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Introduction

This author proposes to approach the subject of immunology of multi-
ple sclerosis (MS) from the standpoint of available acute and disease-
modifying therapies (DMTs) and currently known immunologic targets
for them.

This seems to be a sound approach because historically this vision
point has helped to shape and direct our knowledge on MS immunology
and has developed and enriched the field over the years.

Another good reason to adopt this approach is its immediate appli-
cability. By engaging this view, we learn not only MS immunology but
also how various different medications work. And we not only learn how
they work (in other words, mechanism of action or MoA of DMTs) but also
come very close to understanding their potential efficacy, risks, and side
effects. This strategic approach will serve well in understanding emerging
MS therapies.

Unlike many other diseases of the immune system, such as lupus, pso-
riasis, or rheumatoid arthritis, MS has a single target, and that is myelin.
Therefore, we do not expect to see multiple different tissues involved—the
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immune system and central nervous system (CNS) are the fields where the
events take place.

Contrary to many patients’ beliefs, MS is not a disease of a “weak”
immune system; it is a disease of a mistaken immune system. In fact,
immune reactions in MS can prove to be very strong, leading to remark-
able CNS inflammatory reactions and subsequent damage. But the initial
“intentions” of the activated immune system are “good”; it intends to “pro-
tect” the human, the host. There is a hypothesis of strong initial inflam-
matory reaction, which leads to cascades of delayed events in the immune
system; for example, one may have had an episode of acute infection, such
as, for example, mononucleosis, which made a particularly strong and
lasting impression on the immune system, and ever since that episode
the immune system gets itself activated trying to find the offending agent,
virus or bacteria, for weeks, months, or even years and decades after this
particular infection is over. The overzealous protective efforts may get so
intense that even mere resemblance to the offending antigen (e.g., the
encounter of biochemical structures similar to the structures of relevant
viral molecules) may be sufficient to trigger a very strong and destructive
immune reaction. The most acute form of inflammation in MS clinically
presents itself as a relapse or exacerbation.

Particular environmental factors may predispose to ongoing immune
reactions to produce the disease. In addition to the aforementioned infec-
tious exposure, lower levels of vitamin D, increased salt intake, genetic
predisposition, obesity, and tobacco exposure seem to contribute to the
process.

Initially intended as a protective mechanism, reactive inflammation
fails to curb itself to a reasonable or adequate intensity, and chronic pro-
gressive disease develops.

As mentioned earlier, the singular target in MS is myelin represented
specifically in the CNS, and MS is one of the most prominent CNS demy-
elinating conditions.

As the term suggests, demyelination is the key component of this
disease. As you recall, myelin is a layer of “insulation” surrounding the
central nerve fiber or axon. Every fragment of myelin is built by several
layers of a single oligodendrocyte, a CNS cell that rolls its own body and
membranes around the axon multiple times, thus creating the myelin. It
is remarkable that myelin of the CNS is principally different from that of
the peripheral nervous system; the latter is built by Schwann cells and
the peripheral myelin is not a target for MS. Therefore, peripheral neu-
ropathies are rarely seen in patients with MS, unless those are comorbid
or in other words independently developed. As a side note: remember
that the only “nerve” directly involved in MS is the optic nerve, but it is
not a peripheral nerve per se; it is in fact a “continuation” or “processes”
of the brain.
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Destruction of myelin is a result of inflammation, which can be acute,
subacute, and/or chronic. The three conditions can overlap and coexist.
Acute inflammation tends to coincide with the first event of MS or subsequent
MS relapses (acute exacerbation) and/or new, active, or enlarged MS lesion
formation. Events leading to inflammation targeting myelin usually start
outside of the CNS and where the main representation of immune system
tends to be, in hematolymphatic system. Mature activated lymphocytes in
their search of a potential target encounter the blood-brain barrier (BBB) and
gain an increasingly strong ability to cross it; subsequently, they enter the
CNS. Activation of the lymphocytes and increased permeability of the BBB
result from antigen presentation by the antigen-presenting cells, increased
production of proinflammatory cytokines, involvement of the complement
cascade, and increased differentiation of activated aggressive lymphocytes.

Thus, the activation of the immune process is initiated systematically,
resulting in migration of activated immune cells into the CNS where they
get reactivated and their interactions result in parenchymal inflammation;
the acute inflammation in MS may be focal, multifocal, or diffuse and is
characterized by infiltration of activated lymphocytes, macrophages, and
microglia, with involvement of cortex, white matter, and deep gray matter
with myelin destruction; axonal, neuronal, and synaptic loss; astroglial
reaction; remyelination; and synaptic rearrangement.

