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Understanding Immunity

Immunity is a complicated 
phenomenon, encompassing the 
multitude of ways organisms can resist 
infection. Adaptive immunity is induced 
by both natural exposure to a pathogen 
and artificial exposure via vaccination, 
and it enables our bodies to become 
highly proficient disease-fighting 
machines. With the rise of antimicrobial 
resistance, novel vaccination strategies 
are an increasingly important way to 
optimise our own immunity and shift 
the focus from treatment to prevention.

Identifying the ways in which pathogens 
can trigger an immune response is a 
key element of vaccination strategies. 
This requires a strong understanding of 
the biochemical make-up of pathogens 
as well as of our immune system and 
how it becomes activated. With this 
knowledge, we can more effectively 
target viral diseases like influenza, 
Hepatitis C (HCV), and tuberculosis, 
which affect millions of people each 
year. Indeed, other global killers like 
cancer and autoimmune diseases 
can also benefit from our evolving 
knowledge of immunity as we develop 
therapeutics that can help when the 
immune system malfunctions.

Dr Agrawal and her team from the 
University of Alberta, Canada, are doing 
just that. Focussing on three specific 
projects, she hopes to improve our 
understanding of how the immune 
system can be targeted and harnessed 
to help us develop new therapeutics. 
These projects are investigating 
heterologous immunity and vaccination, 
subunit viral vaccines, and the role of 
T-cell modulation in chronic disease.

Heterologous Immunity

The concept of heterologous immunity 
is of particular interest to Dr Agrawal. 
This is the ability of a vaccine to induce 
immunity not just against its intended 
target but also against a pathogen for 
which it was not intended. The concept 
can be traced all the way back to the 
first vaccine discovered by Edward 
Jenner. He noticed that milkmaids 
were much less susceptible to smallpox 
because they were contracting cowpox, 
a virus in the same family. Over the 
course of his research, he was able to 
develop the cowpox virus into a vaccine 
which successfully conferred protection 
against smallpox as well.
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The rise of pandemic-causing viruses is a worrying development 
arising as a by-product of our hugely connected world, and 
scientists must forge new paths to tackle these diseases. With 
researchers like Dr Babita Agrawal from the University of Alberta 
at the helm, we can hope to enter a new era of preventatives and 
therapeutics to help us fight disease. Dr Agrawal and her team are 
investigating novel vaccines and immunotherapeutics for influenza, 
Hepatitis C, tuberculosis, and even cancer.

The principal is fairly simple – protein 
sequences on the surface of one virus, 
like cowpox, engage our immune system 
to produce specific antibodies against 
it. Because the protein sequences on 
the surface of smallpox are similar 
enough, the antibodies against cowpox 
will recognise and attack the smallpox 
virus too. The antibodies are described 
as being cross-reactive. In addition to 
similarities between pathogens, T cells 
and antibodies in our body demonstrate 
significant plasticity in recognising their 
targets and contribute to heterologous 
immunity. The smallpox vaccine was 
developed to become more and more 
effective until the global vaccination 
program in the mid 20th century was 
able to achieve total eradication. 
Interestingly, scientists also observed a 
downward trend in other diseases like 
measles and scarlet fever.
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Dr Agrawal believes that the smallpox 
vaccine might have been inducing 
heterologous immunity against other 
pathogens. Physiologically, it would 
be desirable for our immune systems 
to be able to respond quickly to a 
wide range of pathogens, which might 
explain why antibodies and T cells 
can recognise more than just their 
intended target. Indeed, no human is 
immunologically naïve due to the near 
constant encounters with microbes 
both from our environment and within 
our own microbiome, giving us a library 
of immune cells which could cross-react 
with novel pathogens.

It remains difficult to accurately identify 
just what is at play when it comes to 
vaccine-related heterologous immunity. 
However, epidemiological studies of 
populations have revealed that it may 
be more prolific than we thought and 
could be aiding the prevention more 
than just the diseases people are 
vaccinated against.

In a recent study, Dr Agrawal and 
her team identified similar protein 

sequences in the hepatitis C virus and 
adenovirus, suggesting the possibility 
of immune cross-reactivity. Their 
studies further demonstrated robust 
cross-reactive immunity between HCV 
and adenovirus. These original studies 
were recommended by F1000 Prime in 
2016. By studying the mechanisms by 
which adenoviruses can induce a level 
of immunity to HCV she intends to find 
out whether this could be exploited 
clinically. Moreover, adenoviruses are a 
ubiquitous cold-causing pathogen and 
their high prevalence in our lives may 
have a subtle impact on HCV infection 
in populations. This is something Dr 
Agrawal is committed to studying 
further.

