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Objectives. To design and implement a bioinformatics exercise that applies immunological principles
to predicting rejection of protein drugs based upon patient genotype.
Design. Doctor of pharmacy (PharmD) students used the Immune Epitope Database, a freely available
bioinformatics tool. Over a 2-week laboratory, students interrogated whether a protein drug would be
predicted to induce an immune response based upon patient genotype. Results were presented at the
last laboratory session, and students completed reports discussing their findings.
Assessment. Pre-lab quizzes and a final report were graded. Students answered questionnaires assess-
ing perceived learning gains. To determine the impact on student understanding of immunity against
protein drugs, the quality of student data analysis and comparisons to class data were graded. In-
dependent measures of student learning demonstrated that students developed a greater understanding
of how patient genotype could contribute to treatment failure with protein drugs.
Conclusions. This study indicates that questions related to clinical immunology can be posed using
bioinformatics tools.
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INTRODUCTION
New protein drugs, includingmonoclonal antibodies

and other recombinant proteins, are being approved for
treating a variety of disease states. In 2015 alone, the Food
andDrugAdministration approved protein drug therapies
for treating a variety of conditions, including asthma,
plaque psoriasis, high cholesterol, high-risk neuroblas-
toma, and multiple myeloma as examples.1 Immunosup-
pressant protein drugs (eg, etanercept, infliximab)
represent 3 of the top 10 revenue-generating drugs in
the United States in the past year.2 As protein drugs be-
come increasingly common in the marketplace and are
applied to a wider variety of disease states, there will be
an increased need for pharmacists to have an understand-
ing of the factors that may contribute to the success or
failure of protein drug therapy. Although many variables

may contribute to treatment failure with protein drugs,
one known cause is the development of anti-drug anti-
bodies (ADAs). Protein drugs have the potential to be
recognized by the immune system, despite quality control
efforts to minimize immunogenicity through engineering
of amino acid sequences that would be less likely to be
immunoreactive.ADAsmay then lead to neutralization of
the protein drug by the immune system, and thus reduce
efficacy or safety. In a cohort of rheumatoid arthritis pa-
tients treated with infliximab, an anti-tumor necrosis fac-
tor (TNF) monoclonal antibody, Wolbink and colleagues
observed that 69% of nonresponding patients had devel-
oped ADAs against the drug while only 36% of respond-
ing patients had developed ADAs.3 The presence of
ADAs is associated with low plasma concentrations of
the drug, which is a negative indicator for therapeutic
outcomes.4Although it is not yet possible to predictwhich
patients are most likely to mount an immune response
against a protein drug, analyzing the potential genetic
and environmental factors that contribute to immune rec-
ognition and ADA development against this drug class
will be important.

Pharmacy students often struggle to understand com-
plex immunological processes and the application of
those processes to clinical problems. In order for students
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to dissect the role of the immune system in interactions
with protein drugs, the students require an understanding
of how proteins are processed and “viewed” by the im-
mune system. In particular, the role of the major histo-
compatibility complexes (MHC) is often difficult for
students to master. These molecules, also referred to as
human leukocyte antigens (HLA molecules) in humans,
are responsible for presenting fragments of foreign pro-
teins for recognition by immune cells. The complexity
and diversity ofMHC alleles dictates whether individuals
will respond to an exogenous protein, such as a protein
drug, as foreign. MHC genes are characterized by sub-
stantial polymorphism (there are approximately 2000
known alleles), with certain genotypes appearing more
often in specific populations or in association with partic-
ular disease states. In the case of ADAs, MHC Type II
(MHC-II) alleles are especially significant in determining
whether antigen-presenting cells (eg, dendritic cells,mac-
rophages, B cells) will present epitopes from the protein
drug to helper T cells, subsequently leading to antibody pro-
duction. Briefly, foreign proteins are engulfed by antigen-
presenting cells and broken down into peptide fragments in
the acidic environment of the phagolysosome.Upon fusion
of the phagolysosome and endosome, the peptide frag-
ments from the foreign protein can be loaded onto the
MHC-II molecules. The loaded MHC-II molecules are
then transported to the surface of the antigen-presenting
cell, where the peptide/MHC-II complex is displayed to
naı̈ve helper T cells. If the helper T cell recognizes and
binds to the peptide/MHC-II complex, the helper T cell
subsequently activates other immune cells, including the
activation of B cells to produce antibodies against the for-
eign protein. Binding of the foreign peptide, or epitope, to
a particular MHC-II molecule is specific, with the amino
acid sequence of both proteins contributing to the affinity
of the interaction. Thus, the diversity of an individual’s
MHC-II alleles determines the repertoire of antigens to
which the helper T cells can respond.

