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This paper describes a course I designed to teach
neuroimmunology to undergraduate students. In this course
I incorporated many active learning strategies to help make
it a student-centered class, where they developed
communication skills, while reading and analyzing primary
literature articles. As the field of neuroimmunology is
relatively new, most textbooks in the field approached the
subject from the perspective of neurology and autoimmune
diseases. Therefore, I used reading, analysis, and studentled presentation of primary papers in the classroom to not
only develop critical thinking and application of the scientific

method, but also oral communication skills. Other activities
such as writing New York Times-style articles and literature
review papers were employed to develop written
communications skills. The goal of this article is to provide
a reference tool for instructors trained in neuroscience to
deploy an entire course on neuroimmunology or select a
module or a single paper to incorporate into their existing
course to offer students a taste for neuroimmunology.

As instructors of undergraduate science courses, we are
often confronted with the opposing forces of teaching for
breadth versus depth of content. When surveyed, life
science faculty (Coil et al., 2010) and members of Faculty
for Undergraduate Neuroscience (Kerchner et al., 2012)
ranked critical and integrative thinking as the most important
core competency for undergraduate science courses, and it
ranked higher than basic neuroscience knowledge in the
survey by Kerchner and colleagues (2012). The CREATE
(consider, read, elucidate hypotheses, analyze and interpret
data, and think of the next experiment method is one way to
develop students’ critical thinking and scientific process
skills in the classroom (Hartman et al., 2017). As described
by Sally Hoskins and colleagues, the CREATE method
increases the gain of students’ ability to read and analyze
primary scientific literature while also increasing their
interest in research and researchers (Hoskins et al., 2007;
Hoskins, 2008). The ability to apply the scientific process is
one of the core competencies identified in Vision and
Change in Undergraduate Biology Education: A Call to
Action (American Academy for the Advancement of
Science, 2011).
The ability to communicate effectively is another core
competency identified in Vision and Change (AAAS, 2011).
Not only should students practice written, visual, and oral
communication skills as part of undergraduate biology
education, they should also develop skills to communicate
their ideas to people in other disciplines. By communicating
scientific concepts to peers and people outside their
discipline, it helps student comprehension and integration of
other disciplines. Not surprisingly, both written and oral
communication skills ranked high in importance of life
science process skills (Coil et al., 2010).
In this paper, I describe a neuroimmunology course for
undergraduate neuroscience majors. This course was
based on analyses of primary-literature articles with
emphasis on developing oral and written communication
skills. As the field of neuroimmunology is relatively new, our

understanding is evolving at a rapid pace. By employing
some of the fundamental pedagogical techniques of the
CREATE method, the students not only analyzed primary
papers that are defining the field, but they also witnessed
the evolution of the field in real time. The dogma in the field
of neuroscience for almost a century was that the central
nervous system (CNS) is immune privileged – that is to say,
the CNS is free from immune surveillance, because cells of
the immune system do not cross the blood-brain barrier.
Seminal experiments where tissues were transplanted in the
brain and did not elicit immune-mediated tissue rejection led
to this dogma (Shirai, 1921; Medawar, 1948). It is now clear
there is an intricate relationship between the nervous and
the immune systems, and in this course the students
explored some key primary literature papers that are
elucidating this relationship.
This article provides the class design and the list of
primary literature papers with brief explanation of their
relevance to the field of neuroimmunology. An instructor
teaching this course should have a neuroscience
background and a basic knowledge of immunology which
can be obtained using the textbook described in this article.
Alternatively, this course can be team-taught with an
immunologist.
Even though an entire semester-long
neuroimmunology course is described, an instructor can
adopt just a single module or paper described in this article
into their existing neuroscience or immunology course. In
the following sections, student learning outcomes (SLOs),
course design, and teaching materials (such as the
textbook, primary literature papers, and grading rubrics) are
described and included. Additional primary and review
papers are also included to aid potential instructors with
supplementary background materials.

Key words: neuroimmunology; primary literature; critical
thinking; oral and written communication

CLASS DESIGN
The student learning outcomes (SLOs) for this course were
the following: 1) learn the fundamentals of how the immune
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system works, 2) understand the bidirectional crosstalk
between the immune and the nervous systems, through
critically reading, analyzing, and evaluating primary
literature, and 3) develop oral presentation skills to peers
and written communication techniques of a scientific body of
work to both scientific and non-scientific audiences.
To help achieve the learning outcomes, the course
included six modules or focus areas:
1. The Immune System
2. Immune Molecules In The Nervous System, and
Vice Versa
3. Immune System and Injury to the Nervous System
4. Diseases with Neurological Symptoms
5. Autoimmune Diseases
6. Stress and the Immune System
The textbook and papers used for each module are
described in detail in the next section.
The prerequisite courses for this class were introductory
cell and molecular biology and introductory neuroscience.
As such, most of the students taking this class were thirdyear neuroscience majors. We did not offer an immunology
course, but if such a course were to be added as a
prerequisite, it might make this course inaccessible to many,
leading to enrollment issues. The first module was designed
to achieve the first SLO, to learn the fundamentals of the
immune system. I delivered lectures on the topic of
immunology.
I employed two teaching strategies to
maximize student learning and retention of the information
in a short amount of time. The first was the use of KWL
forms. Before each lecture, the students filled out and
turned in the K and W columns of a KWL (what I know, what
I want to know, what I have learned) chart (Ogle, 1986). This
encouraged the reading of the appropriate chapter before
class. It also informed me of particularly hard concepts to
pay more attention to in lecture. After the lecture, the
students filled out the L column of the chart and turned it in.
For the second teaching strategy, I used concept mapping
(Novak and Musonda, 1991). After each lecture, the
students drew a concept map of the immune system, adding
new content as it was introduced. By the end of the threeweek lecture series, they drew the entire concept map of the
immune system (Figure 1). I found the concept maps
extremely helpful for students in organizing and keeping
track of otherwise complicated interactions in the immune
system. A picture of the completed concept map generated
at the review session for the quiz on immunology was
uploaded onto the class LMS site so that it was readily
available as a resource to the students.
The primary literature papers were presented in the style
of a journal club. Each student had the opportunity to
present twice during the semester: once as a group of two
or three students, and once individually. Before each journal
club, the non-presenting students filled out a discussion
comment. This helped encourage preparedness for the
journal clubs to ensure lively discussions.
Only one paper was presented in the 50-minute class.
After each journal club, the presenters received anonymous
feedback from their peers and a graded feedback from

Figure 1. Concept map of the immune system. The students
started the concept map of the immune system after the first lecture
during class, and after each lecture they added more information.
This was drawn on the whiteboard during the review session at the
end of module 1 and represents the culmination of all the concepts
learned. Solid lines with arrow heads represent development of
cells or effect of molecules. Dotted lines with arrow heads
represent movement of cells. Asterisks represent activation. (DC
= dendritic cells, NØ = neutrophils, MØ = macrophages, NK =
natural killer cells, C3 = complement component 3, MAC =
membrane attack complex, B = B cells, T = T cells, FDC = follicular
dendritic cells, SP = single positive, DP = double positive, CTL =
cytotoxic T lymphocyte, TCR = T cell receptor, MHC = major
histocompatibility complex).

myself on their presentation. The feedback rubrics are in
Appendix 1. I presented the first journal club presentation
to serve as a model for the students. I would often stop and
comment on the actual technique of presentations to
highlight key aspects of a good presentation. I stressed the
importance of providing a clear framework or background
information for the paper being presented (see syllabus in
Appendix 2).
The presentations developed oral
communication skills as well as the skills to facilitate
discussion in a class of about 24 students and to work
collaboratively in groups.
To promote written communication skills, the students
had two writing assignments. One was a New York Timesstyle article where they wrote about a primary literature
article to an audience of non-scientists. Links to sample
articles to be read and emulated were provided in the
syllabus (Appendix 2). After they received the first draft with
comments from me, they were required to ask three people
(a non-biology science major student, a biology major
student, and a non-student) to read and provide feedback
on the legibility and the “level of science” of their article.
They typed up the feedback summary, incorporated any
feedback from the three readers, and edited their final draft
accordingly to address any comments from the readers.
The second written assignment was a literature review
paper to promote scientific writing as well as to synthesize
the current state of the field of neuroimmunology. Blinded
peer-review was incorporated as part of the draft process to
simulate the review process for submissions to scientific
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journals. The literature review was heavily scaffolded to
help break down the otherwise daunting task into smaller
deliverables. Other details on the course materials, such as
grading rubrics on the writing assignment, oral presentation
evaluation forms, and course grade components, see the
Appendices.