Indeed, the experimental studies on the intimate mechanisms of
action of the approved or developing drugs for relapsing-remitting MS
(RRMS) provide a strong foundation for understanding the immunology
of MS. Deregulated immune response, including inflammatory cells (e.g.,
T cells, B cells, macrophages) and immune mediators (e.g., cytokines,
chemokines, matrix metalloproteinases, complement), contributes to the
expansion of autoreactive T cells; proinflammatory shifts promote BBB
lymphocyte and monocyte extravasation. It was found that activation of B
cells of patients with MS may contribute to increased BBB permeability.
Regulatory T cells (Tregs) normally control the intensity of an immune
response; however, their regulatory function in patients with MS is dra-
matically impaired. Remarkably, the immunomodulatory role of Tregs
and their suppressive capacity are more affected in the early stages of
the disease. Consistent with this, there are differences in function and
expression of FOXP3 (a master regulator in the development and function
of regulatory T cells). Disease exacerbation of MS is also associated with
loss of the differentiated autoregulatory CD8+ T cells. The regulatory cell
dysfunction in patients with RRMS is especially profound during MS exac-
erbations as compared with the remission periods or in healthy controls.
It was observed that, for example, proinflammatory Th17 cell expansion
in patients with MS is counterbalanced by an expanded CD39+ regulatory
T cell population during remission but not during relapse. Regulatory B
cell (Bregs) subsets were found to be higher during relapse as compared
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with patients with non-clinically active MS. There is a growing body of
evidence that antibodies play an important role in the pathobiology of MS
and MS relapse; IgG antibodies purified from a patient with MS and trans-
ferred to mice with experimental autoimmune encephalomyelitis caused a
dramatic clinical improvement during relapse after selective IgG removal,
whereas passive transfer of patient’s IgG exacerbated motor deficits in ani-
mals. These data provide evidence for a previously unknown mechanism
involved in immune regulation in acute MS.

Destruction of myelin leads to exposure and increased vulnerability
of the axons. According to the data by Bruce Trapp, the number of tran-
sected axons increases with the level of activity in MS lesions, and in active
MS lesions can be more than 11,000. Transected axons indicate perma-
nent damage. Conglomerates of transected axons form permanent CNS
lesions, which subsequently advance the brain tissue volume loss.

Brain tissue loss is the strongest morphologic correlate with MS dis-
ability progression. Therefore, the famous sentence “time is brain” so
actively and successfully used in stroke neurology has its specific rele-
vance to MS as well, with the only difference that, in stroke, time means
minutes and hours and in MS, time means weeks and months. The senti-
ment, however, is the same: Do not delay the start of treatment.

As mentioned earlier, the knowledge on MS immunology grew together
with the continuous and ongoing introduction of different DMTs for MS
treatment. The mechanism of action of different treatments for MS targets
specific “key players” as discussed earlier.

Let us review the targets.

Blood-Brain Barrier

As we remember, increased permeability of the BBB allows activated
aggressive lymphocytes to travel from the bloodstream and into the CNS
(brain, spinal cord, or optic nerves).

High-dose systemic steroids and adrenocorticotrophic hormone,
two Food and Drug Administration (FDA)-approved options for immediate
treatment of MS relapse, are known to dramatically reduce the BBB per-
meability among their other direct and indirect anti-inflammatory func-
tions, helping them to significantly shorten prolongation of disturbing
symptoms associated with MS exacerbation.

While we are on this relevant subject, let us discuss specifically the
specifics of MS relapse treatment.

Relapses (exacerbations, attacks, or flares) are a hallmark of MS and
are often associated with significant functional impairment and decreased
health-related quality of life. For the vast majority of patients with MS,
relapses are the central concern and provoke most of the fears and uncer-
tainty associated with the disease. The unpredictability of MS exacerba-
tions only adds to the notoriety of this entity.
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The generally accepted definition of an MS exacerbation is a new or
worsening neurologic deficit lasting 24 hours or more, in the absence of
fever or infection.

The symptoms associated with MS relapse represent activation of any
demyelinating lesion or lesions located in any segment of the CNS; there-
fore, there may be a broad variety of different signs (which may or may not
replicate previously experienced episodes).

In general, the most commonly seen symptom complexes are related
to new or worsened inflammatory processes involving the optic nerves,
spinal cord, cerebellum, and/or cerebrum. Thus, the symptoms may pres-
ent alone or as a combination of visual disturbances, motor and sensory
impairments, balance issues, and cognitive deficits.