The Immune Epitope Database and Analysis Re-
source (www.iedb.org) is a freely accessible bioinformatics
website supported by the National Institute of Allergy
and Infectious Diseases.5 The IEDB offers a collection of
search tools that can be used to ask immunological ques-
tions about epitope processing,MHCpresentation, and pre-
diction of T and B cell epitopes. The database is curated
from published experimental data from immunological as-
says as well as current, updated data from author submis-
sions.6 Based on the collected experimental data, users can
interrogate whether a given amino acid sequence would be
likely to bind to a particularMHC-II molecule. In querying
the database, the user can choose to examine their protein
sequence within the context of specific MHC-II alleles,

thereby providing an opportunity to compare immunoge-
nicity of a protein across MHC genotypes. By comparing
a protein sequence of interest to known epitopes within the
database, IEDB provides an initial step toward predicting
whether a protein sequencehas the potential to be presented
by an MHC-II molecule and induce an immune response.

The goal of our study was to design a bioinformatics
practicum for pharmacy students that would deepen their
understanding of immunogenicity and allow them to ap-
ply those concepts to a clinically related question. By
using the IEDB website, students were asked to predict
whether a protein drug would be presented by a specific
MHC genotype, to determine whether the epitopes iden-
tified within their drug shared sequence homology with
known allergens, pathogens, or self-antigens within the
database, and to interpret how their findings could impact
on therapeutic outcomes. As science curriculum stan-
dardsmove toward problem-based and inquiry-based lab-
oratory design, this exercise provides an opportunity to
ask questions about the interactions of an important class
of drugs with the immune system, while improving basic
understanding of complex immunological processes.7

DESIGN
The bioinformatics practicum took place within the

Ability-Based Laboratory Experience (ABLE) course for
second-year PharmD students. The ABLE is a mandatory
laboratory series that incorporates clinical and applied
subjects from current course work. Students are enrolled
in theABLE series throughout the first through third years
in the program. The bioinformatics practicumwas placed
within the spring semester of the second year in order to
coincide with the infectious disease course, where immu-
nity is frequently discussed, and with the rheumatology
course, where many of the protein drugs are introduced.
Within the rheumatology course, approaches to engineer-
ing protein drugs are discussed, with emphasis on differ-
ences between chimeric, humanized, and fully human
monoclonal antibodies.8 Basic immunology is taught
within the Human Physiology and Pathology course in
the first year, so the practicum occurred roughly 1 year
after the concept of MHC molecules and antibody pro-
duction had been taught in the classroom.

Laboratory sessions for the practicummet for 1 hour
in week 1, and for 2 hours in week 2 (total of 3 contact
hours with the instructors). Five laboratory sections were
included in the study (n5150 students). Students were
required to bring a laptop or tablet with Microsoft Word
installed and Internet accessibility. In the first week, stu-
dents were assigned 2 prelaboratory videos that reviewed
the immunology background and the question posed by
the laboratory exercise. Video 1 included the basics of
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MHC function, including a comparison of MHC-I and
MHC-II, as well as brief description of the genetic di-
versity at the MHC alleles (Video 1). Video 2 described
the overall clinical issue of anti-drug antibodies in pro-
tein drug therapy, as well as an outline describing the
tasks the students would perform in the laboratory
(Video 2). At the start of the first laboratory session,
a quiz was administered to students to test their under-
standing of the content in the prelaboratory videos. The
instructors then explained the expected outcomes and
learning objectives of the laboratory session (Table 1)
and presented a short tutorial (roughly 10 minutes) to
explain the IEDB interface, the data output that would
be generated from the first analysis of the database
search, and a worksheet that would be used to record
and annotate the initial dataset.

Each laboratory section was assigned a MHC-II
allele to analyze over the 2-week laboratory. MHC-II
alleles were selected by the instructors to include al-
leles associated with the development of autoimmune
disorders such as rheumatoid arthritis (DRB1*0401,
DRB1*0101 and DRB1*1001) or alleles without an as-
sociation with rheumatoid arthritis (HLA-DR1*0103 and
HLA-DR1*1502).9 These MHC alleles were selected in
order to include patient populations thatwould be likely to
receive protein drugs, such as the TNF inhibitors, in the
class dataset. Within each laboratory section, students
paired off independently for the exercise. Students chose
1 of 12 protein drugs that could be queried, which were
displayed from a Microsoft Excel file that was projected
in the room for the duration of the laboratory. Each pair of
students picked a protein drug of their choice, and entered
their names in the spreadsheet next to the corresponding
drug so that each drug was selected only once within
a laboratory section. After choosing a protein drug to
analyze, students downloaded a corresponding Microsoft
Word document from the university Blackboard site,
which included the name of the drug, the amino acid
sequence of the drug presented in FASTA format, and
a chart for recording predicted epitopes found by the
IEDB analysis.