TEACHING MATERIALS
Module 1: The Immune System
Typically, an introductory neuroscience course is a secondyear course after the students take the introductory biology
sequence. Thus, from the perspective of prerequisite
courses, there is a significant “entry barrier” for a
neuroimmunology course. Further, if an immunology course
is added as a prerequisite, it would further increase the entry
barrier to the point where enrollment may become an issue.
In addition, many undergraduate biology departments do not
teach immunology as a standalone course. For these
reasons, the first three weeks of the course were dedicated
to teaching students the basics of the immune system. I
found that Sompayrac’s How the Immune System Works
(ISBN 978-1119542124) is an appropriate textbook for the
purposes of this course (Sompayrac, 2019). It is short (168
pages) and easy to read as the writing style is like the author
is having a casual conversation with the reader. This
module focuses on students understanding the key
terminology and concepts about the immune system.
Module 2: Immune Molecules in the Nervous System,
and Vice Versa
This module was centered around the notion of the
separation of the central nervous and the immune systems.
The blood-brain barrier (BBB) describes the blood vessels
of the CNS that are tightly regulated such that molecules in
the serum do not simply “leak” across. The BBB allows for
molecules used in the CNS to have different functions in the
immune system and conversely molecules of the immune
system can be used in the CNS in a novel way. In this
module, we explored papers that demonstrate some unique
roles of CNS and immune molecules.
MHC (Major Histocompatibility Complex)
MHC proteins are expressed on the cell surface essential in
the adaptive immune system. They display antigens from
either outside or inside the cell and signal to activate
immune cells (such as T cells) or communicate the viral
infection-state of the cell.
The paper from Carla Shatz’s lab demonstrated that
MHC proteins expressed in the lateral geniculate nucleus
(LGN) at the presynaptic terminals allow for proper synaptic
refinement of retinal inputs (Datwani et al., 2009). Shatz is
known for elucidating the role of electrical activity in the
retinal ganglion cells in synaptic refinement in the LGN. In
a seminal paper, they discovered that tetrodotoxin (TTX) not
only prevented synaptic refinement during the critical period
of plasticity but also decreased mRNA levels for MHC
proteins (Huh et al., 2000). In the more recent paper, the
authors reported retinal inputs to LGN in mice lacking MHC
proteins failed to refine completely. Knockout of the MHC
receptors also gave the same phenotype. Although this
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paper was not the first to describe the presence of MHC
molecules being expressed in the CNS, it did demonstrate
the role of MHC molecules in synapse refinement. The
quantification of synapse refinement was the same used in
other papers in this module providing an excellent
foundation for further course readings. Instructors who want
more background on MHC proteins in synaptic refinement
should read the review paper written by Shatz (Shatz, 2009).
An alternate paper that was not used, but is equally
interesting, is from Rona Giffard’s lab. It demonstrated the
role of MHC proteins and their receptors (PirB) in stroke
(Adelson et al., 2012). Stroke elevated the neuronal
expression of these molecules, and they found that knocking
out the ligands or receptors protected the neurons from cell
death after stroke.
Complement
Complement proteins are innate immune system molecules
that enhance or complement the abilities of antibodies and
phagocytic cells to clear pathogens.
The seminal paper from Ben Barres’ lab demonstrated
the colocalization of complement proteins C1q and C3 with
pre- and postsynaptic markers in the developing LGN
(Stevens et al., 2007). Barres was known for helping to
bring glial cells to the forefront of neuroscience. While
profiling the gene of purified astrocytes, complement
proteins were discovered. It was the first time that
complement proteins were shown to be secreted by glial
cells in the CNS. Complement-KO mice demonstrated
failure of retinal input refinement, the same synapses
described in the paper from Shatz describing the role of
MHC in synapse refinement. A later paper by Beth Stevens
showed that microglia are involved in synapse elimination
and refinement (Schafer et al., 2012). A review paper coauthored by Stevens is a comprehensive reference for
instructors interested in the topic of complement in the CNS
(Tenner et al., 2018).
Dscam (Down Syndrome Cell Adhesion Molecule)
Dscam proteins are members of the immunoglobulin (Ig)
superfamily of cell adhesion molecules (CAMs). Dscam was
first identified in the Down syndrome (DS) critical region.
When Dscam is overexpressed in the developing fetal brain
it results in Down syndrome. The alternative splicing of D.
melanogaster Dscam generates over 38,000 isoforms.
Since invertebrate organisms only have the humoral (cellbased) immune system, it was postulated that the receptor
diversity acts in the similar way the hypervariable regions of
antibody of vertebrate adaptive immune system to give the
immune cells the ability to recognize many different
pathogens.
Dietmar Schmucker was the first to isolate Drosophila
Dscam in a biochemical screen, and it was postulated the
molecular diversity may play a role in specificity of neuronal
connectivity (Schmucker et al., 2000). The later paper from
Schmucker’s lab demonstrated that Dscam proteins are
involved in cell contact-mediated axon guidance during
development (Chen et al., 2006). When the authors
genetically reduced the diversity of alleles, sensory neurons
had altered branches and targets in the adult brain. This
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important paper was the first to describe Dscam proteins
functioning as axon guidance molecules. For instructors
who want more background for Dscam, the review from the
same lab should prove helpful (Schmucker and Chen,
2009).
GABA (Gamma-Aminobutyric Acid)
GABA is the primary inhibitory neuronal transmitter of
mammalian CNS. Larry Steinman is known for his work on
autoimmune diseases, especially Multiple Sclerosis (MS).
This paper from his lab demonstrated that macrophages
expressed functional GABA receptors and recorded
inhibitory
postsynaptic
potentials
(IPSPs)
from
macrophages with focal application of GABA (Bhat et al.,
2010). In addition, they showed that by activating GABA
receptors, the antigen presenting cells (APCs) were
suppressed reducing inflammation and T cell activation.
They went on to demonstrate that by activating GABA
receptors on immune cells, they were able to ameliorate
experimental autoimmune encephalomyelitis (EAE), an
animal disease model for MS. Others had demonstrated the
presence of GABA receptor subunits on immune cells (Alam
et al., 2006) as well as suppression of immune function via
GABA (Tian et al., 2004), but this paper was the first to show
actual GABA-mediated IPSPs in immune cells.
Acetylcholine (ACh)
ACh is a neurotransmitter that functions in both the CNS and
the peripheral nervous system (PNS). In the PNS, ACh has
many targets within the sympathetic and parasympathetic
nervous systems. The vagus nerve consists of about 20%
efferent and 80% afferent nerves and is a major component
of the parasympathetic nervous system. The vagus nerve
provides the bidirectional communication between the CNS
and the gastrointestinal tract that is termed the gut-brain axis
(GBA) and facilitates fascinating interactions between the
gut microbiome and emotion, but that was outside the scope
of this class. The release of ACh in regulating heart-rate
(Loewi, 1924) and release of adrenaline is well
characterized, but its effect on the immune system is not.
The paper from Kevin Tracey’s lab demonstrated that
vagal efferent nerve, which uses ACh as the principal
neurotransmitter, modulates inflammatory responses
(Borovikova et al., 2000). They showed that macrophages
reduce the secretion of cytokines such as TNF- in
response to ACh in vitro. When they electrically stimulated
the vagus nerve in vivo, they were able to attenuate TNF-
release in response to endotoxin injection in rats. A later
paper from the same lab demonstrated that a particular
subunit of the ACh receptor is essential for mediating the
anti-inflammatory response (Wang et al., 2003). A review
paper by Reardon and colleagues provides an extensive
overview of the neuroimmune communication, including the
cholinergic system via the vagus nerve (Reardon et al.,
2018).
TNF- (Tumor Necrosis Factor Alpha)
TNF- is a proinflammatory cytokine that was cloned in the
1970s. Macrophages are the major producers of TNF- and
acts on many different cells through the transmembrane
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receptors TNFR1 and TNFR2. Dysregulation of TNF-
production is linked to autoimmune diseases such as
rheumatoid arthritis and inflammatory bowel disease
(Crohn’s).
The effect of TNF- has been studied since the 1990s in
the context of its neurotoxic effects seen observed in human
immunodeficiency virus (HIV) infection of the CNS (Gelbard
et al., 1993). The seminal paper from Robert Malenka, who
is known for his work on synaptic plasticity, showed
evidence that TNF- released by astrocytes increased the
synaptic strength (Beattie et al., 2002). It was demonstrated
that
AMPARs
(-amino-3-hydroxy-5-methyl-4isoxazoleproprionic acid receptors) were trafficked and
inserted into the postsynaptic membrane such that the
AMPAR/NMDAR (N-methyl-D-aspartate receptor) ratio
increased. Conversely, when they blocked TNFR1, the
AMPAR/NMDAR ratio decreased suggesting that AMPARs
were removed. This paper was the first to demonstrate the
TNF- released by glial cells modulated synaptic strength.
A review paper by Beattie and colleagues presents a good
overview of the role AMPARs play in cell death (Beattie et
al., 2010).
Module 3: Immune System and Injury to the Nervous
System
This module explored the changes in the interaction
between the nervous and the immune systems during injury
to the nervous system. As mentioned earlier in the
description for Module 2, the BBB keeps the interactions to
a minimum, but injuries to the nervous system can lead to
dramatic changes in the BBB properties. We explored
various insults to the nervous system and the resulting
effects of immune system entry into the nervous system.
Inflammation and Neurogenesis
There are cells that reside in the CNS that can produce
proinflammatory cytokines, namely microglia and
astrocytes. Both of these cells reside in a resting state
during normal nervous system functions but can get
activated to produce cytokines. The ability of astrocytes to
become activated is interesting in its own as astrocytes
derive from the ectoderm. On the other hand, microglia are
hematopoietic cells of mesodermal origin that get “trapped”
behind the BBB as the CNS vasculature develops and
matures. Thus, microglia share many of the same cell
markers as macrophages and, perhaps not too surprisingly,
are able to be classically activated to secrete
proinflammatory cytokines.
The paper from Theo Palmer’s lab demonstrated that
LPS- (lipopolysaccharide, endotoxin derived from gram
negative bacteria) and radiation-induced activation of
microglia resulted in the reduction of new neuron survival
but did not affect the rate of proliferation of new cells in the
hippocampus (Monje et al., 2003). The detrimental effects
of radiotherapy on learning and memory were well known,
but the cause was not (Monje and Palmer, 2003). This and
another paper published about the same time (Ekdahl et al.,
2003) were the first to describe the detrimental effects of
inflammatory cytokines on neurogenesis. A more recent
paper investigated the role of activated microglia on
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neurogenesis during early postnatal development
(Shigemoto-Mogami et al., 2014). In contrast to the paper
from Palmer and colleagues, they found that activated
microglia enhanced neurogenesis. Together, these papers
illustrate whether inflammatory cytokines are “good” or “bad”
is not absolute, but rather highly depends on the
developmental stages and local environment. A recent
review provides an overview of radiation-induced
inflammation and neuronal dysfunction (Pazzaglia et al.,
2020).
Spinal Cord Injury
The topic of spinal cord injury and the following topic of injury
to the PNS go hand in hand. Without medical intervention,
injury to the spinal cord is permanent while PNS does
regenerate quite robustly.
The differences in the
regenerative capacities are not innate: if you transplant a
CNS neuron into the PNS, it will regenerate after axonal
injury, and conversely, if you transplant a PNS neuron into
the CNS and injure it, it will not regenerate (David and
Aguayo, 1981; Vidal-Sanz et al., 1987). It is the local
environment that make CNS neurons unable to regenerate.
In both CNS and PNS injuries, the vasculature breaks down
allowing cells and molecules of the immune system to enter
the site of injury. In the CNS, the BBB only breaks down
immediately adjacent to the site of injury, while in the PNS,
the BNB (blood-nerve barrier) breaks down along the entire
length of the nerve distally from the site of injury.
The paper by Phillip Popovich and colleagues identified
two distinct activation states for macrophages entering the
site of spinal cord injury (Kigerl et al., 2009). The M1
macrophages are classically activated macrophages that
secrete proinflammatory cytokines and are neurotoxic and
prevents axonal regeneration in the neurons. The M2
macrophages are alternatively activated macrophages that
secrete anti-inflammatory cytokines that aide in the repair
and regeneration of the neurons. The M1 macrophages
dominate the site of injury in the CNS, and the presence of
M2 macrophages is transient and short-lived. This paper
was the first to demonstrate macrophage heterogeneity in
spinal cord injury. A review on the topic of immune response
to spinal cord injury and potential targets for therapy
provides essential context for M1 and M2 macrophages
(Brennan and Popovich, 2018).
PNS Injury
Unlike injuries to the CNS, PNS has the ability to repair and
regenerate after injury. One key difference is the breakdown
of the BNB along the entire distal length of the injured nerve
allowing cells of the immune system to have access to the
entire damaged nerve. Myelin has glycoproteins that are
inhibitory for axonal growth, presumably to prevent axonal
sprouting under normal conditions. But that means myelin
must be cleared from injured nerves in order for axons to
regrow. In the CNS, myelin debris remains in the white
matter for years after the injury in both humans and primates
(Gilliatt and Hjorth, 1972; Chaudhry et al., 1992). In the
PNS, however, nerve injury results in rapid myelin and
axonal debris clearance making the environment permissive
for axon growth and regeneration.
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The paper from Ben Barres’ lab, known for their work on
neuron-glia interactions, demonstrated that rapid clearance
of myelin debris is critical for robust axon regeneration
(Vargas et al., 2010). They showed that antibodies recruit
macrophage entry into the site to initiate clearance of myelin
debris; without antibodies the debris clearance was delayed,
and axons showed impaired regeneration. This report was
the first instance where beneficial autoantibodies
(antibodies that recognize degenerating tissue) through
recruitment of macrophages actively promoted wound
healing. Until this work, autoantibodies were always viewed
negatively as hallmarks of autoimmune diseases. A review
paper by Reyneveld and colleagues provides extensive
detail on self-binding antibodies (Reyneveld et al., 2020).
Module 4: Diseases with Neurological Symptoms
In this module, we explored non-nervous system diseases
that exhibit neurological symptoms. HIV is interesting in the
context of this class as it is a virus that infects the cells of
the immune system. To provide some background about
HIV, I spent one class talking about the biology of HIV, HIV
immunity, and the potential for stem cell treatment (Hütter et
al., 2009).
HIV-Associated Dementia
HIV invades the CNS early in the infection and causes
cognitive deficits such as HIV-associated dementia (HAD).
The mechanism of HIV entry into the CNS is thought to
occur via infected monocytes that transmigrate and become
periventricular macrophages, a specialized type of
leukocytes thought to perform immune surveillance of the
CNS. The antiretroviral therapy (HAART) dramatically
increases the lifespan of HIV-positive individuals, but the
drugs do not cross the BBB, so the virus causes damage to
the CNS (called NeuroAIDS) partly through infecting and
activating microglia. The resulting damage to the CNS
causes a downward spiral of the BBB becoming leaky
allowing further migration of HIV infected cells into the CNS.
The paper from Shalom Avraham’s lab demonstrated
that cannabinoids can prevent HIV coat protein Gp120mediated damage to the BBB (Lu et al., 2008). It has been
shown by other labs that HIV infection alters BBB structure
and function (Sweeney et al., 2018). They showed that
cannabinoid agonist activation of CB1 receptors prevented
BBB degradation and inhibited transmigration of monocytes.
This observation was the first report of cannabinoids
protecting the BBB from HIV-mediated cognitive
impairment. Indeed, a recent study showed that cannabis
exposure linked people living with HIV with lower
neurocognitive impairment (Watson et al., 2020).
Malaria
Malaria is caused by Plasmodium parasites that invade red
blood cells. During the later stages of the disease the
parasites do not enter the CNS, but rather it triggers a
proinflammatory response to clear the parasites from red
blood cells. Unfortunately, the same inflammatory response
leads to degradation of BBB function such that it may result
in brain hemorrhages. A review paper by Rénia and
colleagues explains in depth the relationship between BBB
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and cerebral malaria (Rénia et al., 2012).
The paper from Maya Saleh’s lab demonstrated that
caspase-12 dampens and thus inhibits the immune
response to malaria parasites (Labbe et al., 2010). In a
landmark paper, Saleh was the first to describe the targeted
deletion of caspase-12 conferring protection against sepsis
(Saleh et al., 2006). Caspase-12 is a member of a family of
protease enzyme that mediates pyroptosis, a highly
inflammatory form of programmed cell death. A singlenucleotide polymorphism (T125C) exists in humans for
caspase-12 and interestingly it is restricted to regions of the
world where malaria exists. The thymidine at position 125
introduces a premature stop codon, while the cytosine
results in a production of the full-length protein (Scott and
Saleh, 2007). It turns out that the truncated caspase-12
originated in Africa about 100,000 years ago, and due to
resistance to sepsis, it has reached near fixation. They
showed that caspase-12 limits the elimination of
Plasmodium parasites by binding and inactivating NF-B
that produces IFN-, an inflammatory cytokine.
Unfortunately, increased IFN- production leads to insults to
the BBB and results in cerebral malaria. This instance was
the first report of linking the caspase-12 T125C singlenucleotide polymorphism (SNP) to malaria. This paper is
also good for teaching positive selection in genetics. While
the truncated form of caspase-12 has all been fixed due to
its sepsis resistance, the T125C SNP, the full-length
caspase-12, still persists in regions where malaria exists,
presumably it confers resistance to cerebral malaria that
causes severe damage to the nervous system.
Module 5: Autoimmune Diseases
Autoimmune disease is a condition where the immune
system attacks the host or self-tissue. For this course, this
module was designed to explore the classic autoimmune
diseases of the nervous system. This module started with
MS, a classical autoimmune disease of the CNS. The rest
of the topics dealt with neurological conditions that may have
some autoimmune component. The papers in this module
were exploratory, where students can decide for themselves
if some cases of these conditions are indeed autoimmune
diseases.
Multiple Sclerosis (MS) and Epstein-Barr Virus (EBV)
MS is a chronic inflammatory disease where the immune
system attacks the myelin of the CNS. The loss of myelin
may result in loss of balance, muscle control, vision, and
other functions due to loss of action potential conduction. In
MS, T cells cross the BBB and enter the CNS where they
release inflammatory cytokines and damage the myelin and
oligodendrocytes, which are glial cells that make myelin in
the CNS. B cells get recruited and activated resulting in the
production of antibodies against myelin. The cause of MS
is yet unknown.
Bernhard Hemmer has been working on elucidating the
viral origins of MS. The paper from his lab showed that
antibodies purified from cerebral spinal fluid of MS patients
showed higher reactivity to EBV proteins than controls
(Cepok et al., 2005). Further, they showed increased T cell
activation from MS patients to cells expressing the two
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epitopes of the EBV protein. This was first evidence of EBV
protein reactivity in MS patient CSF antibodies. They found
EBV reactivity in CSF of MS patients using an unbiased
screen of 37,000 proteins. These findings are in line with
epidemiological studies where 1) almost all MS patients are
seropositive for EBV titers (antibodies detected in serum),
and 2) MS patients more frequently have a history of
mononucleosis, a disease caused by EBV. These results
suggest a molecular mimicry cause for MS: the patients
experience an infection by the EBV, resulting in antibodies
produced that cross-reacts with myelin thus triggering an
immune attack against myelin. A recent paper by Hemmer
and colleagues reported that in a large cohort study of early
MS patients, 100% of 901 patients were seropositive for the
EBV, further strengthening the link between EBV and MS
(Abrahamyan et al., 2020).
Narcolepsy
Narcolepsy is a chronic disorder that affects the regulation
of sleep-wake cycle. Symptoms include overwhelming
daytime sleepiness and sudden involuntary attacks of sleep.
The disorder is caused by the loss of approximately 70,000
hypocretin (Hcrt) cells in the hypothalamus. Hcrt, also
known as orexins, is a neuropeptide and was discovered
along with their receptors in 1998 (Sakurai et al., 1998). The
disorder has been tightly linked to the human leukocyte
antigen (HLA) allele DQB1*602: over 95% of people with
narcolepsy carry this particular HLA subtype. HLA system
is a group of proteins encoded by the MHC gene complex in
humans, and they are responsible for regulation of the
immune system. The immune system uses HLA to
recognize self-tissue versus foreign cells. Due to the tight
linkage to a particular HLA allele, narcolepsy is largely
considered an autoimmune disease.
I used two papers from Emmanuel Mignot’s lab for this
topic. Mignot is an authority on sleep, especially on the
disorder of sleep, narcolepsy. They showed that there was
almost a complete lack of Hcrt mRNA in the hypothalamus
of postmortem brains from human narcoleptic patients. This
was the first instance of linking lack of Hcrt to narcolepsy in
humans. Previous linkage was performed in narcoleptic
dogs (Lin et al., 1999) and knockout mice (Chemelli et al.,
1999).
This first paper established the biology of
narcolepsy, and the second paper reported cases of
narcolepsy following H1N1 flu vaccination between 2009
and 2010 (Dauvilliers et al., 2010). First cases of narcolepsy
in vaccinated children and adolescents were reported in
Sweden, but additional cases were reported in Finland,
France, England, Ireland, and Quebec Province of Canada.
The vaccines used a specific adjuvant, AS03, and was
produced by GalaxoSmithKline and marketed as
Pandemrix. This specific vaccine against H1N1 resulted in
6.6-fold increase in risk among vaccinated children and
adolescents. Among those who developed narcolepsy after
vaccination, the DQB1*602 haplotype had the highest risk.
It was thought that the AS03 adjuvant used to stimulate the
immune system somehow triggered an autoimmune
response in individuals who were already predisposed to
narcolepsy.
Together these papers lead to lively
discussions on the safety of vaccines.
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Autism Spectrum Disorders (ASD)
ASD is a developmental disorder characterized by difficulty
in communication and social interactions as well as
obsessive interests and repetitive behaviors.
Daniel Geshwind is known for his work on neurogenetic
approaches to understanding autism (Wamsley and
Geschwind, 2020). The paper from his lab reported
enrichment of astrocytic and microglial genes in postmortem
autism brains using RNA-seq and genome-wide association
study (GWAS) data set (Voineagu et al., 2011). This
unbiased approach confirmed earlier report of increased
inflammatory cytokines in CSF of people with ASD (Vargas
et al., 2005). These papers merely hinted at microglial
activation and possible immune component to ASD. In a
recent paper, however, the role of microglia in ASD has
been brought to the forefront (Xu et al., 2020). Prior to this
work, a single polymorphism in the EIF4E gene was
identified in ASD that leads to overexpression of eIF4E in
mice which display autism behaviors (Gkogkas et al., 2013;
Santini et al., 2013). The authors of the recent paper
showed that when they overexpressed eIF4E in only
microglia, only the male mice displayed autism-like behavior
with microglia adopting an activated phenotype with reduced
phagocytic activity leading to higher synaptic density and
excitation-to-inhibition ratio, a phenotype seen in human
ASD brains. Moreover, ASD in humans predominantly
affect males.

