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Miniscope Decode Brain Circuits

nVue system
Dual Color Imaging with Free Behavior

Applications

Static + Dynamic Dual Dynamic
Imaging Imaging

Blood Flow Dynamics
Data Processing

E
< Image two distinct cellular populations from shallow
Or deep brain regions simultaneously with single-cell resolution>

nVoke system

Integrated in vivo calciurm imaging and optozenstics
Two populations Two populations Same cells
nVoke % %% * " a® #% %%
" . LA B W™ L ol ™ [T ] -®
Applications n.:.‘. ol sssle
)
VALIDATED VALIDATED VALIDATED
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VALIDATED VALIDATED -
: d . - VALIDATION
™ <Record cellular-resolution calcium imaging with optogenetic

Manipulation>

Applications
- Resting state functional
connectivity
- Functional Neuroimaging
- Vascular imaging
- Neuro pharmacology
= Clinical research

<The one with the sensitivity and resolution needed to see what’s happening
in the brain at the finest scales>
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Two-Photon Microscopy
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Complex wavefront modulation

Straightforward system integration
Linear & hysteresis-free response
Remarkable optical quality :_
Polarization-independent & diffraction-free el ————

Microscopy
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X-Cite NOVEM
LED lllumination System

Spectral coverage Fura-2 ~ IR800

9 channel wavelength selection
LaserLED Hybrid Drive

with four-position motorized filter changer
Pre-installed clean-up filters, Whisper quiet operation
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Compact Diode & DPSS Laser Series . WiDy SenS SWIR Camera
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16bit high sensitive
190 ~ 1100nm
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Question 01

Student: Okay, let's start with some questions. The first ques-
tion is about your research in immunology. Could you please

provide a brief explanation of your studies?

Professor: Sure. My research focuses on innate immunity and
innate immune responses and their implications in health and
disease. To organize my overall research theme, | have divided
it into five major sections. 1) Innate immunity and host defense
against infection. 2) Innate immunity and cytokine storm. 3) Im-
plication of innate immunity in tumorigenesis. 4) Implication of
innate immunity in auto-inflammatory and metabolic diseases.
5) To understand the crosstalk between innate and adaptive im-
munity.

The first section, innate immunity and host defense against in-
fection, is about how our body’s innate immune system helps us
stay healthy despite living with microorganisms such as bacteria,
viruses, and fungi. Our cells have different types of receptors,
such as membrane-bound receptors or cytosolic receptors, that
recognize pathogens invading the cells from the outside. When
these receptors are activated, they release cytokines that help
clear the pathogens, keeping us healthy. Different pathogens or
their variants use different receptors to mount immune re-
sponses. Therefore, my research goal is to identify novel recep-
tors responsible for sensing these pathogens using emerging

techniques.

Student: Do you have a specific type of pathogen that you are

particularly interested in?

Professor: | am open to studying any type of pathogen, as the
receptors that recognize these pathogens are not well under-
stood. | want to use different types of pathogens, whether they

are new or old, to identify novel receptors.
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Student: Are there any receptors that you are par-

ticularly interested in?

Professor: | am particularly interested in cytosolic
receptors, such as DNA or RNA sensing receptors,
as they play a crucial role in innate immunity. Beside
the nucleic acid sensors, | am also interested in
identifying the new receptors involved in recognizing
emerging or re-emerging pathogens. If you have any
questions about this first section, please feel free to

ask. Otherwise, | can move on to the second section.

Student: |wanted to ask about the second section,
cytokine storm, because | heard that you published

a paper on this topic in a CELL press journal.

Professor: Yes, the second section is about innate
immunity and cytokine storm. Innate immunity is es-
sential for clearing pathogens, but sometimes it can

also damage our tissues and organs. Therefore,

2023 Summer

regulation of innate immunity is crucial for main-
taining homeostasis. If the immune system is over-
activated, it can release a large number of cytokines
into the circulation, resulting in a condition called
cytokine storm. The two major cytokines, TNF and
interferon gamma, can coordinate or combine to in-
duce cell death, which can further trigger the re-
lease of more cytokines, creating a positive feedback
loop. This cytokine storm can cause collateral dam-
age to organs such as the lungs and liver. Diseases
such as COVID-19, CAR-T cell therapy, and autoim-
mune disease HLH (Hemophagocytic Lymphohisti-
ocytosis) are known to be associated with cytokine
storm. I recently found that neutralizing TNF and in-
terferon gamma can prevent or cure COVID-19, so |
want to investigate if this approach can be utilized

for other cytokine storm diseases as well.