A detailed outline of the IEDBworkflow is provided
for instructors for weeks 1 and 2 (Appendix 1). In week 1,
the students’ first task was to examine the protein drug for
potential epitopes that could be presented by the assigned
MHC-II molecule. Students were instructed to copy the

amino acid sequence of their chosen protein drug into the
MHC-II Binding Predictions tool on the IEDB site (http://
tools.iedb.org/mhcii/). To limit the parameters of the
search to the MHC-II allele assigned to their laboratory
section, students selected the appropriate allele from the
“Select MHC allele” dropdown menu. The instructors
informed the students to leave the other search parameters
(eg, output of rankings) at the default settings to ensure
that the group was viewing uniform datasets. Upon sub-
mitting the drug sequence into the search engine, IEDB
generates a list of potential epitopes in the drug sequence
that could be presented by the MHC-II allele based upon
homology to known epitopes for that allele. The predicted
epitopes are ranked by a percentile score where lower
percentiles equate to good binders to the MHC-II mole-
cule. The score of a given peptide is generated from
averaging of the rankings from several prediction
algorithms within IEDB. A percentile cutoff of 10% or
lower was used in order to focus student analysis on the
epitopes with the greatest likelihood of binding to the
MHC-II molecule. The students recorded the amino acid
sequence and location (eg, residue numbers of the poly-
peptide spanning the epitope) of the predicted epitopes
into the chart in their worksheet. Overlapping epitopes
that shared more than 50% of the same amino acids were
excluded by choosing a representative epitope from the
overlapping group that showed the lowest percentile
score. At the conclusion of the laboratory, students
recorded the number of predicted epitopes that were
found from their search in the laboratory section’s spread-
sheet in class. The spreadsheet was saved by the instruc-
tors and used as the starting point for data collation in the
next session.

In the second week of the laboratory, students com-
pared the predicted epitopes identified from the protein
drugs in week 1 with experimentally validated T cell epi-
topes in the IEDB. The goal of this exercise was to iden-
tify potential cross-reactive epitopes in the protein drugs
that could be found in environmental stimuli or infectious
agents. Despite the specificity of the adaptive immune
response, cross-reactivity between different antigens is
a common occurrence, and the role of cross-reactivity in
ADA development is poorly understood. Cross-reactivity
occurs when a T cell receptor (or antibody) binds to an
antigen that is not the same one used to elicit the immune
response. In the laboratory, the instructors explain an

Table 1. Learning Objectives for a Bioinformatics Practicum on Immune Recognition of Protein Drugs

I. Explain basic immunological concepts that underlie the basis of recognition of foreign proteins
II. Identify potential epitopes in protein drugs that could be recognized by specific MHC genotypes using online bioinformatics tools
III. Hypothesize how immune recognition of a protein drug could lead to treatment failures

American Journal of Pharmaceutical Education 2016; 80 (9) Article 147.

3

 b
y 

gu
es

t o
n 

N
ov

em
be

r 
5,

 2
02

0.
 ©

 2
01

6 
A

m
er

ic
an

 A
ss

oc
ia

tio
n 

of
 C

ol
le

ge
s 

of
 P

ha
rm

ac
y

ht
tp

://
w

w
w

.a
jp

e.
or

g
D

ow
nl

oa
de

d 
fr

om
 

https://youtu.be/1B4HDDzsj3o
https://youtu.be/5FVKCO5UGLo
http://tools.iedb.org/mhcii/
http://tools.iedb.org/mhcii/
http://www.ajpe.org


example of cross-reactivity, where a T cell epitope from
Epstein Barr virus was shown to mimic an epitope from
myelin basic protein.10

Using the predicted epitopes recorded duringweek 1,
students entered each unique peptide into the “Linear
Epitope” search on the IEDB home page. The lowest
possible stringency was used for the matching algorithm
(“BLAST – 70%” from the Linear Epitope dropdown
menu, allowing for 70% sequence identity or similarity11)
in order to capture the greatest number of matches in the
database. For each match to the queried drug sequence,
IEDB returns the amino acid sequence of the matching
epitope, the antigen fromwhich the epitope is derived, the
species of origin of the antigen (eg, human, mouse, path-
ogen), and the references for the experimental binding
data. Students recorded the data from each homologous
epitope, grouping epitope matches by origin of the anti-
gen, and repeated the searchwith any remaining predicted
epitopes from their protein drug. If nomatcheswere found
in the database, students recorded in a separate chart that
there were no homologous epitopes discovered.

After each pair of students had analyzed their data,
they recorded any matching epitopes in a master spread-
sheet thatwas projected on a screen in the classroom. Thus,
each class produced a list of potential crossreactive epi-
topes for a given MHC-II allele from a variety of protein
drugs.The instructors then led a discussionwith the class to
examine the types of antigens that were identified as po-
tential sources of cross-reactivity, and how prior or coin-
cident exposure to cross-reactive antigens could influence
therapeutic outcomes with a given drug. In subsequent
laboratory sections, students were shown the data from
another laboratory group as a point of comparison, as each
laboratory section analyzed the same list of drugs within
the context of presentation by a different MHC-II allele.

