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Abstract

Background. Treatment with methotrexate (MTX) in patients with rheumatoid arthritis (RA)
leads to decreased total immunoglobulin (1g) levels and impairs vaccine-specific IgG antibody
levels following pneumococcal vaccination. The mechanisms by which MTX exerts these
effects in RA are unknown. We aimed to evaluate whether MTX reduces vaccine-specific
serum Ig levels and their functionality in RA patients following vaccination with
pneumococcal conjugate vaccine, and if numbers of antigen-specific circulating plasmablasts

are affected.

Methods. Ten patients with RA on MTX and 10 RA patients without disease modifying anti-
rheumatic drug (DMARD) were immunized with a dose 13-valent pneumococcal conjugate
vaccine (Prevenarl3). Circulating plasmablasts producing total IgG and IgA as well as
specific 1gG and IgA against two pneumococcal capsular serotypes (6B and 23F) were
enumerated using ELISPOT 6 days after vaccination. IgG levels against both these serotypes
were determined with ELISA before and 4-6 weeks after vaccination. Positive antibody
response was defined as >2-fold increase of pre-vaccination antibody levels. The functionality
of vaccine specific antibodies to serotype 23F was evaluated by measuring their ability to
opsonize bacteria using opsonophagocytic assay (OPA) in 4 randomly chosen RA patients on

MTX and 4 RA patients without DMARD.

Results. After vaccination, RA patients on MTX showed significant increase in pre- to
postvaccination antibody levels for 6B (p<0.05), while patients without DMARD had
significant increases for both 6B and 23F (p<0.05 and p<0.01, respectively). Only 10% of RA
on MTX and 40% of RA patients without DMARD showed positive post-vaccination
antibody responses for both serotypes. Increased opsonizing ability after vaccination was

detected in 1 of 4 RA patients on MTX and 3 of 4 patients on RA without DMARD.



However, numbers of circulating total and vaccine-specific 1gG- or IgA-producing

plasmablasts did not differ between RA patients with or without MTX.

Conclusions. MTX treatment in RA leads to reduced vaccine-specific antibody responses and
their functionality compared to untreated RA following pneumococcal vaccination using

polysaccharide-protein conjugate vaccine. However, since there was no reduction in numbers
of circulating total or vaccine-specific antibody-producing plasmablasts after vaccination this

effect is probably not due to reduced activation of B cells in lymphoid tissue.

Keywords: methotrexate, rheumatoid arthritis, circulating B cells, pneumococcal vaccination,

antibody responses.
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Background

Methotrexate (MTX) is a folic acid antagonist used for the treatment of various malignancies.
Low dose MTX (<25 mg/week) seems to have more anti-inflammatory than anti-proliferative
properties and is widely used for treatment of several chronic inflammatory diseases including
rheumatic diseases, psoriasis or inflammatory bowel disease [1]. The effectiveness of MTX in
rheumatoid arthritis (RA) has been demonstrated in numerous studies and MTX is currently
considered as an anchor disease modifying anti-rheumatic drug (DMARD) in RA [2].
However, the mechanisms by which MTX performs its disease-modifying effects are not
entirely elucidated and several hypotheses have been presented of which one is suppression of

B cell function (1-5).

B cells play an important role in the pathogenesis of RA. A variety of autoantibodies
including antibody against citrullinated peptides (ACPA) can be found years before clinical
onset of disease. The presence of ACPA and rheumatoid factor (RF) in patients with
established RA are recognized markers of more severe disease. The importance of B cells in
RA has re-gained attention since B cell depletion therapy has been proven efficacious in RA.
The effects of MTX on the B cell compartment in patients with juvenile chronic arthritis has
been studied and revealed significantly lower serum immunoglobulin (Ig) levels and
proportions of transitional B cells in these patients compared to patients treated with TNF
inhibitors or to patients not receiving DMARDSs (6). In RA we previously reported decreased
total Ig levels in patients treated with MTX compared to TNF inhibitors (7). Also, MTX
treatment in systemic lupus erythematosus (SLE) patients was associated with decreased
levels of total 1gG, IgA and IgM compared to SLE patients without MTX treatment (8).We
and others have also observed lower vaccine-specific IgG levels following pneumococcal and
influenza vaccination in arthritis patients treated with MTX compared to those on TNF