It is important to rule out symptoms that mimic exacerbations but
that do not represent new damage to the nervous system. These pseu-
doexacerbations are caused by an uncovering of older symptoms due to
Uhthoff phenomenon (overheating shortens the duration of action poten-
tials, leading to electrochemical transmission failure along demyelinated
axons); common causes include fever, infections (most commonly seen
urinary tract and upper respiratory infections), and exposure to significant
temperature extremes.

Usually the natural course of most of MS exacerbations completes
itself with a period of repair leading to clinical remission and, sometimes,
especially early in the disease course, to a complete recovery; however,
the residual deficit after an MS relapse may persist and contribute to the
stepwise progression of disability.

There are many reasons to treat an MS relapse:

1. Treatment of MS relapses is important because it may help to shorten
and lessen the disability associated with it.

2. Successful treatment of MS relapse has another important psychologi-
cal aspect: it helps to establish good physician-patient relationship and
to develop in patients with MS a feeling of trust that they may be able
to take control over their disease.

The history of acute relapse treatment in MS reflects well the history of
what we know about MS and how the knowledge evolved. In the early 20th
century, the treatment of choice for an acute MS relapse was bed rest. In
1978, the first medication for MS relapse treatment was approved—adre-
nocorticotropic hormone, or ACTH.

The presumption that the efficacy of ACTH gel results solely from its
corticotropic effects later led to the acceptance of high-dose corticoste-
roids for MS exacerbation treatment. However, more recent data in other
disease states (e.g., nephrotic syndrome, opsoclonus-myoclonus, and
infantile spasms) provide clinical evidence that steroidogenic actions fail
to fully explain the efficacy of ACTH gel in these conditions. In addition,
research into melanocortin peptides and their receptors argues against the
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long-standing belief that the beneficial effect of ACTH depends solely on its
ability to stimulate the release of endogenous corticosteroids and suggests
that further exploration of how best to use ACTH in MS should be consid-
ered. The melanocortin system has many diverse functions in the human
body, including melanogenesis, glucocorticoid production, control of food
intake and energy expenditure, control of sexual function, behavioral
effects, attention, memory, learning, and, important for MS, neuroprotec-
tion, immune modulation, and anti-inflammatory effects. The description of
the melanocortin system and the recognition of the other proposed mecha-
nisms of action of ACTH may help to explain the renewed interest in ACTH.
As mentioned previously, in the 1980s focus shifted to intravenous
methylprednisolone (IVMP) as the preferred treatment option for MS relapse.
Low dosages of systemic steroids were found to be ineffective in
MS, and the dosages from 500 mg to 1 g of IVMP per day became widely
accepted and the preferred regimen.
Ever since ACTH and corticosteroids have been used to treat MS relapses,
it was observed that some cases may not respond to these treatment options.
Several alternatives, including plasmapheresis, cyclophosphamide, or
intravenous immunoglobulin were attempted, but it seems that only the
plasmapheresis option is supported by strong evidence. In 2011, American
Academy of Neurology guidelines recommended plasmapheresis for severe
MS exacerbations not responding to the first-line treatments.

Summary and Practical Recommendations

Adequate diagnosis of MS relapses is essential.

Mild exacerbations may not require steroid treatment.

There is a general consensus that moderate to severe MS exacerba-
tions with disabling symptoms should be treated using high-dose systemic
steroids (intravenous or oral).

m Patients suspected to have a possible relapse should be evaluated within
a week (or 5 working days) of the new or worsening symptom onset;

m If MS relapse is confirmed, start the treatment as soon as possible;

= IVMP 1 g per day for 3 to 5 days is generally recommended as a first choice.

Although not FDA approved, oral administration of high-dose MP may
be suggested.

Patients with MS relapse, who did not respond or did not tolerate the
MP, may be offered another FDA-approved option—ACTH. Given as ACTH
gel, it should be administered either intramuscularly or subcutaneously
(SQ) 80 units a day for at least 5 days and up to 10 to 15 days.

For patients with disabling MS relapse symptoms not responding to
either systemic steroids or ACTH, plasmapheresis should be considered as
an every other day procedure to a total of up to seven exchanges.
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Historically, MS relapse therapies were first introduced for MS treat-
ment back in the 1970s. At that time, the general understanding was that
RRMS is immunologically active mostly during relapses and remissions are
the opposite state, not or much less associated with inflammation. This
view, however, failed to explain the polyphasic nature of MS, with acute
exacerbations being born within the time of seemingly peaceful remissions.