Epilepsy
Epilepsy is a disorder in which neuronal firing becomes
abnormal causing seizures. Typically, neuronal activity is
asynchronous, but during seizures, excitatory glutamatergic
neurons become hyperexcitable resulting in runaway
excitation. Seizures can be focal and limited to a certain
region, but tonic-clonic seizures (previously called grand mal
seizures) are the result of spread of uncontrolled excitation
throughout the cortex. Seizures can result from too little
inhibition, too much excitation, or both.
The seminal paper from James McNamara’s lab
demonstrated that antibodies against glutamate receptor 3
(GluR3) has significant role in Rasmussen’s encephalitis
characterized by severe, intractable seizures (Rogers et al.,
1994). When rabbits were vaccinated with GluR3, they
developed seizures. What makes this paper unique by
today’s standards is that they performed human trials. They
collected serum from four patients with diagnosed
Rasmussen’s encephalitis and found antibodies for GluR3
in three out four patient samples. This led to the hypothesis
that removing GluR3 antibodies might alleviate the epileptic
symptoms. They performed plasma exchange (PEX) on a
patient to remove GluR3 antibodies from the serum. Seizure
frequency decreased by 80% and cognition, speech, and
motor skills improved correlating with diminished GluR3
antibody titer. But with time, as the antibody titer increased,
so did the seizure frequency and other phenotypes.