inhibitors, to those without DMARD and to healthy controls (9-13).
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The objective of the present study was to investigate whether the effect of MTX on vaccine-
specific serum immunoglobulin levels could be due to reduced activation of B cells by
analyzing total and vaccine-specific circulating plasmablasts in RA patients. To this end, RA
patients with or without MTX treatment were immunized with one dose of a 13-valent
pneumococcal conjugate vaccine. Six days after vaccination we enumerated circulating
plasmablasts producing total and vaccine-specific 1gG and IgA, as well as vaccine-specific
serum antibody levels before and 4-6 weeks after vaccination. As vaccine antigens in the
immunoassays we chose two different pneumococcal capsular polysaccharides (6B and 23F)
included in the vaccine since these two antigens are known to be associated with invasive

infections (14).

Methods
Study patients

Twenty patients with RA fulfilling the ACR 1987 classification criteria for RA (15), who
were regularly followed up at the Rheumatology department in Lund, Skane University
Hospital Sweden, were prospectively included in the study between December 2012 and
September 2013. Ten randomly chosen RA patients treated with MTX in a stabile dose
without any other DMARD and 10 RA patients not taking any DMARD were included into
the study. In order to avoid the possible immunological effect of smoking or prednisolone,
only non-smokers and patients not treated with systemic steroids were recruited. In addition,
only patients who had not received pneumococcal vaccination within five years prior the
study entry were eligible. However, none of patients had received pneumococcal vaccination

previously. All participants were immunized with a single dose (0.5 ml) of 13-valent



pneumococcal conjugate vaccine (Prevenar13) administrated intramuscularly. Blood samples

were taken immediately before vaccination, after 6 days and 4-6 weeks following vaccination.
Isolation of lymphocytes

Peripheral blood mononuclear cells (PBMC) were isolated by density gradient centrifugation
on Lymphoprep™ (Axis-Shield PoC AS, Oslo, Norway). Interface PBMCs were collected,
washed three times with phosphate buffer (PBS) (HyClone™, Logan, USA) and resuspended
in complete medium consisting of Iscove’s medium (Sigma- Aldrich, St. Louis, USA)
supplemented with 5% fetal bovine serum (FBS; HyClone™), 50 pg/ml gentamicin (Sigma-
Aldrich) and 1 mM L-glutamine (Sigma-Aldrich). Cell suspensions were kept on ice prior to

being assayed for numbers of antibody-secreting cells (ASCs).

Enumeration of antibody-secreting cells by ELISPOT

Frequencies of total and serotype-specific ASCs using unstimulated freshly isolated PBMCs
were determined by enzyme-linked immunospot assay (ELISPOT). Wells of mixed cellulose
ester membrane 96 well MultiScreen HA plates (Millipore, Billerica, MA) were coated with
50 and 200 pg/ml of pneumococcal polysaccharide type 23F (Danish designation 23F) or type
6B (Danish designation 6B) (ATCC Manassas, VA, USA). For detection of total IgA and
IgG, wells were coated with 5 pg/ml of affinity purified goat antibodies to the F(ab”)2
fragment of human IgG (Jackson ImmunoResearch Laboratories, Inc., West Grove, PA).
Control wells were coated with 10 pg/ml of bovine serum albumin (BSA; Sigma-Aldrich).
The plates were coated overnight at 4°C and then washed four times with PBS, blocked with
complete medium (Iscoves medium containing 5% FBS) and incubated at 37°C in 5% CO- for
30 minutes. The blocking was removed and different dilutions of cells in complete medium

were added to the plates and incubated for 4 hours at 37°C in 5% CO:. Plates were washed



three times with PBS and four times with PBS with 0.05% Tween 20 and incubated with
peroxidase-conjugated affinity purified goat anti human IgA or 1gG (Jackson
ImmunoResearch Laboratories, Inc., West Grove, PA) diluted 1:1000 in PBS -Tween with
BSA at 4°C overnight. Plates were then washed four times with PBS-Tween and three times
with PBS and exposed to 0.3 mg/ml of 3-amino-9-ethylcarbazole (Sigma) and 0.015% H20:
in 0.1 M sodium acetate, pH 5.0 for 15 minutes. The plates were rinsed with tap water and
dried in the dark. The spots were enumerated under magnification (x40) in a blinded fashion

from at least two dilutions (16).