The growing need for relapse prevention presented itself. The new dis-
ease-modification approach arrived.

Indeed, the DMTs are medications that modify the course of a chronic
progressive disease such as MS, ideally improving its long-term prognosis
as compared with the natural history of untreated MS.

The very first DMT introduced back in 1993, interferon (IFN)-beta-1B
or Betaseron (SQ every other day), along with other beta-IFN-1As, such as
Avonex, Rebif, and Plegridy, modulate the immune system in MS and as
a part of their anti-inflammatory action regulate and eventually normal-
ize permeability of the BBB. These have been associated with significant
reduction of MS relapses and also with reduction of new and active mag-
netic resonance imaging (MRI) lesions.

The class of beta-IFNs were developed after the initial unsuccessful
attempts to study gamma-IFNs for MS treatment. The theory stemmed
from the known antiviral properties of the IFNs and understanding of
the potential role of infectious (likely viral ones) in the triggering of MS
debut. However, the gamma-IFNs proved to be harmful and in fact were
shown to exacerbate MS. In contrast, the beta-IFNs, which were studied
next, had shown strong anti-inflammatory effects in MS, believed to be
caused at least partly by regulating the BBB permeability and partly by
peripheral and central direct and indirect shifts in immune system with
results favoring a less inflammatory state. Betaseron became historically
the very first DMT for MS approved and broadly used. Its extensive clinical
research has shown positive results in both clinical and MRI metrics. The
participants of the very first pivotal study of Betaseron in MS DMT were
evaluated 21 years later and were found to have a significantly higher
chance of being alive two decades later as compared with their placebo
counterparts.

The most common side effects of the beta-IFNs are, predictably, flulike
symptoms, well-known symptoms associated with inner IFN production
that we all have a chance to experience during flu seasons as sufferers
from upper respiratory viral infections. Importantly, in patients with MS
with other autoimmune conditions, such as lupus, autoimmune thyroid-
itis, or neuromyelitis optica, the beta-IFN treatment results may not be
positive because of their alternative immune reactions with more anti-
body-driven and interleukin 17 immunity tendencies, and therefore in
such individuals IFNs should be avoided. Finally, it needs to be stated
that, even though the decreased permeability of the BBB seems to play
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an important role in the MoA of beta IFNs, the action is rather regula-
tory and not absolute, and therefore, although significant clinical and MRI
results are achieved, no CNS opportunistic infections were ever observed
or reported. The beta-IFNs are considered truly immunomodulatory DMTs
with a favorable safety profile of variable tolerability.

Another great example of MS medication classically being associated
with the function of the BBB is one of the very robust and potent DMTs,
natalizumab or Tysabri (intravenously [IV] every 4 wk). It blocks the adhe-
sion molecule on the surface of the lymphocytes, preventing their traf-
ficking through the BBB and into the CNS. This results in the unique
opportunity of significant reduction of CNS inflammation, which translates
into a dramatic reduction of relapse frequency, stopping or significantly
slowing the disability progression and strong MRI results demonstrating a
significant reduction in active and newly developed MS lesions. The action
of cell redistribution is so powerful that even minimally physiologically
necessary number of lymphocytes do not seem to be able to cross the BBB,
which, unfortunately, predisposes some patients to opportunistic brain
infection, such as progressive multifocal leukoencephalopathy (PML). The
overall estimated risk of PML in patients administered Tysabri is relatively
small, between 1:10,000 and 1:1000. However, prolonged use of Tysabri,
previous use of immunosupressants, and exposure to the JC virus (JCV)
are the three factors that are known to increase the risk of PML so that in
worst circumstances it can approach roughly 1%. Patients with MS who
have never been previously exposed to natalizumab are in the spectrum
of significantly lower risk of PML, even though some of them may have
been previously exposed to the JCV (in fact, more than half of adult pop-
ulation has been previously exposed to the JCV, which in individuals with
preserved immune system does not cause a disease). If, in addition, these
natalizumab-naive patients never had previously been treated with immu-
nosuppressants such as chemotherapy, then such individuals have one
single risk factor of the three known and their PML risk is still relatively
low. Importantly, simple discontinuation of natalizumab results in resto-
ration of the BBB permeability within few weeks (around 50-60 d); this
can be significantly speeded up by administering of plasmapheresis, which
can rapidly remove natalizumab from the system. This reversibility of the
immunologic effect of natalizumab and the absence of associated lymph-
openia seem to support the opinion that natalizumab is an immunomod-
ulatory drug rather than an immunosuppressive one, although the fact of
associated opportunistic infection such as PML tends to suggest the oppo-
site viewpoint maintaining its potentially immunosuppressive character.