Schizophrenia
Schizophrenia is a mental health disorder involving the
breakdown of relation between thought, emotion, and
behavior that manifests as disorganized speech or behavior,
social withdrawal, and delusions. The cause is not known
but various genetic and environmental factors increase the
risk for schizophrenia. For example, identical twins have
50% concordance for schizophrenia (Cardno and
Gottesman, 2000). Also, schizophrenia patients are more
likely to be born in the winter or spring (Brown, 2011).
The papers from Javier Gonzalez-Maeso’s lab
demonstrated mice born to mothers either stressed
(Holloway et al., 2013) or infected with the H1N1 influenza
virus (Moreno et al., 2011) displayed schizophrenic behavior
with increased serotonin 5-HT2A and decreased
metabotropic glutamate receptor mGlu2 receptor expression
in the prefrontal cortex. The altered expression of these
receptors is consistent with that seen in postmortem brains
from people with schizophrenia. 5-HT2A receptors are
necessary for the action of psychoactive drugs such as LSD
and PCP. In the paper where they administered the H1N1
virus to the pregnant mice, the antibodies but not the virus
was detected in the embryos. These results suggest that
increased inflammatory cytokines in the mother, either
through influenza viral infection or increased stress, triggers
neurodevelopmental alterations in the embryos that result in
schizophrenia. Further, these results are consistent with the
observation that schizophrenia patients are more likely to be
born in the winter or spring when flu virus is more prevalent.
A review paper by Cordeiro and colleagues covers many
types of maternal infections and possible alterations of fetal
brain development (Cordeiro et al., 2015).