Detection of vaccine-specific antibody levels in serum

Levels of serotype-specific pneumococcal 1gG to 23F and 6B were measured using the WHO
standard ELISA for quantitation of human IgG antibodies specific for S. pneumoniae capsular
polysaccharides (Pn PS ELISA), as previously described (17). Briefly, ELISA plates were
coated with 1 pg Pn PS 6B or 23F. In order to diminish nonspecific binding to capsular
polysaccharides, dilutions of human sera were absorbed with pneumococcal PS and then
added to the ELISA plates. Goat anti-human IgG antibodies, conjugated with alkaline
phosphatase, followed by addition of the substrate, nitrophenyl phosphate, were used for the
detection of serotype-specific antibodies (anti-6B and anti-23F 1gG). The optical density,
proportional to the amount of anti-6B and anti-23F 1gG present in the serum, was measured
with an ELISA plate reader at 405nm. The assay was calibrated with an international
reference serum that was kindly provided by Dr C. Frasch, Bethesda, MD, USA (18).The
lower limit of detection was 0.01 mg/l. A vaccine antibody response was defined as a >2-fold

increase in pre-vaccination specific antibody level.



Opsonophagocytic assay (OPA)

In order to evaluate the functionality of the antibodies, i.e. the ability to opsonize bacteria that
leads to phagocytosis, OPA was performed on pneumococci of serotype 23F using serum
collected before and 4-6 weeks after vaccination from 8 randomly chosen patients who
participated in the study (4 patients with RA treated with MTX and 4 patients with RA
without DMARD). As previously described, pneumococci of serotype 23F were cultured,
killed by addition of glutaraldehyde, incubated for 20-30 minutes in the dark with FITC
(F7250, Sigma-Aldrich, St. Louis, MO, USA) in sodium carbonate buffer, and subsequently
washed three times in VBS-CaMg (veronal buffered saline with 0.15 mM Ca2+ and 0.5 mM
Mg2+) (19,20). Twenty pL of FITC-labeled bacteria (5x107/mL) suspended in VBS-CaMg
were incubated with 10 pL of heat-inactivated patient or control serum (prediluted 1/16 in
VBS-CaMg) for 30 minutes at 37°C. Subsequently 20 uL of baby rabbit serum (CL3441,
Cedarlane, USA) was added and incubation was continued for 30 minutes at 37°C.
Polymorphonuclear neutrophils from healthy donors were preincubated with PE-labeled anti-
CD66 (551480, BD Biosciences, Franklin Lakes, NJ, USA) and subsequently added to the
opsonized bacteria at a final concentration of 800 cells/mL. After incubation for 30 minutes at
37 °C, cells were analyzed with BD Accuri C6 (BD Biosciences) and numbers of cells with
uptake of bacteria were calculated (20). Results were expressed as proportion (%) of
polymorphonuclear cells with significant uptake of bacteria before and after vaccination.
Inter- assay variation was compensated for by adjusting values to the mean value of a serum
with high opsonizing ability, included in each analysis. A negative control consisting of

bacteria preincubated only with BSA and no serum was also included in each analysis.

Statistical analysis



Demographic, disease and treatment characteristics of RA patients with MTX and RA patients
not receiving any DMARD were compared using Mann-Whitney U-test (continuous
variables) and Chi-square test (categorical variables). Pre- and post-vaccination geometric
mean antibody levels (GML) were calculated from logarithmic transformed values.
Differences in pre- and post-vaccination antibody levels for each serotype were compared
using Wilcoxon test, while differences in antibody levels between treatment groups were
calculated using Mann-Whitney U test. Proportions of patients responding to the vaccine were

compared using Chi-square test. A p-value <0.05 was regarded as statistically significant.

