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Can rheumatologists stop causing demyelinating disease?
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Summary

Background: Perhaps the most informative experiments in human disease are clinical trials
and notably, responses to specific therapies can be highly-informative to help understand
disease pathogenesis. There are reagents that inhibit a variety of different autoimmune
conditions, such as CD20 memory B cell depleters that are active in both multiple sclerosis
(MS), rheumatoid arthritis (RA) and other conditions, suggesting influences on common
immune mechanisms in different diseases. However, a notable exception seemed to be the use
of tumour necrosis factor (TNF) inhibitors that limits RA, yet seem to, rarely, trigger
demyelination and induce MS. This was first seen with TNF-inhibiting monoclonal antibodies
and TNF-receptor-immunoglobulin fusion proteins. However, this is also seen with tyrosine and

Janus kinase inhibitors that inhibit RA, yet induce demyelinating disease in some individuals

Purpose: To provide an overview, from a B cell centric perspective, that may underpin the

biology that links arthritis treatments to the development of demyelinating disease.

Conclusions: It is apparent that the disease modifying anti-rheumatoid drugs that cause
demyelination share a number of common features. These agents tend to inhibit TNF-receptor
signalling, augment or exhibit limited inhibitor activity on class-switched memory B cells and
importantly appear to be relatively excluded from the central nervous system (CNS). They will
thus not target ectopic B cell follicles in the CNS, unlike that occurring in peripheral
autoimmunity as seen with anti-TNF treatments in RA. Agents such as ibudilast and some Janus
kinase inhibitors that inhibit TNF and clearly penetrate the CNS do not appear to induce
demyelination and may even be neuroprotective. It remains to be established whether
selection or development of CNS penetrant agents may avoid CNS-complications of treatments

for RA. Clearly, further studies are warranted
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1. Introduction. Multiple sclerosis (MS) is the major demyelinating disease of the central
nervous system (CNS) that affects about 2-3 million people worldwide [1]. This is typically
characterised by relapsing neurological attacks associated with peripheral inflammatory,
mononuclear cell responses entering the CNS, which lead to lesion formation and nerve
damage [1]. The inflammatory response becomes sequestered within the CNS and also appears
to drive a slow, glial-associated, neurodegeneration, that becomes clinically apparent as the
compensatory mechanisms become exhausted [1]. These processes both occur from disease
onset until death, but to date therapy has focused on the inhibition of the peripheral immune

response to inhibit relapsing and active or relapsing progressive MS [1,2].

2 Routes to understanding autoimmunity and CNS demyelination. Although, there are
many routes to understand MS, ideas based on animal studies have perhaps been the most
influential in generating ideas of common treatment modalities in autoimmunity. This has led
to a focus on targeting CD4 Th1/Th17 responses [3,4]. However, the most informative
experiments that lead to understanding of MS are human clinical trials. Positive and well-
constructed and implemented, negative trials are highly informative [5-7]. As such it appears
that all agents that inhibit relapsing MS, serve to limit the accumulation of memory B cell
subsets into the CNS [8,9]. This is consistent with the aetiology, genetics, pathology of MS and
the hierarchy of response to therapy [9] and contrasts with the limited inhibitory effect of
CD20-B cell depletion in animal models of MS, which are largely CD4 T cell-mediated [10].
CD20 depleting antibodies are licenced for both rheumatoid arthritis and MS [11,12],

supporting the view that there are common pathways in autoimmunity (Figure 1).

However, in contrast to the potent inhibitory effect of tumour necrosis factor (TNF) inhibitors
in rheumatoid arthritis and promise in animal models of MS [13-15], peripheral TNF inhibition
failed to inhibit or exacerbated MS in some people [16-19]. Furthermore, peripheral nerve and
CNS demyelination appeared to be a side effect of the use of TNF-specific antibodies and TNF-
receptor immunoglobulin fusion proteins [16-19]. In addition, it has been found that MS-
associated genetic variants (TNFRSF1A, CD120a), which supports expression of a soluble form
of TNF-receptor I to reduce TNF activity, can worsen CNS inflammation and support the
observations with TNF-inhibitors [20]. Whilst there are a number of different potential
explanations for this activity [17, 18], consistent with the view that disease modifying
treatments (DMT) for MS inhibit memory B cells, TNF-specific antibodies failed to inhibit or
increase the absolute number of class switched memory B cells in some individuals [21, 22].
However, as arthritis, MS and other autoimmune conditions, respond to CD20-depleting
antibodies in a manner that seems to relate to memory B cell depletion [8,9,23,24], suggests
that other mechanisms are needed to explain the dichotomy in disease inhibition by TNF

blockers in rheumatoid arthritis compared with MS.