Importantly, following discontinuation of Tysabri the restoration of the
baseline BBB permeability may be associated with the prompt return of
aggressive lymphocytes increasingly trafficking into the CNS and with the
return of MS activity, sometimes referred to as “MS rebound.” If discon-
tinuation of natalizumab (Tysabri) seems to be necessary, the prescriber
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needs to have a sound “exit strategy” to assure firm control over otherwise
potentially serious possibility of returned MS activity.

Another way of decreasing trafficking of aggressive lymphocytes into
the CNS is to minimize their presence in the circulating blood by capturing
those cells in lymphoid organs such as lymph nodes. The medications doing
just that are the S1P receptor modulators such as fingolimod (Gilenya, oral
once a day) and siponimod. The S1P receptor is needed to establish free exit
of lymphocytes from the lymph nodes; once it is blocked, the cells end up
being sequestered inside of the lymphoid tissues, and their presence in the
peripheral blood drops dramatically. In fact, one may expect to see the mere
three-digit numbers of circulating lymphocytes as assessed by the absolute
lymphocyte counts (ALCs) of the complete blood count test. In spite this seem-
ingly severe lymphopenia, the patient is not expected to experience frequent
or unusually severe infections (one should monitor for oneself nevertheless);
it has been proposed that the factual ALC number does not represent the
true state of immune surveillance and may in fact be so-called pseudolymph-
openia. Nevertheless, rare cases of opportunistic infections uniquely asso-
ciated with fingolimod have been reported, including coccideomycosis and
PML. It appears that two possible risk factors here are the patient’s advanced
age and length of fingolimod exposure; remarkably, the level of lymphocytes
and degree of lymphopenia are not among the risk factors.

Higher or lower selectivity of S1P receptor inhibition in different exist-
ing and upcoming DMTs of this class may call for less or more labori-
ous screening pretreatment tests, which include electrocardiography, eye
examination to rule out macular edema, laboratory tests, and observation
following the administration of the first dose. Furthermore, it is important
to keep in mind that those individuals not immune to the varicella zos-
ter virus need to be vaccinated to prevent serious systemic zoster infec-
tions. Fingolimod is classified as an immunomodulatory drug by the FDA,
and indeed, once discontinued, the status quo of the immune system gets
restored within 6 to 8 weeks back to the pretreatment baseline levels.
This supports the notion that lymphocytes indeed get released from the
lymph nodes where they were previously sequestered and do not merely
get reproduced, which would have required a significantly longer time.

Myelin

Myelin itself is undoubtedly a key player in MS pathology. One DMT that
developed out of the copolymer strikingly resembling the myelin basic pro-
tein structure is called glatiramer acetate (GA) or Copaxone (SQ every day
or three times a week).

An interesting fact is that initially the molecule was introduced with
the hope to help create a better animal model for MS. It was expected to
induce MS-like disease in rodents. It is remarkable that, in fact, animals
seem to be much better protected by nature from MS-like conditions, and
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therefore, researchers are always looking into better ways to model MS in
animals. Thus, the copolymer was hoped to induce more robust MS-like
events in animals by being structurally close to myelin. Instead, it repeat-
edly showed the opposite action. Not only was it not inducing the expected
demyelination but in fact it was preventing it from developing and was
treating the existing one. After several more years of laborious research
and development GA was born and approved. It is assumed that its MoA
modulates the immune system via series of different events in the periph-
ery and in the CNS resulting in a more anti-inflammatory immune climate.
The resemblance to the myelin basic protein may play a role in what has
been hypothesized as possible vaccinelike effects. As we see, however, the
BBB function does not seem to have a major role here. Because of this we
may need to be aware of a few things: less robust effects with less impres-
sive MRI results and also no risk of PML or other opportunistic infections.

Free Radicals

Dimethyl fumarate (DMF) (Tecfidera, oral twice a day) is believed to work by
regulating the free radical formation that is involved in inflammatory reac-
tions, and by doing so the DMF creates a less inflammatory environment
in the systems, including the CNS. The medication does not seem to be
active on the level of the BBB, and therefore, immediate robust clinical and
MRI effects should not be expected; however, an early start and monitored
response may place this DMT among good options for the first-line and
early second-line use. Some individuals may run into a problem of lympho-
penia, and because it is impossible to predict who is more likely to be prone
to it, the ALC levels of every patient administered Tecfidera needs to be
checked at least every 6 months, with discontinuation recommended with
an ALC below 500 cells. Neglect to follow this recommendation may pre-
dispose lymphopenic patients to opportunistic infections, including PML.