Results

Demographic, disease and treatment characteristics of the study population are summarized in
Table 1. RA patients on MTX treatment had significantly longer disease duration, lower
number of swollen and tender joints, lower ESR and lower functional score according to HAQ
compared to RA patients without DMARD treatment. No previous invasive pneumococcal

infection was reported among patients who participated in the study.

Patients on MTX treatment showed a significant increase in specific antibody levels only for
serotype 6B 4-6 weeks after vaccination with the pneumococcal conjugate vaccine (p<0.05)
(Figure 1 A and B). Of note, only one MTX treated patients had an obvious pre- to post-
vaccination increase in antibody levels for serotype 6B while remaining 9 patients showed
slight or no increase at all (Figure 1 A). RA patients without DMARD exhibited significant
increase in post-vaccination levels for both serotypes (p<0.05 and p<0.01, respectively)
(Figure 1 C and D). In accordance, post-vaccination antibody levels against serotype 23F
were significantly lower in RA patients receiving MTX compared to RA patients without

DMARD (p=0.007; Table 2), while post-vaccination antibody levels for serotype 6B did not
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differ significantly between the groups (Table 2). The proportions of RA patients on MTX
with positive vaccine-specific antibody response for serotype 6B, 23F and 6B+23F are shown
in Figure 2. Only one out of 10 RA patients on MTX was vaccine responders to both serotype

6B and 23F, whereas four out of 10 RA patients without DMARD were vaccine responders.

We also evaluated opsonophagocytic activity on pneumococcal serotype 23 in sera of 8
randomly chosen patients. Only 1 out of 4 (25%) RA patients on MTX developed an increase
in proportion of polymorphonuclear cells with significant opsonophagocytic activity (i.e.
uptake of bacteria) after vaccination compared to before vaccination, while 3 of 4 (75%) RA
patients without DMARD developed an increase in OPA. This is shown in more details in

Additional file 1. The limited number of samples precluded statistical calculations.

When we enumerated the Ig-producing cells six days after vaccination we found that the
numbers of total IgG- and IgA-producing B cells did not differ in RA patients receiving MTX
compared to RA patients without DMARD (Table 3). Likewise, there were no differences in
numbers of 1gG antibody-producing cells specific for serotypes 6B and 23F between the two
RA groups (Table 3, Figure 3). No significant correlation was found between numbers of
antibody secreting cells and antibody titers for any of serotypes. Of note, vaccine-specific

circulating antibody-producing cells of IgA isotype were absent or few (Table 3).

In summary, vaccination with a pneumococcal conjugate vaccine in RA patients resulted in
reduced levels of vaccine-specific serum antibody response and an impaired ability to
opsonize bacteria in those treated with MTX compared to those without DMARD treatment,
whereas there was no difference between the groups in numbers of circulating vaccine-

specific plasmablasts, at least not to the polysaccharide antigens 6B and 23F.

Discussion
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In the present study we aimed at exploring the impact of MTX treatment in RA on B cell
function both as reflected by vaccine-specific serum antibody response, the functionality of
vaccine-specific antibodies and by the induction of vaccine-specific plasmablasts to a
pneumococcal conjugate vaccine. We found that 4-6 weeks after vaccination of RA patients
treated with MTX had lower vaccine-specific antibody levels to pneumococcal capsular
polysaccharides 6B and 23F and an impaired ability to opsonize bacteria than RA patients not
receiving DMARDSs. Our group previously reported impaired antibody responses to the same
pneumococcal serotypes in MTX treated patients with RA compared to spondyloarthopathy
patients not receiving DMARDSs, but RA patients without active treatment were not included
in that study (7). To our knowledge, there are no other published data comparing the
immunogenicity and protective functionality of pneumococcal conjugate vaccine in RA
patients treated with MTX or without DMARD. However, a number of studies reported
diminished antibody response in RA patients on MTX compared to RA without MTX or
healthy controls immunized with pneumococcal polysaccharide vaccine (10-12). In addition,
antibody responses to influenza vaccination in MTX-treated patients with RA was reduced
compared to RA controls without DMARD confirming the negative impact of MTX ona T
cell dependent antibody response (13). Of note, in this study RA patients without MTX had
higher pre-vaccination antibody levels for both serotypes compared to MTX treated patients.
Since none of the patients had previously been vaccinated against pneumococci, this probably

reflects the effect of MTX on antibodies acquired after previous pneumococcal infections.