Student: Okay, and could you move on to the third

part?

Lung Infection

Innate Immunity

Cytokines

* Other cytokine storm-mediated shock

Potential Therapeu

cell death
PANoptosis



Professor: Okay, the third part is actually about can-
cer cell death. One of the hallmarks of cancer is its
ability to resist cell death, which can result in the de-
velopment of a tumor. Techniques like chemotherapy
and radiation have historically been used to induce
cell death and kill cancer cells. The major type of cell
death induced by chemotherapeutics is apoptosis, but
somehow cancer cells develop resistance to apopto-
sis induced by chemotherapy. Now, we have identified
some triggers that not only induce apoptosis, but also
other forms of cell death simultaneously. If cancer
cells are resistant to apoptosis, why not switch to
other forms of cell death so that cancer cells eventu-
ally die? One of the triggers we identified is TNF
(tumor necrosis factor] combined with interferon
gamma, which induces pyroptosis and necroptosis as
well. When we applied this combination in a mouse
model of melanoma, tumor growth was inhibited,
which seems promising. So, why not identify more
triggers that induce different types of cell death,
rather than just relying on a single type of cell death?
Switching cell death from apoptosis to other forms or
engaging multiple types of cell death simultaneously
may be a better approach for treating cancer. That's
why I'm interested in identifying such triggers that can

be used to suppress tumorigenesis.

Student: | have a question. Do we have to specifi-
cally target cell death only to cancer cells? Is it pos-

sible to induce cell death only in cancer cells?

Professor: That's a difficult question. One advantage
we can take is that cancer cells might be more sen-
sitive to certain triggers of cell death. In our experi-
ments, when we gave the TNF and interferon gamma

combination to normal mice, there was no toxicity.

But when we injected it into the tumor site, although
it circulated throughout the body, it didn't affect nor-
mal cells. However, it inhibited tumor growth in mice
with implanted tumors. This suggests that tumor
cells are sensitive to TNF and interferon-induced cell
death. However, the outcomes depend on the dose

of these cytokines.

Student: Okay, could you proceed to the fourth

section now?

Professor: So, the fourth topic is innate immunity
and inflammatory diseases. Basically, there are mu-
tations in certain genes, which result in either gain
of function or loss of function. Gain of function gen-
erally leads to the overactivation of our immune sys-
tem, leading to increased release of cytokine. Loss
of function inhibits the release of cytokines. For ex-
ample, NLRP3, which is a cytosolic receptor that is
crucial for the activation of the inflammasome. The
activation of the inflammasome leads to caspase 1
cleavage. Have you heard of cytokines IL-1  and IL-
187 These cytokines are produced in an immature
form in our body, also known as pro-form, and need
to be cleaved by caspase 1 to become active and
carry out their function. Gain of function mutations in
NLRP3 are associated with various diseases like in-
flammatory bowel disease (IBD) or macrophage ac-
tivation syndrome. So, I'm thinking of conducting
experiments to understand the cure for these dis-
eases. | would like to examine whether crossing mice
lacking innate immune sensors with mouse model
of inflammatory diseases can help to alleviate con-
ditions such as a arthritis, obesity, diabetes, and ath-
erosclerosis, in which inflammation plays a

contributing role.
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Professor: Finally, the last topic is the cross talk be-
tween innate immunity and adaptive immunity. De-
spite the extensive research on adaptive immunity,
innate immunity has been relatively neglected until
recently, with the emergence of infectious diseases
like COVID-19 sparking renewed interest in the field.
Certain sensors or receptors related to innate im-
munity have been found to influence adaptive immu-
nity. For example, NLRP3, an important molecule in
the field of innate immunity, has been shown to affect
the proliferation, differentiation, and homing of T
cells. However, the cross talk between innate immu-
nity and adaptive immunity remains largely unex-
plored, and I'm eager to investigate this interaction
to gain a more comprehensive understanding of im-
munology. Innate immunity is nonspecific and serves
as the first line of defense against pathogens. When

innate immunity is unable to perform its function, it

Question 02

2023 Summer

seeks help from adaptive immunity by sending the
message "I need your help”. This cross talk, which
occurs at the molecular level, is currently missing in

the field, and deserves further investigation.