Common side effects include flushing episodes and gastrointestinal
symptoms, which may create certain tolerability and compliance issues,
but once persevered tend to dissipate with time.

Overall, all three oral therapies can be used as first-line or second-line
agents.

These three drugs do not have similar mechanisms and associated
risks; the only thing they have in common is that all three are oral drugs.
The three should be approached differently.

Cells

In previous sections, as we discussed the role of the BBB permeability,
the phenomenon of sequestration, and the shifts in immunologic states
we already mentioned the lymphocytes. Now we will see how the immune
status can get affected by direct targeting of lymphocytes and their repro-
ductive mechanisms.
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Let us start with the DMT that causes a less dramatic impact on the
cell counts and is associated with no or very rare absolute lymphope-
nia. Teriflunomide (Aubagio, oral daily) blocks a specific mitochondrial
enzyme dehydroorotatedehydrogenase, which is involved in the repro-
duction of fast-developing activated lymphocytes, which account for less
than 15% of functional lymphocytes. One therefore expects to see not
more than 15% of ALC drop, which indeed is a fact. The ALC in a patient
administered Aubagio in general is expected to remain within the normal
range. The cases of lymphopenia are extremely rare. The opportunistic
infections uniquely associated with Aubagio have not been reported. The
common infection rate is close to that of the placebo group. No specific
cancer signal was observed. The medication was classified by the FDA
as an immunomodulatory drug. Teriflunomide demonstrates a clinical
and MRI efficacy comparable with that of the high-dose high-frequency
injectable IFNs, arguably the stronger ones in their class, as it has been
compared head-to-head with Rebif. It has the convenience of oral admin-
istration, good tolerability, and compliance. In addition, it is the only
oral DMT at this point demonstrating reproducible effects in preventing
disability progression in two independent clinical trials. It can be rapidly
eliminated from the system by administration of activated charcoal or
cholestiramin orally for 11 days, a useful property for the patients desir-
ing to get pregnant.

B Lymphocyte Depletion

Here we will discuss ocrelizumab (Ocrevus), which is FDA approved for
RRMS and primary progressive MS, and rituximab (Rituxan), which is
used off-label. Both are used IV roughly every 6 months continuously.
The theory behind the use of the B cell depletion is the increasingly
recognized role of B lymphocytes in MS pathology. They not only serve as
antigen-presenting cells but also act as active producers of immunoglob-
ulins and play an important role in various humoral immune reactions
getting more recognized in the MS process. The medications are clearly
classified by the FDA as immunosuppressive drugs. Indeed, once the drug
is discontinued, it may require many months and even (in the case of
ocrelizumab) longer than a year to see the resurgence of newly developed
B cells. Removing the important player of MS pathology—B lymphocytes—
results in significant clinical and MRI results, affording these DMTs the
well-deserved place among high-efficacy MS medications. It comes as no
surprise that high efficacy frequently associates with higher risks. In this
particular class, to understand the specific risks we need to look closer into
the fundamental role of B lymphocytes in the immune defense. As men-
tioned previously, they develop into antibody-producing cells. Depletion
of B cells leads to decreased antibody production, which may result in
deficiencies in anti-infectious and anticancerogenic surveillance activities.
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Depletion Followed by Reproduction

We discussed previously that MS is a disease of mistaken immune system.
Clearly, the natural reaction would be to attempt to fix the mistake. And
many DMTs we discussed earlier attempt to fix the errors of the immune
system on variably peripheral levels by blocking the immediate results
of the pathological immune reactions. The DMTs we are about to review
now tend to attempt to get closer to the root of the problem, to the very
production of the immune cells. In a nutshell, the idea is to reprogram
the immune system from the very level of bone marrow cell differentia-
tion. Alemtuzumab (Lemtrada, IV, +_two courses 12 mo apart) is the only
currently approved DMT of this class. Designed to recognize and destroy
the mature circulating T and B lymphocytes predominantly, it causes pro-
found acute lymphopenia, which by itself dramatically stimulates the bone
marrow into urgent production of new lymphocytes. The newly reproduced
lymphocytes then get destroyed again by the second course of treatment
12 months later, and the process of reproduction repeats itself. Most
patients with MS were shown to get into long-term remission induced just
by the two initial treatment courses. This DMT, clearly recognized by the
FDA as an immunosupressive drug, is among, if not the, strongest MS
medication. The associated risks are direct results of the unique MoA.
The above-mentioned cell reproduction starts with the resurgence of much
faster reproduced B cells, which may predispose patients to the devel-
opment of certain antibody-driven autoimmune complications, such as
Grave disease, idiopathic thrombocytopenia, and more rare autoimmune
nephropathies. Although these potential complications are treatable,
they should be diagnosed as early as possible. The monitoring requires
monthly blood and urine tests for 4 years following the last Lemtrada infu-
sion (REMS program). Even though this drug is approved in the European
Union as a first-line DMT (given its great and proven promise of long-last-
ing MS remission), in the United States it is generally recommended after
two tried and failed DMTs. Probably because the lymphopenia caused by
alemtuzumab is not long lasting, it has not been associated with PML and
there is no specific cancer signal.