Suppression of B and T cell proliferation by MTX may be due to inhibition of folic acid-
dependent steps in de novo synthesis of purines and pyrimidines, which results in lower
production of a variety of T cell cytokines important in the T cell stimulation of B cells (1-5).
Immunization of mice with a T cell dependent antigen showed that MTX treatment decreased

the numbers of B cells in the spleen and had a strong inhibitory effect on antigen-specific 1I9G
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levels (21). The conjugation of pneumococcal capsular polysaccharides to a protein carrier
(i.e. CRM 197 diphtheria protein) used in pneumococcal conjugate vaccine provides foreign
protein antigens to the immune system, which is required for a T cell dependent antibody
response. After vaccination naive immature B cells from the bone marrow differentiate either
into short-lived plasma cells or long-lived plasma cells and memory cells in response to the
polysaccharide-protein antigens (22). In the germinal center of the lymph node and spleen,
antigen-specific activated T-helper cells provide signals to the B cells that undergo clonal
proliferation and differentiation into plasmablasts, which secrete antigen-specific antibodies
and exit the lymph node into the circulation (22). In the present study we found that numbers
of vaccine-specific plasmablasts in the peripheral blood 6 days after immunization with
pneumococcal conjugate vaccination were not lower in RA patients treated with MTX
compared with RA patients without any DMARD treatment. Recently it was found that MTX
treatment of children with juvenile chronic arthritis resulted in lower numbers of circulating
transitional/naive B cells compared with those not treated with MTX, but not in reduction of
other maturational stages of B cells. This indicates that early stages of B cell development
might be more susceptible for MTX inhibition than recently activated mature B cells (6).
Another possibility is that MTX affects the numbers of long-lived plasmablasts in the bone

marrow.

There are some limitations to this study. Firstly, the number of patients included in the study
was low, but in spite of this we found significant differences in vaccine responses between the
MTX-treated and the untreated groups. Secondly, we analyzed the antibody response to 2 of
13 serotypes included in the vaccine as we assumed that antibody response to these two
serotypes would reflect the response to other vaccine antigens. The MTX treated patients
responded to only serotype 6B indicating differential immunogenicity of the pneumococcal

capsular polysaccharides although the difference was driven by only one patient having an
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obvious increase in pre- to postvaccination antibody levels to that serotype. Secondly, there
were some significant differences in baseline disease characteristics between the RA
treatment groups as RA without DMARDs included mainly patients with recently diagnosed
RA with higher disease activity. However, the strength of the study are that only patients with
diagnosed with RA were included and that smoking and other anti-rheumatic treatments

including corticosteroids and anti-CD20 antibodies were not permitted.

In conclusion, MTX treatment is associated with decreased levels of vaccine-specific
immunoglobulins and functionality of these antibodies but not numbers of antibody-
producing B cells in RA patients after vaccination with a conjugate pneumococcal vaccine.
Further studies on the B cells and plasma cells in the bone marrow compartment are needed to
enhance our understanding of mechanism of action of low-dose MTX in RA with regard to

the reduced vaccine-specific antibody responses.
List of abbreviations

RA = rheumatoid arthritis; MTX= methotrehate; DMARD= disease modifying anti-rheumatic
drug; Ilg= immunoglobulin; ELISA= enzyme-linked immunosorbent assay; ELSPOT=

enzyme-linked immunospot assay; OPA= opsonophagocytis assay
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Figure 1. Pre- and postvaccination antibody levels (logarithmic transformed values) for
serotype 6B and 23F before and 4-6 weeks after vaccination with a 13-valent pneumococcal
conjugate vaccine in RA patients on MTX (A and B) and RA without DMARD (C and D).
*p<0.05 and **p<0.01 (Wilcoxon test). A p-value <0.05 was regarded as statistically

significant.