Interestingly, demyelination is seen as a rare side-effect by an increasing number of other

disease modifying anti-rheumatoid drugs (DMARDS) used in arthritic diseases [25] and



therefore interrogation of the properties of these agents may identify common mechanisms
that explain the response to therapy of DMARDS and their capacity to induce MS. It was
hypothesised that CNS-penetration and lack of effective central TNF inhibition may be
associated with failure to control CNS demyelinating disease [15]. Although alternative
explanations have been made [17, 18], a B cell centric mechanism is explored that can

accommodate the clinical observations

3.1 Tumour necrosis factor inhibitors. Although TNF blockers, such as infliximab,
adalimumab and etanercept are potent inhibitors of rheumatoid arthritis, their use has
increasingly been associated with the development of demyelinating disease [17-19]. These
include: MS, optic neuritis, acute transverse myelitis, as well as peripheral nervous system
disorders such as Guillain-Barré syndrome, Miller Fisher syndrome, chronic inflammatory
demyelinating polyneuropathy, multifocal motor neuropathy with conduction block,
mononeuropathy multiplex, and axonal sensorimotor polyneuropathy, although whether these
are coincidental or side-effects is unclear [17-19]. Antibodies and immunoglobulin fusion
proteins have a low capacity to cross the blood brain barrier and therefore are unlikely to have
significant on-target effects in the CNS compared to peripheral issues [26]. Indeed, it has been
reported that TNF-inhibiting monoclonal antibodies do not appear to inhibit central TNF levels
[27, 28], in contrast to TNF inhibition in arthritic joints [29] There are a number of possible
explanations that account for TNF-induced demyelination [17,30]. Examination of the impact

of other DMARDS may provide insight into possible effects of anti-TNF reagents.

3.2 Tyrosine kinase inhibitors. Imatinib mesylate is a first generation tyrosine kinase
inhibitor that acts on the breakpoint cluster region-Abelson tyrosine kinase and other kinases
involved in signal transduction that can slow cell growth or result in programmed cell death of
certain types of cancer cells and has been used as a DMARD [31-33]. This agent can inhibit
TNF production [34, 35] and has been associated with the development of CNS demyelination
[36,37]. This potential problem is also seen with a number of second generation tyrosine kinase
inhibitors where peripheral and central demyelinating disease is evident in some people treated
with nilotinib [38,39] and peripheral demyelination has been associated with use of dasatinib
[40,41].

Tyrosine kinase inhibition can be associated with lower immunoglobulin level and there was a
modest reduction of class-switched IgG memory B cells with imatinib, nilotinib and dasatinib
treatment [42]. However, they also inhibit Bruton's tyrosine kinase, which can block B cell
function [42]. It is evident that imatinib is a p-glycoprotein (ABCB1) substrate and is largely
excluded from the CNS [43, 44]. Likewise, nilotinib is largely excluded from the cerebrospinal
fluid (CSF) with a CSF/plasma ratio of about 0.19%-0.53% [45,46]. Although it has been
reported that dasatinib crosses the blood-brain barrier [47], like imatinib, it is an ABCB1 and
ABCG2 substrate that limits penetration and the drug exhibits relatively low permeability with
a CSF/plasma ratio of about 3.9% [48,49]. As such the CNS potency [47] over that reported



for imatinib may relate to the higher potency at the target rather than enhanced CNS
penetration [49]. Therefore, there appears to be mechanistic similarities with TNF-specific

neutralizing antibodies.

