients of RA after
treatment with MTX. Previously varying and often opposing
results have been found. Some studies have found a reduction
in Th1 frequencies [25, 34], whereas other have found a
reduction in Th2 after MTX treatment [35]. Studies have
also found reduction in circulating Th17 subsets after
MTX treatment [36]. Finally, some studies have not found
any change [25, 37].

To conclude, our study suggests that there is a significant
effect of methotrexate (or indirectly though reduction of
disease activity) on CD8+IFNγ+ frequencies that may be
mediated by the reduction in IL-12.

Table 3 Change in levels of CD4 and CD8 subsets and cytokines in responders and non-responders after methotrexate treatment

Responder
N = 34

Non-responder
N = 27

Baseline
Median (IQR)

6 months after MTX
Median (IQR)

p value Baseline
Median (IQR)

6 months after MTX
Median (IQR)

p value

CD4 and CD8 subsets

CD4+IFNγ+ 12.0 (5.9–20.6) 10.0 (4.4–21.4) 0.5 13.0 (6.8–24.4) 12.3 (6.1–17.9) 0.5

CD4+IL4+ 1.1 (0.3–1.8) 1.2 (0.3–1.6) 0.3 0.8 (0.4–2.8) 0.8 (0.6–1.9) 0.2

CD4+IL17+ 1.1 (0.6–2.0) 1.2 (0.6–1.8) 0.9 1.1 (0.3–1.6) 1.4 (0.9–2.5) 0.04

CD8+IFNγ+ 32.3 (15.3–60.7) 21.1 (5.7–48.9) 0.2 39.1 (20.9–59.4) 25.0 (10.6–52.5) 0.1

CD8+IL4+ 0.7 (0.3–1.4) 0.7 (0.3–1.2) 0.8 0.7 (0.3–1.2) 0.9 (0.3–1.3) 0.8

CD8+IL17+ 0.3 (0.1–0.6) 0.4 (0.1–0.9) 0.5 0.3 (0.1–0.7) 0.5 (0.2–1.4) 0.01

Cytokines

IL-12 562.8 (35.8–1411.2) 88.9 (10.2–88.9) 0.005 331.4 (36.0–2430.7) 215.6 (61.9–215.6) 0.092

IFNγ 0 (0–1163.4) 151 (0–3138.1) 0.876 0 (0–2483.7) 70.8 (0–2483.7) 0.551

IL-10 177.0 (0–588.2) 0 (0–54.5) 0.004 200.9 (4–1722.6) 100.0 (0–448.1) 0.136

IL-17 546.7 (56.0–5341.7) 83.8 (0–1022.3) 0.03 556.9 (0–35,809.8) 165.6 (0–1956.2) 0.01

IL-4 305.9 (76.4–3288.8) 342.5 (40.6–886.4) 0.06 395.5 (98.5–7878.3) 454.7 (103.8–850.4) 0.04

Table 2 Circulating levels of cytokines in plasma of patients with
rheumatoid arthritis

Baseline
Median (IQR) (pg/ml)

6 months after MTX
Median (IQR) (pg/ml)

p value

IFNγ 0 (0–1374.5) 52.8 (0–2378.1) 0.58

IL-12 519.2 (40.4–2336.1) 124.7 (23.5–771.9) < 0.001

IL-4 410.9 (10.6.3–3066.4) 448.8 (62.5–840.0) 0.003

IL-10 108.5 (2.0–625.6) 0 (0–204.6) 0.003

IL-17 556.6 (19.5–21,341.0) 118.4 (0–1930.9) < 0.001
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