Student: So, you're planning to study the mole-
cules involved in the cross talk between innate and

adaptive immunity?

Professor: Yes.

Student: I'm surprised that no one has studied this

cross talk before.

Professor: Not many. However, there is a growing
interest and potential for significant advancements.
Personally, | am enthusiastic about exploring this

area of research, as | believe it hold great promise.

Student: | checked yourbachelor’s, master’s, and
doctor’s degrees, but they weren't directly related
to biology. So, what motivated you to shift your focus

to immunology?

Professor: When | think about my studies and re-
search, | realize that I've shifted my focus quite a bit
over the years. | obtained my bachelor’s degree in
pharmaceutical sciences in my home country of
Nepal before joining Mokpo National University for my
graduate studies. While there, | conducted screenings
of biological activity of oriental medicine, particularly

in the context of atherosclerosis and obesity. My re-
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search involved using herbal medicine extracts oriso-
lating compounds from them to examine their poten-
tial in inhibiting or preventing these diseases. | was
fortunate enough to publish several papers from
there. After completing my degree, | sought postdoc-
toral positions in the United States. Unfortunately, |
encountered many difficulties in obtaining offers from
US institutions. | remember sending out over 200 ap-
plications. Most of the responses | received indicated
that such research is not common in the US. While it
may be true that research in herbal medicines is rel-
atively uncommon in the US, | remained determined

to pursue my research interests.



Student: Yeah, it's definitely something unique to

study, especially oriental medicine.

Professor: And then, a professor at the University of
Kansas City, Missouri gave me chance to work in his
lab studying the sensing of oxidation by Toll-like re-
ceptors. At first, | felt lost because it was vastly dif-
ferent from my previous work in Korea. | wondered
if | could handle it. But with time and effort, | was
able to grasp the concepts and eventually published
3 first-authored papers in a span of one and a half
years. Since the professor’'s funding ran out, |
needed to find a new position. | started applying for
positions in the US and received a couple of offers,
although none were from top labs. Then, something
serendipitous happened: one morning | received a
reminder in my email for a seminar by an invited
speaker the next day. Without thinking, | sent an
email to the speaker asking for a postdoc position.
Early in the morning of the day of the seminar, the
chair of the department called me into his office.
When | opened his door, | saw him talking with a
lady. The chair asked me whether | knew her, | said
“No”. | looked at her twice and realized that she was
the one to whom | had sent an email the previous
day asking for a position. | felt embarrassed for not
recognizing her at first. She asked me whether [ was
interested to join her lab, | said “Yes". | enjoyed her
talk. After the talk, she told me to join her lab as soon
as possible. After a month, | joined her lab without

any interview. | was the only one who joined her lab

without any formal interview in her entire career.

Professor: The lab was quite large, with around 20
people. | did not have any prior knowledge about the
field, but fortunately, two of the postdocs helped me a
lot in the beginning. They started teaching me the ba-
sics of innate immunity. Every morning, they used to
ask “What is innate immunity; what is an inflamma-
some, what are the steps in NLRP3 inflammasome
etc?”. | would try to answer, sometimes even giving
wrong answers, and it was challenging, and eventu-
ally, l was able to grasp the concepts. They suggested
me to screen the phenotype with fungi, called As-
pergillus fumigatus and Candida albicans. Over time,
I began to understand what the other people in the lab
were doing and started asking very simple questions
in the lab meeting. Within a year of joining the lab, |
was fortunate enough to publish a paper based on the

research | worked with Aspergillus.