Syndenham’s Chorea (SC)
SC is part of a group of disorders collectively known as
pediatric
autoimmune
neuropsychiatric
disorders
associated with streptococcal infection (PANDAS). SC is
characterized by rapid, jerky, irregular, and involuntary
movements and was so named for the Greek word for
dance. SC mostly affects children and young adolescents.
W. Ian Lipkin is known for his work in infectious diseases
and their neurological impact. It was reported in an earlier
paper that when mice were injected with streptococcal
bacterial particles, they displayed a variety of motor and
neuropsychiatric symptoms including chorea and tics. The
more recent paper from the same lab showed that passive
transfer of IgG antibodies directed against streptococcus M
protein was necessary and sufficient to produce PANDAS
symptoms in naïve mice (Yaddanapudi et al., 2010). When
they used the anti-streptococcus M IgG to probe brain
sections, the hippocampus and the periventricular regions
bound that antibody the strongest. The target antigen in the
brain for this antibody has yet to be determined, but it seems
likely that this antibody is a product of molecular mimicry that
triggered the autoimmune response.
Parkinson’s Disease (PD)
PD is caused by the loss of dopaminergic neurons in the
substantia nigra that results in symptoms such as tremor,
bradykinesia, and loss of posture and balance. One of the
hallmarks of PD is the accumulation of aggregated forms of
-synuclein.
David Standaert specializes in movement disorders,
especially PD. The paper from his lab showed that synuclein
induced
neuroinflammation
and

Watanabe

neurodegeneration caused MHCII expression by microglia
that resulted in subsequent activation and presentation of synuclein antigen to T cells, cytokine release, and
dopaminergic neuron degeneration (Harms et al., 2013).
The MHCII-KO mice were protected against the microglia
activation and loss of dopaminergic neurons. A recent paper
demonstrated that microglia released exosomes containing
-synuclein was fully capable of producing protein
aggregation in recipient neurons (Guo et al., 2020). This
new report implicated microglia in actively “spreading” synuclein protein aggregations via exosomes. A thorough
review on the role of the immune system in PD by Schonhoff
and colleagues is a useful resource for instructors
(Schonhoff et al., 2020).
Alzheimer’s Disease (AD)
AD is a progressive disease characterized by dementia that
affects memory, thinking, and behavior. There are two main
hypotheses on the cause of AD: amyloid and tau. Amyloid
hypothesis postulates that amyloid beta (A) is the primary
influence driving AD pathogenesis and that neurofibrillary
tangles (tau) are secondary. Tau hypothesis postulates that
tau hyperphosphorylation and subsequent formation of
neurofibrillary tangles are the primary drivers of AD.
The paper form Jochen Herms’ lab showed, using twophoton in vivo images, microglia migrating and accumulating
around a neuron over the course of several days before the
neuron disappearing in AD mice (Fuhrmann et al., 2010). In
the CX3CR1-KO mice, neuronal loss was completely
rescued. CX3CR1 is a chemokine receptor expressed in
microglia that binds to CX3CL1 that is expressed in neurons
and presumably acts as a cell adhesion or chemoattraction
molecule. These results are consistent with the observation
that neurons cultured in A without microglia do not
degenerate and only do so if microglia are present (Giulian
et al., 1996). A review paper by Bartels and colleagues
explores the current understanding of the role of microglia in
PD and AD (Bartels et al., 2020).
Module 6: Stress and the Immune System
By the time we reached this module towards the end of the
semester, students were experiencing the stresses of final
exams. We explored the various effects of stress from the
cellular level to behavior.
Effects of Stress at the Cellular Level
Stress activates the HPA axis and results in the release of
glucocorticoids. Acute stress can be beneficial, such as
gluconeogenesis in the liver, but also can suppress
inflammation mediated by the immune system. Chronic
stress and long-term suppression of the immune system has
detrimental consequences.
The paper from Christopher Norbury’s lab demonstrated
that glucocorticoids impair the ability of dendritic cells (DCs)
to cross-present antigens on MHC I to activate cytotoxic or
killer T cells (Hunzeker et al., 2011). The activated cytotoxic
T cells kill cells presenting the same antigen on MHC I that
are infected with an intracellular pathogen like viruses.
Therefore, if DCs cannot activate cytotoxic T cells, virally
infected cells will continue producing viral particles. This
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perhaps is one of the reasons why students get the flu when
they return home from school, because with the removal of
stress, the immune system is finally relieved of suppression.
For instructors who want information on the effect of stress
on the immune system, a chapter written by Seiler and
colleagues will be helpful (Seiler et al., 2020).
Effects of Stress on Neurogenesis
Chronic stress and dysregulation of glucocorticoids is
associated with depression and impaired cognition.
Neurons in the hippocampus express high levels of
receptors for stress hormones, and glucocorticoids have
been shown to inhibit adult neurogenesis (Mirescu and
Gould, 2006). The hippocampus sends negative feedback
to the HPA axis to dampen glucocorticoid release.
Heather Cameron is known for elucidating the effect of
stress on neurogenesis.
Cameron and colleagues
demonstrated that adult neurogenesis is required for normal
endocrine (HPA axis inhibition) and behavioral response to
stress (Snyder et al., 2011). Mice lacking neurogenesis
showed higher levels of glucocorticoids in response to
stress and increased anxiety and depression-like behaviors.
This suggests that adult neurogenesis in the hippocampus
buffers stress by keeping glucocorticoid levels from getting
too high and returning it quicker to baseline after stress.
Exercise has been shown to promote adult neurogenesis in
the hippocampus, and one of the benefits of exercise maybe
the increased ability to buffer stress (Cooper et al., 2018).
This paper elicited stimulating discussions about exercising
especially during high-stress periods of life, such as finals
week. A review paper provides an overview on the effect of
stress of neurons (Cameron and Schoenfeld, 2018).