After the data collation and group discussion inweek
2, students completed a report based on their findings. The
laboratory report included a series of questions that asked
the students to apply their findings to a patient case in-
volving treatment with the drug they had analyzed in
laboratory, and to discuss the role of the potential role
of immune response in treatment failure. The students
had 1 week to complete the report, which was graded by
the instructors. The practicum was deemed to be exempt
by Duquesne University’s Institutional Review Board.

EVALUATION AND ASSESSMENT
A pre-laboratory quiz, the practicum exercises, and

a final laboratory report were graded for all students in the
practicum (n5150). The quiz was comprised of brief
short-answer questions that assessed whether students
had completed the pre-laboratory video tutorial and

gained an understanding of MHC function and cross-
reactivity. Each laboratory section was given a different
quiz to protect the integrity of assessment at the beginning
of the week 1 session, and there were no significant dif-
ferences between the laboratory sections (p.0.05 by
one-way ANOVA). Regardless of the laboratory section,
student performance on the prelaboratory quiz varied
(Mean (SD) 5 77.76 24). We speculate that the differ-
ences in performance on the prelaboratory quiz may have
been because it was a relatively low-stakes assessment
(ie, worth less than 1% of the final grade for the spring
ABLE sequence). Another possibility is that the immuno-
logical processes described and the application to antibody
development against protein drugs may have been difficult
to learn thoroughly fromwatchinga short video.Despite the
reasons for the wide range of scores on the prelaboratory
quiz, 63 students (42% of the class) received a grade of
.90% on the quiz, suggesting that many of the students
had learned the underlying immunological concepts before
entering the laboratory. While we could not track which
students had watched the video in order to correlate that
with quiz performance, future iterations of the laboratory
will increase the weight of the prelaboratory quiz grade to
ensure that students complete theprelaboratorypreparation.

The mean grade on the final laboratory project was
87.1%610.2% (n5150). Students performed strongly on
sections of the project that required explanations of immu-
nological processes, such as the role ofMHC-II molecules
in inducing an immune response against foreign proteins
(related to Learning Objective I; Mean5 88.9%) and how
proteinswith regions of amino acid similarity could lead to
the production of cross-reactive antibodies (related to
Learning Objective III; Mean5 84.9%, Table 2). Students
also were asked to consider a scenario where a patient was
initially responsive to the therapy, but 4 months later had
become unresponsive to the protein drug despite increased
dosage (Table 2; Patient Case sections). Scores related to
the patient case were lower in comparison to questions
regarding immunological prinicples. For example, thefinal
section of the project asked the students to suggest alterna-
tive explanations for why the example patient became un-
responsive to therapy. On average, students received the
lowest scores on this section (Mean5 76.1%; Table 2.)

In addition to direct measures of student learning, we
also measured perceived learning gains as reported by the
students. Pre- and post-laboratory survey instruments
were distributed to the students 1 week prior to the first
laboratory meeting and 1 week after the final project was
submitted. Completion of the surveys was voluntary and
anonymous. The response rate was 96% (144/150 stu-
dents completed the survey) for the pre-laboratory survey
and 89% (133/150 students completed the survey) for the
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post-laboratory survey. Eight statements regarding the
student’s perception of their understanding of different
topics raised in the practicum were assessed using a
5-point Likert scale (15strongly disagree with the state-
ment; 55strongly agree with the statement). Table 3
shows the comparison of pre- and post-laboratory survey
data. In the surveys, the term “biological disease modify-
ing anti-rheumatic drug (DMARD)” was used in place of
“protein drug” because the students had been introduced
to biological DMARDs in a pain management course
prior to the start of the laboratory. Students showed in-
creased confidence in their understanding of each subject
presented (p,0.001 byWilcoxon signed-rank test for all
questions). The greatest perceived learning gains were

reported in understanding the roles of MHC molecules
(11.9) and differences between MHC-I and MHC-II
(12.3), and in comfort levels for describing to a patient
how the immune response might interfere with protein
drug therapy (11.9). The highest score on both the
pre- and post-laboratory surveys was for the students’
understanding of cross-reactivity. The lowest perceived
improvement (11.5) on the surveyswas on understanding
how pharmacogenomics tools could be applied to predict
differences in immune responses in patients.