Adenoviruses are also a popular viral 
tool used by scientists due to the 
ease with which they can be modified 
which makes them unable to cause 
disease while maintaining their protein 
sequences. Because of this, they have 
widespread use as vectors for other 
vaccines and Dr Agrawal also considers 
the possibility that cross-reactivity 
induced by vaccination regimes may 

impact the prevalence of HCV infection 
as a by-product. 

While heterologous immunity may 
be advantageous in increasing the 
repertoire of pathogens that we are 
protected against, the potentially 
harmful effects must also be considered 
before we try to make use of it. These 
include the possibility of antibodies 
cross-reacting with proteins on our own 
cells, causing autoimmune disorders, 
and a phenomenon known as antibody-
dependent enhancement, where 
antibodies against a pathogen end 
up doing more harm than good. If we 
want to utilise the possible benefits of 
heterologous immunity, we must also 
identify the ways in which it could go 
wrong.

Fighting Microbial (or Mini) Giants

Dr Agrawal’s second arm of research 
concerns the development of subunit 
vaccines for influenza and tuberculosis 
(TB). TB is incredibly difficult to treat 
due to its widespread drug resistance 
and eradication is hampered because 
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the only available vaccine, the Bacillus Calmette-Guérin (or 
BCG) vaccine is lacking in efficacy. Subunit vaccines take the 
protein sequences which trigger immunity and deliver them on 
their own, reducing side effects which come with using a whole-
killed pathogen and being much easier to produce.

What Dr Agrawal and her team found was that a sequence 
within a TB protein called ESAT-6 was capable of engaging the 
immune system and enhancing its ability to respond to TB. 
This concept of ‘boosting’ the immune system is a common 
practice which is generally completed before vaccination to 
improve the immunity induced by it. Interestingly, this research 
demonstrated that administering the ESAT-6 sequence as a 
subunit vaccine after both BCG vaccination and TB infection 
was more effective in helping immune cells to clear it.

Dr Agrawal suggests that this may ‘re-educate’ the protective 
immunity brought on by BCG vaccination. Currently, her team is 
exploring ways to broaden this immune response even more by 
incorporating other sequences from TB.

Building on her knowledge of viral proteins, Dr Agrawal 
wanted to go a step further and find out if the influenza virus 
possesses a common sequence between all strains which can 
be made highly immunogenic, allowing for a universal vaccine 
to be developed. Due to the ability of the influenza virus to 
constantly change the proteins it expresses on its surface, we 
currently implement seasonal vaccines which change each 
year, depending on which strain is most prevalent. Using a 
conserved sequence between all influenza strains would enable 
a single flu vaccine to be developed.

A Helping Hand

Dr Agrawal’s final research focus is on how the immune system 
is regulated. Breakthroughs in immunology have revealed the 
essential role of T-cells in maintaining immune homeostasis 
and an effective immune response. To prevent autoimmunity, 
there are several checkpoints newly born T-cells need to pass 
which make sure that they are tolerant of the self and prevent 

ongoing tissue damage during inflammation. Researchers 
have identified modulator molecules, some of which act as 
stop signals, inhibiting the action of T-cells, and others which 
stimulate them.

The latter drugs have huge potential for application in cancer 
and some chronic infections, where the immune system’s 
attempts to fight malignancy are thwarted. Stimulating the 
immune system with immunotherapy has been an important 
part of cancer therapeutics since its discovery, and in 1998 Dr 
Agrawal contributed significantly to the field with her discovery 
of a novel T-cell regulator, MUC1.

MUC1 is a protein known to be present on many tumour cells, 
but Dr Agrawal and her team made the serendipitous discovery 
that it is also present on activated T-cells. T-cells play many 
roles in immunity, including killing pathogens, and directing 
and controlling the immune response. By uncovering the 
ways that T-cells regulate the immune response we can better 
understand how it works and why it might go wrong.

Diseases like cancer as well as autoimmunity can be caused 
by a dysregulation of T-cell activity. Tumour cells are able 
to present inhibitory signals to T-cells, preventing them 
from doing their job. In autoimmunity, the tightly regulated 
checkpoints can fail, resulting in the generation of T-cells 
which mistakenly target and kill healthy cells. For both these 
conditions and many more, Dr Agrawal believes that MUC1 
could be a valuable target for novel immunotherapeutics to 
restore the activity of T-cells to normal.

Dr Agrawal’s research continues to focus on the interactions 
between the immune system and pathogens and how we can 
develop novel therapeutics to finetune this for our benefit. 
Looking to the future, Dr Agrawal hopes to lead the way in the 
development of novel vaccination strategies, preventatives, and 
immunotherapeutics for some of the world’s most notorious 
diseases, with a particular focus on finding a universal influenza 
vaccine and a therapeutic vaccine for TB.
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Award and a Senior Scholar Award from the Alberta Heritage 
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