Figure 2. Proportions of vaccine responders defined as patients with >2-fold increase in pre-
to postvaccination specific antibody levels for serotype 6B, for serotype 23F and for 6B and

23F combined. ***P=0.007 (Chi-squared test).

Figure 3. Frequency of anti-6B IgG (A) and anti-23F IgG (B) specific antibody-secreting
cells (ASC) in peripheral blood from RA patients on Methotrexate (MTX) compared with RA
patients without any treatment (No DMARD) 6 days after vaccination with a 13-valent
pneumococcal conjugate vaccine. Results are expressed as the median number of ASC per 10°
peripheral blood mononuclear cells (PBMC). Ns= nonsignificant, P> 0.05 (Mann-Whitney U-

test)

Additional file 1. Opsonophagocytic assay (OPA) performed on serotype 23F among 8
randomly chosen RA patients. The figure shows the proportion (%) of polymorphonuclear

cells with significant uptake of bacteria before vaccination and 4-6 weeks after vaccination
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Table 1. Demographic, disease and treatment characteristics of the study population

Rheumatoid arthritis patients

Receiving MTX No DMARD P value
(n=10) (n=10)

Age; years, median 67.4 (39.1-78.6) 67.3 (38.6-86.7) 0.9122
(range)
Sex (% female) 70 80 0.606"
Disease duration at 8 (1-39) 0 (0-12) 0.0352
vaccination; years, median
(range)
ACPA positive (%) 70 50 0.317°
RF positive (%) 80 80 1P
SJC at vaccination (0-28) 0 (0-6) 6.0 (0-17) 0.0112
median (range)
TJC at vaccination (0-28), 0 (0-6) 3.5 (0-15) 0.0072
median (range)
Erosive disease (%) 30 40 0.639°
CRP at vaccination; mg/L, 3.3 (0-11) 5.8 (0-48) 0.436°
median (range)
ESR at vaccination; 15.5 (5-42) 29 (8-46) 0.0282
mm/hour, median (range)
HAQ at vaccination (0-3), 0.3 (0-0.55) 0.6 (0.1-1.9) 0.0302
median (range)
MTX dose; mg/week, 20 (12.5-25) -

median (range)

aMann-Whitney U-test; ® Chi-squared test;

ACPA=antibodies against citrullinated peptides, RF= rheumatoid factor; SJIC= swollen joint
count; TJC=tender joint count; HAQ =health assessment questionnaire; MTX=methotrexate
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Table 2. Pre- and postvaccination geometric mean levels of vaccine-specific anti-6B and anti-
23F IgG in serum

Rheumatoid arthritis patients

Receiving MTX No DMARD
(n=10) (n=10)
Pre anti-6B 1gG; g/L (95% CI)? 1.3 (0.5-32) 2.5(0.7-8.3)
Post anti-6B 1gG: g/L (95% ClI) 2.1(0.7-64) 5.7(21-154)
Pre anti-23F IgG: g/L (95% ClI) 10(0.3-4.1) 24 (1.2-4.7)
1.7 (0.6-4.4) 10.1 (5.2-19.5)°

Post anti-23F 1gG; g/L (95% CI)

3GML (geometric mean levels); °p=0.007 (Mann-Whitney U test)
MTX=Methotrexate, DMARD=disease modifying anti-rheumatic drugs
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Table 3. Postvaccination number of IgG and IgA total and specific antibody-secreting cells

Rheumatoid arthritis patients
Number of Ig-producing Receiving MTX No DMARD

cells/1x105 PBMCs (n=10) (n=10) P value®
Total IgG 195 (10-840)¢ 170 (70-560) 0.78
Anti-6B 1gG 1.25 (0-11.5) 1.75 (0-5) 0.68
Anti-23F 1gG 2.3 (0-34.5) 1.5 (0-4.5) 0.28
Total IgA 65 (5-800) 100 (20-650) 0.38
Anti-6B IgA 0 (0-2.5) 0 (0-2.1) 0.61
Anti-23F IgA 0 (0-1) 0.5 (0-5.5) 0.20

a Median (range) ® Mann-Whitney U test
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