DISCUSSION
The bioinformatics practicum was designed to ad-

dress 2 perceived gaps in the pharmacy curriculum. First,

Table 2. Student Performance on the Final Project for a Bioinformatics Practicum on Immune Recognition of Protein Drugs

Laboratory Report Section Average Scores (SD) Average Percent
Related Learning

Objective

Identification of potential drug epitopes and candidate
crossreactive proteins by patient MHC allele
using iedb.org

9.3/10 (1.5) 93.2 II

Descriptions of the relationship between antigens
and epitopes in the induction of an immune response

3.6/4 (0.7) 89.7 I

Explanation of differences in MHC-I and -II in
recognition of foreign proteins

3.6/4 (0.5) 88.9 I

Discussion of immune crossreactivity with
clinically-relevant examples

3.4/4 (0.7) 84.9 III

Patient case: role of the immune system in
treatment failure with a protein drug

3.2/4 (1.0) 81.1 III

Patient case: speculation on other causes of
treatment failure with protein drugs

3.0/4 (0.9) 76.1 III

Average score out of the total points allotted for each section are shown. Sections are connected to the learning objectives described in Table 1

Table 3. Pharmacy Students’ Perceived Learning Gains After Completing a Bioinformatics Practicum

Survey Questions
Pre-laboratory

Scorea,b
Post-laboratory

Score Difference

I understand the phenomenon of cross-reactivity. 2.7 4.5 11.8
I can explain the role of MHC molecules in the immune response. 2.1 4.0 11.9
I understand the different roles that MHC‐I and MHC-II play in immunity. 1.7 4.0 12.3
Imagine that there is a patient who needs counseling for one of the

biological DMARDs. I would feel comfortable counseling the patient
on the how their immune system might reject this drug.

1.8 3.7 11.9

I understand how pharmacogenomics would apply to predicting treatment
outcomes in patients on biological DMARDs.

1.9 3.6 11.7

I understand how pharmacogenomics tools can be applied for studying
differences in immune responses in the human population.

2.3 3.8 11.5

I am comfortable explaining how anti-drug antibodies are formed. 2.3 3.9 11.6
I can explain the role that anti-drug antibodies play in treatment

failures with biological drugs.
2.3 4.0 11.7

MHC 5 major histocompatibility complex; DMARD 5 disease modifying anti-rheumatic drug
aResponses to survey questions were based on a 5-point Likert scale ranging from 1 5 strongly disagree to 5 5 strongly agree
bData are reported from 5 laboratory sections

American Journal of Pharmaceutical Education 2016; 80 (9) Article 147.

5

 b
y 

gu
es

t o
n 

N
ov

em
be

r 
5,

 2
02

0.
 ©

 2
01

6 
A

m
er

ic
an

 A
ss

oc
ia

tio
n 

of
 C

ol
le

ge
s 

of
 P

ha
rm

ac
y

ht
tp

://
w

w
w

.a
jp

e.
or

g
D

ow
nl

oa
de

d 
fr

om
 

http://www.ajpe.org


we have found that pharmacy students often fail to retain
their understanding of immunology from the first year. In
Duquesne’s PharmD curriculum, immunology is taught
in 6 contact hours within a broader Human Physiology
and Pathology course. Because the immunology material
is embedded within a much larger course, the students
may not recognize its importance or application to other
subjects, and thus not prioritize retention of the informa-
tion. By providing an inquiry-based laboratory that incor-
porates basic immunology, the bioinformatics practicum
provides students with a mechanism to apply their under-
standing of immunology to a more clinically related ques-
tion. Second, protein drugs are becoming more widely
used, particularly for chronic disease states where pro-
longed administration is necessary. Thus, it is important
for student pharmacists to consider how these drugs may
interact with the immune system. Although protein drugs
are engineered to minimize immunogenicity, the diversity
of MHC molecules and the potential for cross-reactivity
present challenges for predicting whether a drug will be
recognized by an individual’s immune system.11,12 Thus,
the practicum was designed to highlight these challenges
so that students could appreciate the complexity of using
a foreign protein as a therapeutic.

Students’s final report scores suggest that they com-
pleted the data acquisition and analysis from IEDB with
relative ease (93.2%615%, Table 2), and were able to
address corresponding questions about the protein struc-
ture (eg, humanized monoclonal, chimeric proteins) and
the mechanism of action of their protein drug of choice.
The scores also suggest that many of the students im-
proved their understanding of immunological processes
(eg. MHC presentation, cross-reactive epitopes) after
completing the pre-laboratory quiz and laboratory exer-
cises. However, students struggled more with applying
their results to a hypothetical patient case involving the
protein drug assayed in the laboratory.Most studentswere
able to offer a reasonable explanation of how the immune
response could have come to recognize the protein drug
based upon the make-up of their MHC-II haplotype, but
we unable to explain whether the timeframe of the treat-
ment could reasonably be expected to involve immune
rejection. In other words, some students were confused
as towhether 4monthswas a reasonable period of time for
an antibody response to bemounted against a foreign pro-
tein.While we did not delve specifically into the timing of
an antibody response, we had expected that the students
would be able to extrapolate a senseof the timing fromtheir
infectious disease course, where the development of im-
mune responses is often discussed in relation to the start of
an infection and to vaccination. Students struggled most
when asked to hypothesize about possible explanations for

why a patient would become unresponsive to therapy over
time. We suspect that students were weaker in this section
because it was the most speculative part of the assignment,
requiring the students to consider not only the immune
processes that were the focus of the laboratory but also
specifics of the disease state for which their drug of choice
would be prescribed. As an example, treatment failurewith
cetuximab, a monoclonal antibody used in colorectal and
head and neck cancers, or with daclizumab, a monoclonal
antibody used to prevent rejection of organ transplants,
may involve factors that are specific to the disease state
as opposed to an issue of immunogenicity of the drug. In
future iterations of the course, theremay be a need to orient
students to the broader context of therapeutics, with devel-
opment of anti-drug antibodies as just onepossible cause of
secondary treatment failures. Regardless, most students
(92.7%) received some partial credit on this section be-
cause their responses suggested that theywere able to begin
reasoning through some of the additional factors that can
contribute to lack of efficacy with protein drugs.