Student: Wow. Maybe that was destiny.
Professor: Yeah. After that, | took the lead in the lab
and tried to understand everyone's projects and give
my feedback. Eventually, | was promoted as a Lab-
director.

Student: So, you worked as a director.

Professor: Yes, after 3 years as a postdoc, | was

promoted to a scientist and then Lab-director.

SEOUL NATIONAL UNIVERSITY
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Student: Could we please delve into a little
more detail? Because when | look into different
career options, such as postdoctoral, staff scien-
tist, director, and director of laboratory opera-
tions, it's a bit hard for me to understand the

differences.

Professor: Sure, | understand. A staff scientist usu-
ally has more responsibilities and is expected to work
independently compared to a postdoc. While post-
docs focus on their own research projects, staff sci-
entists are responsible for providing scientific
support to the lab as a whole, including assisting with
experimental design and troubleshooting, and ana-
lyzing data. As a Lab-director, | was involved in men-
toring postdocs, coordinating between the principal
investigator and postdocs, writing publications and

RO1 grants.

Student: Youworked really hard for your lab, but |

feel like you hadn’t gained much.

Question 04

Professor: Kind of like that. But | enjoyed the re-

search and resources in St. Jude. It was fun.

Student: Did you ever ask her why she hired me

without an interview?

Professor: | actually had those thoughts, so | asked
her this specific question, but | never got an answer.
After a year of joining the lab, it was my turn to give a
departmental seminar, which we called Research in
Progress (RIP). | showed my slides to her before the
actual presentation date. Despite her busy schedule,
she made time to go through my slides one by one
and helped me fix them. She even said to me, “Raj,
you are the first one | gave my time to fix the slides.”
Still to this day, I'm not sure why | became special to
her. | fondly remember those moments. | asked her
several times about the reasons, she simply replied
“l'also don't know, Raj.” Despite her strict nature, we
had good chemistry and | never felt mistreated. So, |

consider myself lucky to have been a part of her lab.

Student: It was like a story from a movie. And so
you were also in her lab, but also at St. Jude Chil-
dren’s Research Hospital. So, is it quite different be-
tween working in a university lab in the US versus a

hospital lab in terms of the data you can access?

Professor: St. Jude children’s research hospital,
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where | previously worked, is a non-profit research
hospital that focuses on children’s catastrophic dis-
eases, particularly leukemia and other cancers.
Most of the research conducted at St. Jude,
whether clinical or basic, is centered around can-
cer. When [ first joined the hospital, it did not have

its own graduate school, but graduate students



from other universities could choose a Pl from St. Jude
as their supervisor and do their research. Later on, St.
Jude established its own graduate program. The hos-
pital boasts an impressive research infrastructure, in-
cluding top-notch animal and core facilities. In fact, St.
Jude has created the largest cloud-based genomic re-
source for pediatric cancer and a data-sharing model
to accelerate life-saving research. There is excellent
coordination among Pls and facilities, resulting in high-
quality data. As long as there are sufficient resources
and funding, there should be no differences in working

in a university lab compared to a hospital lab.

Question 05

Student: | have another question. It seems like you
have changed your research focus multiple times. Has
it changed when you were at St. Jude in the laboratory
in the US?

Professor: Yes, | studied the role of innate immunity in
different disease models such as infectious and inflam-
matory diseases. Initially, | started with studying innate
immune responses during infection with pathogens such
as fungi and bacteria. Later on, I shifted my focus to col-
orectal cancer. | was proactive in understanding different
research projects. One of the postdocs in the lab was
working on a colorectal cancer model. | expressed my in-
terest in understanding his project and offered my help. |
started working with him to understand how canceris in-
duced in this model. During this research, | came across
a molecule related to innate immunity that had a signifi-
cantimpact on cancer phenotype. Deleting this molecule
in mice resulted in increased cancer, and | discovered a

mechanism related to metabolic molecule mTOR.
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Student: So, you're trying to collaborate on con-

cepts and develop them?

Professor: Yeah. In addition to collaborations,
sometimes, we have to think outside the box. | first
heard about the protein mTOR in Mokpo National
University while having discussion with PhD stu-
dents on their projects. | recalled mTOR protein and
was able to connect NLRC3 with mTOR.