3.3 Janus kinase inhibitors. JAK kinases (JAK1, JAK2, JAK3 and TYK2 tyrosine kinase two)
are a group of tyrosine kinases that transduce cytokine-mediated signals notably IL-4, IL-6,
IL-7, IL-9, IL-15, IL-21, and interferon gamma [50] and a number have been used in
rheumatoid arthritis [50,51]. Tofacitinib citrate which inhibits JAK1/JAK3 is approved for
treatment of adults with moderately to severely active rheumatoid arthritis who have had an
inadequate response to, or who are intolerant of, methotrexate [50]. Tofacitinib has recently
been reported to induce CNS demyelination [52], again treatment can lead to a reduction in
TNF production, although this effect is not probably direct [50,53]. Ruxolitinib, a JAK1/JAK2
inhibitor has been associated with a few case reports of peripheral neuropathy [54, 55].
Baricitinib is an JAK1/JAK2 inhibitor is another DMARD that likewise can inhibit TNF but this
does not seem to induce CNS demyelination [50,56]. Both tofacitinib and baricitinib are
associated with increases in class switched memory B cells in some individuals [57,58].
However the notable difference between these agents are that there is CNS penetration of
baricitinib, with a cerebrospinal fluid:plasma ratio of about 20%, compared with about 0.1%
for tofacitinib and 3.5% for ruxolitinib [59].

3.4 Interleukin-six receptor inhibitors. Tocilizumab is a humanized monoclonal antibody
against soluble and membrane-bound human interleukin-6 receptors that is used in moderate
to severe rheumatoid arthritis [60]. Whilst use of this DMARD has also been associated with
the development of MS [61], this is a rare event and may not be causally related [62]. Although
the mechanistic action is distinct from TNF-inhibitors there are some functional similarities.
This antibody can inhibit the production of pro-inflammatory cytokines, including interleukin 6
and indirectly TNF [63]. Furthermore, it either fails to inhibit or enhances the absolute number
of class-switched memory B cells and plasmablasts [61,64], but could reduce peripheral plasma
cell activity [65]. Indeed, this may offer benefit in neuromyelitis optica spectrum disorders and
myelin oligodendrocyte glycoprotein IgG associated disorder associated with peripheral and
central neuro-antigen specific IgG that can induce demyelinating diseases [66-68]. This is
supported by the findings with satralizumab that also targets the interleukin-6 receptor and
multiple sclerosis was not a noted side-effect [69,70]. However, in the case report where MS
developed, it occurred many years after initiation of tocilizumab [61] suggesting this is unlikely

to be a major problem [62]. Indeed, it has been suggested it could be beneficial [71].

3.5 TNF-inhibiting phosphodiesterase four inhibitors. As soon as TNF-inhibitors were
suggested to be important in the control of experimental neuroimmunological disease, it was
reported that phosphodiesterase inhibitors were potent TNF/Lymphotoxin inhibitors that could
have value in controlling MS [72-74]. Rolipram, pentoxifylline and ibudilast, which are not

approved for use in arthritis, have all been reported to penetrate the central nervous system



[75, 76]. Whilst a clinical trial in MS with rolipram was terminated due to apparent lesional
enhancement and augmentation of CD86+ (memory) B cell activity [77], significant lesion
enhancement was not evident in studies with ibudilast [78, 79] and pentoxifylline does not also
appear to worsen demyelinating disease [80,81]. Although CNS penetration of rolipram in
rodents occurs, this is less evident at human relevant doses [76], which are restricted by dose-
related gastrointestinal and emetic side-effects that do not affect rodents as they cannot vomit.
Therefore, the degree of central TNF inhibition by rolipram is unknown. Ibudilast has been used
at much higher doses than rolipram in multiple sclerosis [77-79,82, 83]. Ibudilast may induce
neuroprotective effects in MS [79,83] and has been reported to inhibit neuropathic pain in
rodents [75]. However, not all clinical results are consistent with the views presented here and
apremilast is a DMARD that can be used in psoriatic arthritis that inhibits TNF activity [84, 85].
However, this is reported to have a brain/plasma concentration ratio of <0.1 and is unlikely to
enter the brain [85] and in contrast to other peripherally active TNF inhibitors, it has not yet

been associated with development of demyelinating disease.