In the pre- and post-laboratory surveys, students
expressed the greatest confidence in their understanding
of cross-reactivity (Table 3). Based on the quality of the
answers in the prelaboratory quiz, we did not anticipate
a relatively high degree of confidence on the subject in the
prelaboratory survey. However, cross-reactivity is dis-
cussed in other courses, such as Infectious Disease I and
II, which also take place in the second year. Thus, students
would have had repeated exposure to the topic of cross-
reactivity in the same semester, which may explain their
comfort with the topic. The lowest response in the post-
laboratory survey addressed how pharmacogenomics ap-
plied to prediction of treatment outcomes. We speculate
that students were less comfortable with this statement as
we had explained the laboratory in terms of a bioinfor-
matics exercise, and had not emphasized potential appli-
cations to pharmacogenomics in the laboratory sessions.
Nevertheless, students reported a positive trend in their
understanding of the subjects presented in the survey.

Students were more successful at explaining multi-
step immune processes than at explaining the possible
role of cross-reactivity in the development of anti-drug
antibodies. We suspect that the application to cross-
reactivity was more challenging because it involves
multiple immune recognition steps within an undefined
timeframe. Moreover, it is not known howmuch of a role
cross-reactivity plays in treatment failure with protein
drugs. The outstanding questions regarding cross-reactivity
were emphasized by the instructors in order to encour-
age the students to view the exercise as an experiment.
Therefore, the students’ uncertainty may be appropriate
because it is a very experimental question rather than
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a clearly documented process that can be cited and mem-
orized. Nevertheless, students reported confidence in
their understanding of cross-reactivity itself, even if they
were less certain about how the processmight unfoldwith
protein drug therapy.

The T Cell Epitope Prediction Tool in IEDB func-
tions as a Web-based server in ranking potential MHC
ligands (La Jolla Institute for Allergy and Immunology,
La Jolla, CA). It operates by calculating the median per-
centile ranks of peptides generated from a collection of
prominent MHC predictive methods. This mode is re-
ferred to as the “Consensus” method. However, the user
has the option of choosing a specific algorithm for epitope
prediction.13 These include NETMHCIIpan, NN-align,
SMM-align, Combinatorial library, and Sturniolo. The
most efficient option would be to let the IEDB server
select the most appropriate method; it could either select
Consensus or apply one of the algorithms, depending on
the MHC allele being queried. In the laboratory exercise,
we used the default option of allowing the server to select
the best method. Added to this flexibility is that the MHC
prediction function is interfaced with experimental T cell
assay data mined from the literature. We propose that
having a working knowledge of IEDB would equip stu-
dents with a broad view of adaptive immunology, a learn-
ing outcome unlikely to be achieved by designing the
exercise around a specific MHC prediction algorithm.

In addition to theMHCbinding prediction and T-cell
epitope search, students may benefit from engaging other
IEDB features. Skill-based activities designed around the
suite of B-cell epitope prediction tools would reinforce
a 3-dimensional perspective of antigen and antibody in-
teractions. Using known examples, the tools can be used
to illustrate the difference between linear and discontin-
uous epitopes. Hands-on bioinformatics exercises using
different protein sequences would provide opportunities
to further explain antigenic drift and point mutations in
pathogenic proteins. An example of assessment would be
asking students to explain the challenges in developing
effective HIV vaccines. NetChop is another feature that
can be integrated into laboratory courses; this tool is used
to predict proteasomal cleavage of MHC class I ligands.
This level of granularity is often beyond the scope of
immunology courses taught in pharmacy programs.How-
ever, understanding the mechanisms involved in process-
ing of MHC-I ligands is crucial in evaluating the
pharmacological rationale and clinical performance of
cancer vaccines and immune checkpoint inhibitors. Pop-
ulation Coverage is another tool that can used to build
assignments; analysis of individuals’ responses to a given
set of epitopes can be used to highlight the rationale for
personalized medicine. Thus, IEDB is an underutilized

educational platform on which learning could be en-
hanced throughout the pharmacy curriculum.