Summary

We reviewed several pharmacologic targets and a majority of available
specific DMTs (Table 2.1).

We discussed the beta-IFNs and glatiramer acetate, which are fre-
quently combined into one section as injectable DMTs. Indeed, they all
need to be injected, as their molecules are fragile and get destroyed in the
gastric tract. Another common feature is that they all are immunomod-
ulatory and as such are not associated with opportunistic infections or



Immunology of Multiple Sclerosis 29

Chapter 2

(pomunuog)

Aydoxyeody ‘A1ants
-uasIadAy “erreonan
‘uorEye[IpOSeA
‘eaudsAp ‘ysel
‘ured 1soy0 ‘suon
-0BaI 911s uonoalur

uorssaxdop ‘saInzies
Ayyedorsueoronuu anjoq
-woy} ‘sTAT ‘suon
-0BaI 9)1s uonoa(ur
‘swoydwAs oIy

BUIOPI
Ienoeul ‘AIuILIIXs
ut ured pue ‘ured reu
-rwopqe ‘ured yoeq

BOSNEU  ‘SHISNUIS ‘BzZUanjjul
pue ‘eayirerp ‘ured
reurwopqe ‘surysnig

‘YSNoo “esy.LIerp
‘SLAT! ‘dydepesHy

BISNeu
pue ‘Suraury) Irey ‘esayl
-Telp ‘1/1v! ‘dyoepeay

S10913d 9PIS

paimbay paxmbay paimbay paxmbay paambay wonydsoeryuo)
oN oN sax sax oN Sururem Td
Axoydrrad SND 01Ul uoneIgu
9U) Ul S[[90 [, I0S S[[92 91400ydwA] sonpax
-saxddns ogroads Sunuasaxd-usgnue Aewr yormgm ‘poorq
Jo uoneAnde pue S® 10® 0] S[[?2 g Jo rexoydriad ur s9140
uonoNpur Moys SONIIqe 9} 20NPaI -oyduwA4] jo Jaqumu
SUWI9)SAS 01)1A UT pue ‘safooydusy guronpaz ‘sapou SNO ur sa1ko0yd
pue srewrue ur d pue [, A10ye[ngalx ydwA] woij ssa159 WA g pue ,ﬁ pareAnoe
S9IpMS "SIAL JO Jo Ay1anoe asealour SS9I)S 9AT) 0} s91hooydui4] jo Jo ToquInU wwosvwm -
stsauagoyyed o) ‘91e)s Aroyewrurefy -eprxo 0} asuodsax Koedeo syoorg = SUIAZUD
10§ 9[qIsuodsax -ur-nue ue oyul Ternyeo ur G ‘v ‘g ‘1 dIS HAOHA SHqIqu] =
9Q 0} PAASIRq ST[90 Iod[ay I, 9ALID PoA[OAUL ST YOTyMm Joy Ayruyye ysiy = T
sassao0ad 0] uonejuasaxd ‘Kemuyed gJaIN Joyempour hleeYsicl
sunuIwr SAYIPOA = uagnue sjodJy = soreAnoe JNQg = 101do001 JIS ™ Axoyenpowounuuuy VOIN Jorig
938320y eL-JNJI DA (JINQ) 2rerewng pouwrrjosurg spruounpuaL jonpoid
Isurerrjery ‘qI-NJI ‘BT-INJI Ayyeuwna

NOILDV 40 SLADYVL ANV SINIAT HSYIAAV ANV STHIdVITHL ONIAJIAON-ASVASIA & ‘
1'C 3'19VL \



Multiple Sclerosis for the Non-Neurologist

30

‘s1so[noiaqn) ‘g, ‘Ayyedoreydoouaosnay reoojinur aarssargord
“TINd {TOOATS auR[AyaATod ‘OHFJ SIS0I[Is o[dnnur ‘SIA {UONOE JO WISTUBYIIW “YOJA SIS [EUONOUN] IAY ‘LT ‘UOIJIUI ‘N] ‘Aydersorpresonosfo