I ' would like to share an interesting moment that
happened during my time at Mokpo National Uni-
versity. While pursuing my PhD, | was working with
Magnolia officinalis for my graduate thesis. Specifi-
cally, | wanted to investigate the physiological sig-
nificance of magnolol, an active component of
Magnolia officinalis. | needed at least 10 grams of
magnolol for in vivo experiments. After discussing

the possibility of synthesizing magnolol with some

Question 06

2023 Summer

expert friends, we attempted to follow a published
paper’s protocol but were unsuccessful. I then tried
isolating magnolol from the barks of Magnolia offic-
inalis using methods from another paper. A profes-
sor on sabbatical provided me necessary equipment
for compound isolation, and | used his lab for a cou-
ple of months. Unfortunately, my attempts to isolate
magnolol were unsuccessful, so | stopped going to
the room for a few weeks without discarding any-
thing. One day, | returned to the room and decided
to clean the equipment and the room. Since the ma-
terialinside the evaporator was too viscous to clean,
I poured some hexane and started rotating the evap-
orator in warm water. To my surprise, crystals
started appearing. | was excited and | contacted my
friends to help me analyze the purity of the isolated
compound, and was delighted to find that I was able

to isolate a total of 50 grams of magnolol.

Student:It's like a bookstore. | find it really im-
pressive that you always try to communicate and
understand the background as well. Okay, we also
have some questions about your perspective as a
researcher. What do you think is the most impor-

tant virtue or attitude for research?

Professor:In research, honesty and rigor are cru-
cial. Throughout my research career, | have en-
countered many incidents that were irreproducible,
which caused me a great deal of frustration and

hardship, from my time at Mokpo National Univer-
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sity to my time at St. Jude. It is essential to note
that data can be both positive or negative, but re-
gardless of the outcome, research should be
highly reproducible and rigorous. As | mentioned
earlier, | faced significant difficulties during my at-
tempts to isolate magnolol. Unfortunately, | expe-
rienced something similar recently at St. Jude,
where | couldn’t reproduce the data from a paper
published in a highly prestigious journal. It is es-
sential to remember that every piece of data holds
significant meaning, and it is crucial to interpret it

correctly.



Student: Could you also tell me about how to
communicate, both within and outside the lab, with
your colleagues, like your friends in the chemistry
department? Yeah, and also the part about cancer
was really impressive. You just let it go and keep try-

ing to learn.

Professor: Okay, throughout our lives, we en-
counter people with different natures, some willing
to help and others not. However, just because some-
one does not assist you does not mean they are
mean. | believe in treating my colleagues equally,
whether or not they have helped me in the past. | al-
ways greet them warmly with a simple “Hello" or

“"Hi", and | am open to helping them whenever pos-

sible. It is important to set aside ego and strive to
create a positive atmosphere with everyone. If you
are interested in a particular research area, humbly
request your colleague and discuss the possibility of
collaboration and grant writing openly. It is equally
important to be transparent with your collaborators
and keep them informed about the subjects you are
dealing with. Don't do anything behind their back,
and always give credit for any help received, regard-

less of the nature of the contribution.

Student: So always be open.

Professor: Yes, science should always be open.

Anyone can contribute to any kind of science.
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Student: | have a question about what values you,

as a researcher, prioritize.

Professor: So, you're asking me what qualities | look
for in students or researchers, right? Well, | believe
that every student is different, just like every person is
different. They have their own unique nature and dif-
ferent ways of studying or doing things, as well as their
own strengths. It's important to recognize and lever-
age these strengths. Not everyone is equal, and but
that doesn't mean someone is weak. It just means that
they have different strengths. For example, you may
be good at coming up with ideas, while someone else
may be good at techniques. If we combine both
strengths, we can achieve great results. Having good
ideas does not automatically make you superior, or
being skilled in techniques makes you less valuable. |
encourage my people to learn skills from each other
so that there is always harmony between you. What |
look for in my students is a positive attitude towards
research and study, which means working hard, but
not necessarily working like a donkey. You don't have
to work hard if you work smart. | value organization,
so it is important to plan out your tasks for today and
tomorrow, and visualize what results you expect to ob-
tain from your work. Remember, data generated from
your research is waiting to be interpreted, and big data
often requires careful analysis. Another quality | value
is the ability to think critically and work independently.
However, working independently doesn't mean ignor-
ing your colleagues. Collaboration is also important,
as it leads to increased productivity and learning op-