DISCUSSION
This paper provides resources to instructors with
background in neuroscience to teach a semester-long
neuroimmunology course to undergraduate students. The
modular design of this course allows for individual modules
or papers to be deployed into preexisting neuroscience or
even immunology courses. If an immunologist is available
in the department or a program, an alternative method of
deploying this course is to team teach thereby reducing the
necessity for the neuroscience instructor to learn and teach
immunology. Alternatively, an immunology course can be
added as a prerequisite. The neuroimmunology course as
described in this paper reduced the necessary immunology
background to three weeks of lecture within the course (as
opposed to a prerequisite immunology course) with the goal
to minimize the number of prerequisite courses and make it
accessible to more students.
The ideal number of students for this type of course is
between 20 and 30. As designed, the students present a
primary literature paper twice during the semester, once as
a group and another individually. If class size is small, the
instructor can increase the presentation number to three, but
going higher may put too much burden on the students. The
presenters were asked to keep the target length of the
presentations to 30 minutes and leave 20 minutes for
discussions (see syllabus in Appendix 2). As designed, all
students were expected to contribute to the discussion. If
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the class size is large, it might pose a logistical challenge to
get all the students to say something in the time allotted for
the class. For large classes, removing this expectation
might be desirable.
The use of primary papers as an alternative to textbooks
provided the development of essential critical thinking and
analysis skills that are highly ranked core competencies by
life science faculty (Cash et al., 1994; Kerchner et al., 2012).
Embedded in this course was development of oral and
written communication skills, as described in the student
learning outcomes. Writing a literature review is a daunting
task for anyone, let alone for undergraduate students. But
because the students were developing the skills to read,
analyze, dissect, and synthesize information from primary
papers, they were able to apply those competencies to
writing a literature review.
This course was designed with specific student learning
outcomes (SLOs): 1) learn the fundamentals of how the
immune system works, 2) understand the bidirectional
crosstalk between the immune and the nervous systems,
through critically reading, analyzing, and evaluating primary
literature, and 3) develop oral presentation skills to peers
and written communication techniques of a scientific body of
work to both scientific and non-scientific audiences. SLO 1
was assessed using a quiz at the end of the module. Both
the concept map (Figure 1) and the quiz (Appendix 3) give
the depth and breadth of immunology concepts students
were able to master in three weeks. The mean grade for the
quiz was 89 ± 22 percent (Table 1). Even though some
students struggled in the quiz, as shown by the large
standard deviation of the mean, it was impressive how
quickly students were able to grasp the key immunology
concepts (Figure 1). SLO 2 was assessed using the student
writings of the New York Times-style article and the literature
review. Both writing samples required students to read,
analyze, and evaluate primary literature papers. The mean
grade for the article was 93 ± 6 percent, while the mean
grade for the literature review paper was 87 ± 21 percent
(Table 1). The large standard deviation is mainly due to one
student failing to turn in the final draft, thus receiving a zero
for the literature review assignment. The prospect of writing
a literature review paper for an undergraduate student can
be a daunting task, so the assignment was sufficiently
scaffolded throughout the semester to help approach it in
small discrete segments (syllabus in Appendix 2). As the
grades show, students did exceptionally well critically
reading, analyzing, and evaluating primary literature papers,
where some of the writing quality rivaled any literature
review written by postdoctoral fellows. The New York
Times-style articles and the literature reviews were also
used to assess SLO 3 along with journal club presentations.
The group and individual journal club presentation
assessment resulted in mean grades of 94 ± 6 and 96 ± 6
percent, respectively. Grading rubrics for the artifacts as
well as the quiz is included in the Appendices. Overall,
these assessment scores suggest that students met and, in
some cases, exceeded the expectations as outlined in SLOs
for this course.
One potential limitation of this course is that students
need to take an introductory cellular/molecular neuroscience

SLO

Assessed Artifact

SLO 1
SLO 2 & 3

Immunology Quiz
New York Times-Style
Article
Literature Review
Journal Club Presentation
(Group)
Journal Club Presentation
(Individual)

SLO 2 & 3
SLO 3
SLO 3
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Mean Grade
(%)
89 ± 22
93 ± 6
87 ± 21
94 ± 6
96 ± 6

Table 1. Assessment of student learning outcomes (SLOs). SLO
1 - learn the fundamentals of how the immune system works. SLO
2 - understand the bidirectional crosstalk between the immune and
the nervous systems, through critically reading, analyzing, and
evaluating primary literature. SLO 3 - develop oral presentation
skills to peers and written communication techniques of a scientific
body of work to both science and non-science audience. The data
shows mean ± 1 standard deviation of assignment grades in
percent (n=26). See Appendices for rubrics and sample quiz.

course as a prerequisite. For institutions that have a
neuroscience program or department, this is not an issue,
but for places that do not, the instructor will have to adapt
this course. One way to adapt this course for biology
students without a prerequisite neuroscience class is to
provide relevant neuroscience background before each
module. That would mean, however, reducing the number
of papers and/or topics to be covered in a module. The other
potential drawback or barrier to teaching the entire
neuroimmunology course, is that the instructor would need
to learn some immunology. As I mentioned the textbook
used in Module 1 is an appropriate starting place to teach
oneself immunology. For a more comprehensive textbook,
The Immune System by Peter Parham is recommended
(Parham, 2014). Although this paper describes the design
and implementation of a semester-long neuroimmunology
course, one does not need to implement this course in its
entirety. The modular design of this course allows for an
instructor to adopt a module or a single paper into their
preexisting neuroscience course. By providing background
and supplemental information on each paper, syllabus, quiz,
and grading rubrics for oral and written assignments, it is my
goal to have as many undergraduate neuroscience students
get exposed to the field of neuroimmunology. Finally, this
class can be adapted for the remote or virtual classroom. All
of the lectures and written assignments can easily be
transformed to an online format, but I think the challenge lies
in the journal club presentations, especially the discussions,
though that is not to say it cannot be done. One potential
challenge that cannot be ignored is the digital divide which
might pose an issue for some students in both preparing for
(e.g., accessing online journals) and presenting journal club
presentations.
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APPENDIX 1:
ORAL PRESENTATION/JOURNAL CLUB GRADING RUBRIC
Your presentation is numerically rated on a scale of 1 to 10 or 1 to 5 for each of the categories below, and constructive
comments are also provided.
Ratings:

10 (or 5) = excellent; little or no room for improvement
8 (or 4) = good; effective performance, but could be improved
6 (or 3) = adequate; minimally acceptable, but needs considerable improvement
4 (or 2) = poor; not effective
2 (or 1) = unacceptable; essentially a waste of everyone's time

INTRODUCTION/BACKGROUND:
Did the speaker present the background material in a clear, concise fashion?
Comments:
Did the speaker generate interest in the topic?
Comments:

_______/10

_______/10

Did the speaker explicitly state the important question(s) in this field, and the hypothesis that the author is addressing?
Comments:
_______/10
ANALYSIS OF EXPERIMENTS:
Was the speaker knowledgeable about the experimental approach and techniques used in the studies?
Comments:
_______/10
Was the presentation of data prefaced with a brief explanation of why the experiment was done?
Comments:
_______/10
Did the audience leave the talk with a good understanding of the experiments discussed?
Comments:

_______/10

APPROACH:
Did the speaker clearly explain the approach that was used to address the hypothesis? Was a rationale for the approach
stated? Were predictions stated? Were statistics that were used to evaluate expected results appropriate?
Comments:
_______/10
SUMMARY AND CONCLUSIONS:
Was there a clear and succinct summary of points made earlier?
Did the speaker mention potential pitfalls and have ways to address them?
Do you have a sense of the relevance of this work?
Comments:
DISCUSSION:
Did the speaker and/or topic bring about a stimulating discussion?
Comments:
Did the speaker handle questions well?
Comments:

_______/5

_______/5
_______/5
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GENERAL:
Organization and content
—talk consisted of a logical development of information
—appropriate length and depth of material
—appropriate choices of areas to cover
Comments:

Neuroimmunology

_______/5

PREPARATION:
—knowledge of the material and preparation of seminar
—speaker conformed to the time allotted
Comments:
_______/5
VISUAL AIDS:
—organized
—legibility from the back of the room?
Comments:
Total:

______/100

Two (or more) things that the speaker did well:

Two (or more) things that the speaker should improve, and suggestions on how to do so:

_______/5
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APPENDIX 2:
SYLLABUS
Textbooks:
1. (Required) How the Immune System Works. L. Sompayrac. Blackwell Publishing. 4th Edition (2013)
2. (Optional) The Immune System. P. Parham. Gardland Science. 3rd Edition (2009). May come in handy in Med
School if that is your path. Chock full o’ details should you want to delve deeper.
Additional Materials:
Selections from other texts, reviews, and primary literature will be provided. Background research materials for
group and individual presentations, NY Times-Style Article, and Literature Review Paper will be selected by you. (see below
for details)
Course Description:
The course explores the role of immune molecules in neural development, and the bi-directional mechanisms by
which the brain and immune system communicate with each other in health and during injury or infection. Topics include:
innate immunity in brain development, inflammation in neurodegenerative diseases, central nervous system infections,
autoimmune diseases, and the immune system in psychiatric disorders. Emphasis will be placed on critically reading and
evaluating primary literature, experimental design, and scientific writing.
Course Objectives:
1. Learn the fundamentals of how the immune system works.
2. Understand the bi-directional crosstalk between the immune and the nervous systems through critically reading,
analyzing, and evaluating primary literature.
3. Develop oral presentation skills to peers and written communication techniques of a scientific body of work to both
scientific and non-scientific audiences.
Expectations:
My expectations of you are that you come prepared by reading the required textbook and/or the primary literature
before the class at which it will be discussed. You should be prepared to actively discuss experiments or specific figures
even though you may not be the main presenter(s) of a particular paper/topic. Since discussions on primary literature are a
main focus of the class, active participation in each class is required by each individual.
That said, I want this class to be a place where we explore the rapidly emerging field of neuroimmunology. I want
you to be curious and explorative. If you find additional neuroimmunology topics that are of interest to you, please let me
know and I’ll try to incorporate them into the class as time allows. Please don’t hesitate to ask questions or have discussions
with me. I’m here to help you be as excited about neuroimmunology as I am.
Lectures and Quiz:
In order for all of us to have a meaningful discussion-based learning on neuroimmunology, we all must learn the
fundamentals of immunology. The first three weeks of class are going to be lecture-based. In order for you to get the most
out of these lectures, you need to read the relevant chapters in the textbook before class. Please also fill out the KWL form
for each lecture. KWL (what I know, what I want to know, what I have learned) form will help you organize your thoughts as
well as prepare questions to ask during lecture. Before lecture you will fill out the K and W portions of the form, and after
lecture (5 minutes) you will have a chance to fill in the L portion, as well as new W that might have arisen. You will turn in
this KWL by 10am the next day via Blackboard, and these will count towards the quiz grade. Each KWL form will be worth
one (1) point of the Quiz, with KWL and Quiz totaling 50 points. There will be a quiz at the end of the three weeks to test
your general knowledge on immunology.
Discussion Comments:
After the fundamentals of immunology lectures, the class will transition to journal club style discussion. For each of those
classes and related to each primary literature article, you are required to a write Discussion Comment in order to best
prepare to participate in discussions. You must upload them to Blackboard by 7pm the night before the class in which the
paper will be discussed. If it is submitted after 7pm but before the start of class, you will receive half credit. No credit will be
given for Discussion Comments submitted after the start of class. You do NOT have to submit one if you are presenting that
day. In your Discussion Comment, please answer ONE of the four questions:
 Why was this paper selected for this journal? In other words, what made this paper special?
 What was the main hypothesis being tested in this paper?
 What were the major techniques used to test this hypothesis?
 Were they successful and did they use the appropriate techniques? Controls?
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Please keep this brief… four sentences should be more than sufficient. Also in the Discussion Comment, please include a
question that you have about this article. It could be about a technique used in the paper to the interpretation of the results.
We will be reading and discussing 26 papers in class. That means you have to submit 24 Discussion Comments, because
you will present 2 of those papers (1 as a group and 1 alone). I will present papers no one elects to present.
Presentations:
You will present a primary literature article twice during the semester: one article as a part of a group, and one article alone.
Plan and practice each presentation, aiming for approximately 30 minutes to cover the paper and allowing about 20 minutes
for discussion. Prepare thought-provoking questions to stimulate discussion. The papers have been selected by me, and
they can be found in Blackboard.
You will present these articles in a “journal club” style. Journal clubs are a feature of nearly every graduate program in life
science where a student or faculty member presents a journal article of interest. The presentation of scientific research is a
highly structured endeavor with the following basic format:
 Introduction: What biological question is being addressed? What background information is absolutely necessary
to understand this question? Is there a hypothesis, ether explicitly stated or implicit? What were the major findings
that were reported? (Note: for many types of talks, major findings would be reported later. The primary goal in
presenting science is clarity, and it really helps to give away the “punch line” early!)
 Experiments: Be able to explain the experimental approach taken, and the advantages and limitations of such an
approach. What was the question the authors were trying to answer? What types of data were collected, and what
are their conclusions? “Walk” the audience through each experiment, methodically explaining and summarizing
each experiment as you proceed through this section. (Note: the presentation and evaluation of the data are the
most important components of a scientific presentation. Take the time to fully understand the data and to clearly
present this section of the talk. You frequently will need to seek out additional sources to understand the
techniques.)
 Conclusions: What were the authors’ conclusions? Are such conclusions valid? Are there other plausible
explanations for the data? What would be the logical next-step experiments? How significant is this work in defining
our view of the field? Are there opposing/conflicting ideas/data from others in the field? How do they or you as a
presenter address/resolve this? Is there an alternate explanation or interpretation of the results? Are there
weaknesses or pitfalls in the article? (Note: this is your chance to be both critical and creative. Have fun with it!)
The thought flow of the presentation should be “hourglass shaped.” You should start with broad ideas to help place this
primary literature in context, focus down into the nitty-gritty details of the paper, and then end broadly by touching on issues
such as future directions, contribution to the knowledge of the field, potential therapeutic applications, etc. It’s okay if you
don’t understand a figure or a result… this is a discussion-based presentation and that is why we are doing this. You will be
evaluated by me on your clarity, understanding, completeness, presentation style, and preparative work as well as your
ability to lead and facilitate a discussion. Visual aids are very useful, and I highly recommend PowerPoint/Keynote-type
presentations. Here are a few tips for PowerPoint/Keynote presentations:
 In these presentations, we want to focus on the science, not glitzy presentation. Using a white or blue background
goes very far in achieving simplicity. Use black background when the slide only contains a photograph, especially
a fluorescent micrograph.
 Minimize text! Most slides should just have a single figure or table (or sometimes just one panel of a multi-part
figure). Don’t put the figure legend on the slide. Add your own labels if it’s not clear what’s what. Don’t crowd the
figure and distract the audience from the data by listing conclusions on the data slide — use a separate slide for
conclusions. Keep all-text slides to an absolute minimum! If you do use text — most likely for the background and
conclusions — use short phrases with bullets, not whole sentences or paragraphs.
 Don’t use animations or effects unless they serve a purpose.
Resources for giving presentations:
 Pechenik, J. 2001. “Preparing oral presentations.” Ch. 13 in A Short Guide to Writing About Biology, 5th ed., AddisonWesley-Longman, New York.
 “Gratuitous advice on giving a talk” – tips for an effective PowerPoint presentation.
www.swarthmore.edu/NatSci/cpurrin1/powerpointadvice.htm
In week 3, you will choose a presentation partner as well as an article to present as a group and another to present by
yourself. We will choose papers in the style of “fantasy draft.” You will draw a number out of a hat to determine the “draft”
order. The first one up will choose their paper/topic of choice to present. You can choose whichever paper/topic you want,
as long as it is still available. Depending on the total number of students in the class, anywhere between the first 8 or 10
papers/topics will be reserved for group presentations. The later papers/topics will be for individual presentations.
Please note that papers/topics are date specific. Please check your calendars for potential “killer weeks.” Also, I
highly recommend that you read the abstracts of all papers before “draft day” so that you get an idea which papers/topics
you really want to present and have ranked preferences of the paper/topic/days you like to present.
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NY Times-Style Article:
The ability to effectively communicate to laypeople is a skill that all scientists (or aspiring scientists) should have. In order
to gain experience doing this, you will write a New York Times-Style Science Article about any topic (pre-approved by me)
in neuroimmunology. The topic can be the same as your group/individual presentation. Please turn in your list of two topic
choices by the end of week 3. You will focus on one primary paper on that topic and write a summary directed to a lay
audience incorporating other background and general ideas on the topic. Here are some NY Times science articles that you
may use as a guide to the style and content:
 “Baboon study shows benefits for nice guys, who finish 2nd” by James Gorman
(https://www.nytimes.com/2011/07/15/science/15baboon.html)
 “Cancer’s secrets come into sharper focus” by George Johnson
(https://www.nytimes.com/2011/08/16/health/16cancer.html)
Maximum length of this Article is 1500 words. Please turn in your first draft by the end of week 5. The first draft will be peer
reviewed by two other students in the class. That means you will peer review two other classmates’ Articles. Please turn in
your edits/comments of your peers’ articles by the end of week 7. You will then ask two people (one who has taken
Introductory Biology but not in Introductory Neuroscience, and one who hasn’t taken any Biology classes) to evaluate your
updated Article. These people can be roommates, climbing buddies, family members, high school friends, or even people
you meet in a coffee shop. The criteria are that you have them read the Article without any guidance and then ask them to
explain to you what the main points were. You will be asked to write a maximum 300-word summary for each interaction
that you had with a layperson, citing how much of the science was understood and what was changed in the Article as a
result of the interaction. Please turn in the layperson interaction summary by the end of week 9. The final version of the NY
Times-Style Article is due by the end of week 10.
Literature Review Paper:
You will select a specialized area of neuroimmunology on which you will write a maximum 5000-word review article. The
topic can be the same as your group/individual Presentation and/or your NY Times-Style Article. You will turn in a topic by
week 8. You will then turn in a reference list and an outline of your topic by week 10. This reference list should include at a
minimum of six (6) articles (at least four (4) primary articles and two (2) review articles) but can include as many as 12
articles total. I highly recommend using reference software (e.g., RefWorks or EndNote). The first draft is due on week 12.
The first draft will be peer reviewed by one (1) other student in the class. Again, that means you will peer review one (1)
other classmate’s Review Paper. The peer reviews are due at the end of week 13. The final version of the Literature Review
Paper will be due week 16. You are encouraged to look at example reviews in journals such as Journal of Neuroscience,
Neuron, Nature Neuroscience, Nature Immunology, Nature Medicine, Current Opinions in Neurology, Current Opinions in
Neurobiology, Trends in Neuroscience, Journal of Immunology, Cell, and many more.
***Any instance of academic dishonesty/plagiarism will result in zero points for the assignment and will be reported to the
Dean of Students. ***
Peer Review Expectations:
When peer reviewing your fellow classmate’s writing (NY Times-Style Article or Literature Review Paper), here are
some points to address:
 Grammar and punctuation – here you are being a copy editor.
 Style – does this writing follow the style of NY Times science article or a review article? (Different styles for different
assignment)
 Story telling – is it easy to read? Does the story follow a logical thought process, or does it feel disorganized or
jumping from point to point?
 Ideas – are the ideas presented clear and compelling? Did they choose the correct articles to site?
 Grading rubric – I will provide you with a grading rubric, for both the NY Times-Style Article and the Literature
Review Paper, which will provide a useful framework for which to review your peers’ work.
All written assignments should be submitted to Blackboard by the specific due date.
Due Dates:
Week 3
Week 5
Week 7
Week 8
Week 9
Week 10