‘0DH 9SBUF0IPAYSPaTL}0I00IPAYSP ‘HAOH ‘W)SAS SNOAIIU [BIUD ‘GND JUNod poo[q 2[dwod ‘g ‘ainssaxd poolq ‘dq ‘9selsjsuerjuruee ‘'Y

-uowt £10ye1oqe] oN

Am[ur J9A1] yued
-grugis A[redruro
ST 9J9Y} JT jUowWI
-JBaI) ANUIUOISIJ ™
ow 9 UeY} 910U
gunsisxad ‘00g>
s1unod AdoyduA]
P syuened ur
Jjuouryea:) gundna
-I9)Ul JOPISUO0)) ™
pareorpur
Areorur|d se sI471
urejqQ ‘paredrput
Areoruro se pue
‘oul g1-9 A19A9
s)159) uay) ‘oul g Joye
uonouny proifyyr, m Hg :surnrejs oy =
ow 9 S1AT ‘09D
‘ST e SLAT ‘DdD = :gun.re)s arojog =

paa1mbazx urior

dd pue ‘souwizuo
JOAT] “}S9) UOOUNY
Areuvowrnd ‘QgD
‘9)el 1Iesy 10}
-Tuowr :SI9YI0
eIpIedApeliq one
-wo)durAs sgeuewr
A[1peal ued yey)
gures e ur asop
181y SunJae)s 1oye
[ 9 J10J pue 210Joq

DOE I0UOI =

Surioyiuowt 4g
orporrad ‘oul 9 X AT
ATypuowt :gunaels 10y =

amssaxd
pooiq ‘1s91 9L ‘1A

*0gp :Sunrejs arojog = Surrojruo

(QANNILNOD)

NOILDV 40 SLADYVI ANV SINIAH HSYIAQV ANV SHIdVIHTHL ONIAJIAON-ASVASIA

1'c 319vVL &‘



Chapter 2 Immunology of Multiple Sclerosis 31

cancer signals. The injectables (beta-IFNs and glatiramer acetate) have
been around since 1990s, are well known, and tend to be viewed as safe. A
careful physician needs to reassess their efficacy on a regular basis, using
clinical and MRI parameters, as not every patient with MS will respond to
them even after a period of initial success (but this, admittedly, is relevant
to all DMTs). Injectables are commonly used as a first-line DMT and at
times as a second-line DMT, although the later becomes less common in
the light of newer DMTs.

Furthermore, we discussed oral DMTs, specifically fingolimod, teri-
flunomide, and dimethyl fumarate.

A good exercise to check your understanding of one important issue
with different DMTs is self-assessment on potential lymphopenia.

Let us look into this.

m Recall that lymphopenia is rare with immunomodulatory DMTs such
as injectables and teriflunomide. In a majority of patients, the ALC
remains within normal limits.

m Recall that lymphopenia is very dramatic and common with fingoli-
mod, because this is exactly how this drug works—by shifting the lym-
phocytes from the circulating blood into the lymph nodes, an action
known as sequestration. A low ALC should not be expected in the set-
ting of fingolimod use (and the drug should not be associated with an
increased risk of infections) and is being viewed by many experts as
pseudo lymphopenia.

m Finally, recall that the ALC numbers seen in the setting of DMF use
actually represent the real numbers, and therefore, if lymphopenia is
seen, it is for real and the DMF needs to be discontinued if the ALC
drops below 500 cells.

Finally, we discussed the infusible DMTs natalizumab, ocrelizumab,
and alemtuzumab, which, despite having strikingly different MoAs and
risk profiles, all are recognized as high-efficacy DMTs.

They tend to be used earlier in patients with MS with unfavorable
prognostic indicators, such as highly active clinical course of MS; fre-
quent and severe relapses; faster disability accumulation including early
presentation of motor, cerebellar, and sphincter deficits; male patients;
and patients of ethnic minority for MS (African Americans, Asians,
Hispanics).

It is important to remember that both ocrelizumab and alemtuzumab
are immunosuppressive agents. Therefore, if the plan is to use natali-
zumab at some point, it should be positioned before any immunosupres-
sive drugs to minimize the potential PML risks.

Although infusible DMTs can be used as a first-line agent in cases of
highly active MS, they are frequently used as second- and third-line agents
in those patients with MS who tried and failed other less risky DMTs.
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