portunities. Collaborating with others can result in joint
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authorship, and you can learn new techniques while
also accelerating your progress. Additionally, it's im-
portant to finish what you start and not leave tasks in-
complete. Lastly, | equally prioritize your health and
happiness. If you are healthy and happy, you can think
clearly and conduct experiments effectively. Don't
stress yourself out. If you are feeling stressed, take a
moment to relax and gather your thoughts, as rushing
in research can lead to mistakes. Remember, in re-
search, “fastis slow and slow s fast.” When you panic
or rush, you tend to make more mistakes, which

wastes time, resources, and energy.

Student: | think, while you're answering, like, your
experience is what shapes what you seek, like you
have been a manager in the lab and you focus on

topics like cancer and innate immunity.

Professor: Yes, experience is important, guys. Even
today, you will also be in that position and you will con-
tinue to learn. It's all about learning, and sometimes
you have to open yourself up. | used to be a very in-
troverted guy until high school, but | somehow
changed myself after that. | didn't want to talk to any-
body, and | was so introverted that when a girl ap-
proached me, | would just run away. It was hard for
me to talk to girls like that. But somehow, things
changed. | don't know how | changed. Also, | like play-
ing sports and running, and | actually get ideas about

research and life while running outside in nature.

Student: | can'timagine you being so introverted

in high school. (Laughs)



Question 08

Student: Despite the efforts of many biologists,
there are still many unanswered questions. What
do you think is the most important remaining ques-

tion or main focus in the field of immunology?

Professor: The missing gap in the field is always a
challenge, a very challenging one indeed. We often as-
sume that the field is saturated, but that's not the case.
There are always unanswered questions, and I'm con-
stantly amazed by this. It is easy to think that there is
nothing left to study or the field is saturated, but the
approach we take to a topic determines that we are
actually doing. Let me give you an example. If I'm look-
ing atyou from a side, you will look the same to me no
matter how many times | look at you. However, if | view
you from a different angle, you will appear different,
even though you are the same person. This means
that we can view things from an infinite number of an-
gles. So, there is no such thing as a “saturated” field
or a topic that cannot be explored further. What mat-

ters is the perspective that you bring to the field.

Student: So, is it okay to understand that you have

like five angles?

Professor:Even within those five angles, there are

still infinite angle. We should not think that it's only

Closing

today’s interview.

Professor: That's great. Is there anything

else you want to ask or discuss?

Student: Okay, | think I'm done with

worthwhile if it yields results, okay? If you think like
that, you'll be frustrated every time. Discovery is

always a big thing, and it's often accidental.

Student: So,you're justtrying to, yeah, make it clear.

Professor: Yeah, it happens. It's just a matter of time.
But try to read the literature and stay updated with the
recent research. Only then will you know what the miss-
ing gap in the field is and how to address it. While ad-
dressing that gap, you may come across more interesting
and novel findings. Let me give you an example. While
conducting research on defining the role of a molecule
in inflammasome activation, | noticed under the micro-
scope that the cells lacking that particular molecule didn't
exhibit the typical morphology of wild-type cells in terms
of adhesion. Although | had already published the role of
the molecule ininflammasome activation in a prestigious
journal, lam revisiting this phenotype that | accidently ob-
served during my previous project. Therefore, being ob-
servant and curious are crucial in research. You have to
pay attention to details and not rush through your re-
search projects. While working on a project, you may
come across various unexpected findings. Try to com-
municate and share these unexpected findings with your
supervisor or advisor, so that they may turn out to be valu-

able and lead new and exciting research opportunities.

Student: Nothing really, thank you very
much for taking the time to share your
stories with us. I'm really happy to hear

these things from you.
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