The epitope data in IEDB is curated from the pub-
lished literature on infectious disease, allergy, transplant
rejection, and autoimmunity.5 While the database is the
most comprehensive of its kind, there are limitations to
the data that should be considered when using IEDB for
an inquiry-based activity. While searching for potentially
cross-reactive epitopes, some queries did not receive any
hits in the database. Students took an absence ofmatches to
mean that the epitope found in their drug would not cause
an immune response because therewas nothing similar to it
in the database.However, the epitope search can only com-
pare the input sequence to epitopes with previously docu-
mented experimental support. Thus, it is possible that the
input sequence has homology to epitopes that are not iden-
tified yet or that it truly does not share homology with
another sequence. While this distinction can be confusing
for the students initially, we found it helpful to address it
while we had the class discussion to review the data.

Of the articles that cite IEDB as a resource,5,14 we did
not find any that used IEDB in an educational setting. A
recent conference presentation reported using IEDB in an
undergraduate microbiology course to search for epitopes
within methicillin-resistant Staphylococcus aureus, which
resulted in improved learning outcomes.15 Despite the lim-
ited examples of IEDB as an educational tool, we present
findings that IEDB can be readily integrated into a class-
room or laboratory setting. IEDB is freely available and
only requires a computer and Internet connection to use;
thus, other schools of pharmacy could easily access these
search tools and data for use in their laboratory teaching. In
addition to opportunities for PharmD students, the bioin-
formatics practicum could be adapted for use as an inter-
disciplinary project with students from other health care
professions. Pharmacy students could be paired with nurs-
ing or medical students to investigate whether a series of
related protein drugswould be predicted to containT andB
cell epitopes based on a common patient haplotype. Using
this practicum as a starting point, the students could then
propose a hypothetical clinical trial to test their predictions
for immune recognition of the protein drugs as a final as-
sessment. The practicum could also be altered for prephar-
macy students or undergraduate students in microbiology
or genetics courses, where the emphasis could be shifted
from patient outcomes to immune processing.

SUMMARY
We report on a bioinformatics exercise that asks stu-

dent pharmacists to consider the therapeutic implications
of protein drugs and common environmental exposure
to antigens. The mechanics of the exercise provided
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opportunities for students, working in pairs, to recall fun-
damental principles of pharmaceutical biotechnology and
immunology. Pharmacogenomics is the synthesis of the
concepts. The expanding use of protein drugs highlights
the need for this and similar bioinformatics problem-solving
modules integrating concepts in the pharmacy curriculum.
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Appendix 1. Tutorial for Instructors

Supplemental material for “A bioinformatics practicum to develop student understanding of immunological rejection of protein
drugs”

These instructions describe how to utilize the Immune Epitope Database as part of a laboratory exercise for analysis of MHC-II
ligands in protein drugs. Video tutorials on the background and other aspects of the IEDB interface are available here:

http://help.iedb.org/entries/140865-How-To-Videos

For the Bioinformatics Practicum, students selected a protein drug from a list of sequence provided by the instructors. Each lab
section was also assigned a specific MHC-II allele (e.g. HLA-DRB1*0401). Students then performed two tasks within IEDB using
the protein sequence of the drug:

1. Identify potential MHC-II ligands for their assigned allele in the drug sequence (Week 1).
2. Determine whether the MHC-II ligands from Week 1 showed cross-reactivity with known T cell epitopes (Week 2).

Below, you will find instructions on how to navigate the IEDB interface for each week’s assignment.

INSTRUCTIONS (Week 1): Identifying potential MHC II epitopes in the protein drug
1.) The students choose a protein drug from a list provided by the instructors. After the students have selected a drug, they

are instructed to download a corresponding word document from Blackboard that includes the amino acid sequence of
the drug. Students are then directed to the website for IEDB.

2.) Enter the IEDB website (http://www.iedb.org)
i. On the IEDB homepage, go to the “Epitope Analysis Resource” box. Within the box, click on the “MHC II binding”

link.
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1. You will be taken the “MHC-II Binding Predictions” page. Paste the amino acid sequence of the protein drug into the
top window.

a. Enter the protein sequence in FASTA format (e.g. add a “.” followed by the name of the name of the drug,
hit “Enter,” and then paste the protein sequence on the next line).

b. For the purpose of this exercise, we provided the students with the sequence of the heavy chain only (when
the protein drug was an antibody).

2. Below the space to enter the protein sequence, there will be multiple dropdown menus that will define the search
parameters.

a. Under the dropdown menu labeled as “Allele,” select an appropriate MHC II allele
i. We assigned each lab section a unique allele, so that each section was examining multiple drugs with one allele.

b. We used the preset selections for other choices on this page, so the other dropdown menus were not changed.
c. Once the appropriate MHC II allele is selected, click on the “Submit” button on the bottom, right corner.
d. The programwill run each contiguous 15 amino acid fragment from the drug. Each fragment will be scored by how
likely it is to bind to the chosen MHC-II allele.