Assignments
Presentation articles/dates selected
NY Times Article topics submitted
NY Times Article 1st draft due
NY Times Article peer review due
Literature Review Paper topics submitted
NY Times Article layperson interaction write-up due
NY Times Article final version due
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Literature Review Paper outline and reference list due
Literature Review Paper 1st draft due
Literature Review Paper peer review due
Literature Review Paper final version due

Point Distributions:
Grades in this course are divided between your performance in class and on written work. Late written
assignments will lose 10% per day late (including weekends). In addition, for each day a topic submission is late one point
will be deducted. Missed presentations will ONLY be excused if you have a doctor’s note or a family emergency. Under
these excused circumstances, the missed presentation will not count either for or against your final grade. For group
presentations, you are expected to share the work evenly. There are severe penalties for not doing so, and I ask you to let
me know (confidentially of course) if your group is not dividing work evenly.
IN CLASS:
Class Participation
Presentation (group)
Presentation (individual)
Quiz/KWLs

Points:
100
150
150
50

WRITTEN:
Discussion Comments
NY Times Article Peer Review
NY Times Article Layperson Write-up
NY Times Article
Literature Review Peer Review
Literature Review
GRAND TOTAL

Points:
50
50
50
150
50
200
1000

Grades:
Your final grade in this course will be determined based on the number of points you get on the above
assessments. If you earn the number of points below you will earn the grade below.
920-1000 = A
890-920 = A860-890 = B+
820-860 = B
790-820 = B-

750-790 = C+
720-750 = C
690-720 = C600-690 = D
Below 600 = F
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APPENDIX 3:
IMMUNOLOGY QUIZ
(10 points) Explain how the MHC I and MHC II antigen loading pathways are different. How do these differences account
for the types of pathogens presented by MHC I vs. MHC II?
(11 points) Explain the concept of “enough, but not too much” TCR signaling as it relates to the two main phases of T cells
development (positive and negative selection) in the thymus. Why are these selection processes important?
(11 points) Autoantibodies are characteristic of autoimmune diseases, such as systemic lupus erythematosus (SLE), type
I diabetes, Graves’ disease, and many others. Describe three ways in which the immune system actively guards against
the development of autoreactive B cells.
(11 points) Opsonization of pathogens by C3 (complement component 3) aids in the endocytosis by macrophages and
dendritic cells. There are people who have deletions in the C3 genes such that there are no detectable levels of C3 in
their blood. Would you expect these people to have a normal adaptive immune response? Why or why not?
(Extra credit: 3 points) You have a patient with autoimmune hemolytic anemia in which antibodies are produced against
red blood cells. This disease is caused by autoreactive B cells that have undergone clonal expansion and have a single
unique antigen specificity. You devise a treatment using monoclonal antibodies that would attack only a patient’s
abnormal B cells. This monoclonal antibody recognizes immunoglobulin on the abnormal B cell that is specific for this
patient. What would be the downside of using this therapy for a large number of patients? What are the benefits and
disadvantages if the monoclonal antibodies attacked all the patient’s B cells, instead of just the abnormal autoimmune B
cells?

Watanabe

Neuroimmunology

A182

APPENDIX 4:
NEW YORK TIMES-STYLE ARTICLE GRADING RUBRIC
(40 points) Introduction/Background
Did the article present the background material clearly and concisely?
Did the article generate interest and excitement in the topic and/or the paper being presented?
Did the article explicitly state how this paper is relevant to important question(s) in this field? In other words, did the article
present how or why this paper is advancing the respective field?
Did the article state the hypothesis that the author of the paper is addressing?
(40 points) Analysis and Explanation of Experiments
Did the article explain, in lay terms, the experimental approach and/or techniques used in the study?
Was the rationale behind the key experiments and results stated clearly?
Did the article present the right amount of details of study? (i.e., not so much detail that it reads like a review)
(40 points) Summary and Conclusions
Was there a clear and succinct summary of the major findings of the study?
Did you get a sense of the relevance of this work?
Did you get a sense of the importance of this work?
Did you get a sense of why you should care about this work?
(30 points) Style
Did the article flow well? Was the “story” told well?
Was the quality of the writing (e.g., grammar, spelling, punctuation) strong?
Was there enough
Peer Review Instructions:
Please keep the above questions in mind while reviewing the draft article. This is the rubric I will be using to grade the
final product. With that in mind evaluate how successfully the article addresses these specific questions. Throughout the
article, make comments, suggestions, and edits to help strengthen the article.
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APPENDIX 5:
LITERATURE REVIEW GRADING RUBRIC
(30 points) Section: Introduction
Does the introduction clearly describe a problem in the literature?
Is there enough scientific background information provided for the reader to understand the general importance and
significance of the work?
Does it include a statement of the main topic of the review?
Are limitations given about what the review will cover?
(70 points) Section: Body
Are trends and themes in the literature mentioned?
Does the author have a clear opinion about the literature?
Is their position defended well with specific examples from the literature?
Does the author address the continuity between previous and present research?
Are problems, controversies, gaps in the literature presented and explained in detail? Are they presented at the
appropriate points?
Does the author address the strengths and weaknesses of the papers that they cover in the review? In detail? With
specific examples?
Are there suggestions for improvement? Are the suggestions detailed?
Are details from the articles incorporated in a manner that effectively provides support/context for the author’s point of
view?
Is this section clearly and logically organized?
(30 points) Section: Conclusion
Does the author build a strong case for future studies? Do they state their approach?
Does the author have a hypothesis statement on what the next step in the research will be?
(40 points) General Writing Considerations
Is the paper carefully edited and proofread?
Are sentences clear?
Do paragraphs have topic sentences?
Are paragraphs unified, coherent and developed?
Are explanations or descriptions concise, avoiding redundancy and wordiness?
Are there transitions between sections?
Does the writing flow, in general? (i.e., are points or arguments developed logically?)
Are references cited throughout the paper? Is there a reference section at the end?
Were they appropriate to the points/arguments being made? Are they in an appropriate format?
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(30 points) Quality
Sophistication
Originality of interpretation
Effort put into the project
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