3.6 Immune checkpoint inhibitors same result, different mechanism? There are other
classes of agents that may cause the development of demyelinating diseases and this includes
a variety of immune-checkpoint inhibitors, developed for the treatment of cancers [86]. These
include nivolumab and pembrolizumab that block the programmed cell death-1 (PD-1/CD279)
receptor, atezolizumab that blocks the programmed cell death ligand one (PD-L1/CD274) and
ipilimumab that blocks cytotoxic T lymphocyte antigen four (CTLA4/CD152), notably on T and
B cells [86]. Immune checkpoint inhibitors are thought to act by releasing T cells from inhibitory
regulation and apoptotic pathways [87]. Blockade of PD-1 or CTLA4 with antibodies has
generally had minimal impact on memory B cells [88]. However, adverse immune reactions
have been associated with enhanced memory B cell (CD21'°%) subset/plasmablast responses
[88]. Again being antibodies, they will have limited penetration into the central nervous system
and thus have some similarities with the tyrosine kinase inhibitors. However, such immune-
checkpoint inhibitors may augment TNF responses and induce arthritis generally lacking
rheumatoid factor [89,90]. Importantly, both checkpoint inhibitor-induced arthritis and
demyelinating conditions may respond to TNF-blocking therapy [91, 92]. This suggests that
the aetiological demyelinating mechanisms of immune checkpoint inhibitors, such as through
influences on immune regulation are distinct from the demyelinating DMARDS, associated with
the use of TNF-inhibitors.

4. Inhibition of central nervous system TNF as a means to halt demyelinating disease.
Whilst targeting peripheral B cells in arthritis, MS and other diseases, notably cells within the
memory B cell population, inhibits disease activity in established autoimmunity [23, 24].
Synovial B cells serve to activate autoreactive T cells [93] and therefore events within the CNS
are likely to be key to the treatment of MS. Tumour necrosis factor alpha and particularly TNF
beta (lymphotoxin) are important in the formation and maintenance of lymphoid architecture

and B cell follicles [94]. Ectopic lymphoid structures develop in arthritic joints, but are present



in sites of inflammation in target tissues in a number of autoimmune diseases including
Sjogren's syndrome, myasthenia gravis, and systemic lupus erythematosus [94]. Importantly,
they occur in MS where they may play a role in chronic neurodegeneration [94-96]. Production
of oligoclonal antibody is a characteristic, early feature of B cells sequestered with the CNS
that may produce cytokines and antibodies that contribute to cortical and white matter lesions
and glia activity possibly via Fc receptor activation [95,96]. Therefore, it may be of relevance
that TNF-blockade can reverse formation of follicles in the joints in arthritis, at least in a subset
of patients, would suggest that TNF-a can play a non-redundant role in ectopic follicle
maintenance over and above lymphotoxin [97]. It seems that TNF inhibition blocks the
induction of T cell-dependent humoral responses [98]. Importantly, successful anti-TNF
immunotherapy is associated with reductions in synovial plasma cell humbers and ectopic
follicles [99]. Therefore, lack of sufficient TNF-inhibition within the CNS to block local B cell

function may be key feature for augmentation of demyelinating disease (Figure 1).

5. Future Perspectives. Whilst there are other explanations in addition to activities on B cells,
such as the inability to block T cells or to control latent infections that may account for activity
[17, 100], it remains to be established if TNF can be specifically-targeted within the CNS to
provide benefit in MS. Perhaps there could be selective targeting of specific TNF alpha ligands
and/or TNF receptor isoforms within the CNS, in particular soluble TNFa and TNFR1, while
sparing transmembrane TNFa-TNFR2/CD120b signalling pathways that may promote
remyelination, repair and neuroprotection [101,102]. This may be less likely to result in new
onset or worsening demyelination compared to non-selective inhibition. Whilst it is likely that
agents targeting TNF pathways will be generated for use in RA [101], it remains to be seen
whether fear of targeting TNF-pathways in MS, created by the use of non-selective TNF
inhibitors, can be overcome by a better understanding of the beneficial and deleterious effects
of selective inhibition of the various TNF-related biological pathways [102]. Likewise, it remains
to be established whether selection or development of CNS-penetrant agents, such as small
molecules [101], may avoid the rare CNS-complications of treatments for RA. Clearly, further

studies are warranted
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Figure legends

Figure 1. Potential difference between anti-TNF therapy in arthritis and multiple
sclerosis. Tumour necrosis factor inhibiting agents generate peripheral pathogenic memory B
cells that can activate T cells and enter tissues to cause disease. Some agents fail to enter the
central nervous system and therefore do not stop the development of blood brain barrier
dysfunction and the formation of B cell follicles that develop due to differentiation of memory
B cells or via growth factor support of the plasma cell niche. Cytokines and locally-produced
antibodies stimulate the innate and adaptive immune systems to induce tissue damage. In
arthritis these agents penetrate the tissue and halt the damaging immune responses. Created
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