3. You will be taken to a page called “MHC-II Binding Prediction Results.”
a. We use the “percentile rank” (last column) to sort the data. A low percentile rank is indicative of protein

sequence that has a high likelihood of binding to the MHC-II molecule. A high percentile rank means that the
sequence is less likely to bind.

b. Results are listed in order by ascending percentile rank. Thus, the peptides at the top of the list (and with
a low percentile rank) are more likely to be good binders to the MHC II allele of choice.

c. As a cut-off, we only examine sequences with a percentile rank that is less than 5%.
3.) Sort the data in the “MHC-II Binding Prediction Results” page to eliminate overlapping peptides.

a. Each search typically yields over 100 hits. By eliminating hits with a percentile rank.5%, the number of peptides
will be reduced. However, even after eliminating peptides .5%, there often were too many peptides left to carry
forward into the next analysis.
i. In order to focus the analysis, overlapping peptide fragments will be discarded. This step is not required, but
we found that it streamlined the lab session.

b. Start at the top of the list (with the peptide with the “best,” or lowest, percentile rank.)
c. For the 1st hit, look at the “start” number for the peptide.

i. For the sake of an example, let’s say that the first hit starts at amino acid 75.
d. Add/subtract 10 from the start number to give a range of start numbers.

i. In our example, the overlapping range for the first peptide is 65-85.
e. Scan the list for peptides that start between 65-85.
f. Eliminate fragments that start in the overlapping range from the next analysis.
g. After eliminating the overlapping peptides for the first hit, move to the next peptide on the list and repeat the process.
i. Repeat until all of the peptides ,5% have been covered.

4.) Students record the non-overlapping peptides (amino acid sequences, start/end numbers, and percentile rank score) in
a Word document chart. The students are instructed to bring the chart to the next lab session. A worksheet with questions
regarding the structure of the protein drug (e.g. chimeric antibody vs. humanized antibody), the molecular target of the
drug (e.g. TNFa), disease states for which the drug is prescribed, and the effect that the drug would have on pathogenesis
is assigned. Students are instructed to hand in their chart and worksheet at the next lab session.

INSTRUCTIONS (Week 2): Prediction of cross-reactivity
1.) In Week 2, students compare the drug peptides that they recorded in Week 1 (e.g. those peptides that are predicted to bind

to the assigned MHC II allele) to known T cell epitopes (e.g. peptides that have been shown in the literature to be
recognized by T cells). The goal is to consider whether the drug peptides that are potentially presented by the MHC II
molecule possess similarity to known T cell epitopes. If so, then there is potential for cross-reactivity between the drug
and the known epitope.

2.) Students are directed to the IEDB homepage.
a. In the “Epitope Search” window, select “Linear Epitope.”
b. Paste one peptide sequence from the Week 1 analysis into the box below “Linear Epitope.”

i. In the dropdown menu below “Linear Epitope,” select “BLAST – 70%.”
1. The BLAST percentage determines how similar the amino acid sequences must be in order to be considered
a match.
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2. “BLAST-70%” means that the peptide from the drug will be considered a match to any epitope in the
database that has 70% amino acid identity.

3. We chose “BLAST-70%” because cross-reactive epitopes have been identified with 70% similarity.

ii. In the “Assay” window, select “Positive Assays Only” and “T cell assays.”
1. “Positive Assays Only” is selected so that negative data is omitted from the comparison. In essence, matches
will be considered if a peptide was shown to elicit a T cell response in a published experiment. If a peptide did
not elicit a T cell response, it is ignored in this analysis.

2. For a protein drug to elicit an immune response, T helper cells would ultimately have to bind to a fragment of
the drug when it is presented by an MHC II molecule. Here, we focused on “T cell assays” to ask whether any
other peptides with sequence similarity to the protein drug had been shown to elicit a T cell response. If so,
then the peptide fragment from the drug has the potential to be crossreactive to the peptide found in the
database.

iii. Hit the “Search” button at the bottom of the frame.
3.) Students record the results of the database search.

a. If a matching epitope is found in the database, the students record the epitope (e.g. the sequence of the matching
peptide), the antigen (the protein from which the T cell epitope was derived), and the organism from which the
antigen is found (typically human, mouse, or a pathogen).
i. It is possible that there will be no matches in the database. This means that there is no experimental data
currently published that is similar to the input sequence.

b. Students categorize the match based upon the host: bacterial, viral, autoimmune (human or mouse proteins
depending upon the model that was tested in citation), or allergen (such as grass or dust mites).

c. Students repeat the search with any other drug peptides that were recorded during Week 1.
d. Students complete a worksheet regarding how matches could result in a cross-reactive immune response and

influence treatment outcome (see text for details.)
4.) For further information on the epitopes in the database, one can select the “Assays” tab or the “References” tab on the

results page. The “Assays” tab lists the experimental data that was used to demonstrate that the entry was a T cell epitope
(e.g. 3H-thymidine proliferation assay). The “References” tab provides a link to the paper that included the epitope data.

a. We did not ask students to look into these tabs. However, the tabs show the availability of the experimental
evidence that was used to log the epitope into the database.
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