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Investigation of epitopes of
SARS-CoV-2-specific T cells that

expanded in mild COVID-19 patients

Dept.of Molecular Immunology, Immunology Frontier

Research Center, Osaka University
Xiuyuan Lu, Sho Yamasaki

Since its emergence, SARS-CoV-2 has infected over 400 million
people and led to almost 6 million deaths globally. Human body has
adaptive immunity as a fundamental and effective component in
controlling SARS-CoV-2 infection. In this process, follicular helper T
(Tfh) cells are a subset of CD4"T cells that mediate the production of
protective antibodies; however, the characters and preferring epitopes
of circulating Tfh (cTfh) clonotypes that responsive to SARS-CoV-2
antigens were in obscure.

In this study, using single-cell TCR- and RNA- sequencing technology,
we analyzed the T cells in convalescent COVID-19 patient PBMCs that
were activated by SARS-CoV-2 antigens (Lu et al., J. Exp. Med.218:
€20211327, 2021). Combination of the information from single-cell
analysis and public TCR databases allowed us to identify the TCRs of
public cTfh clonotypes that were significantly expanded in patients
who had mild symptoms. We determined 6 SARS-CoV-2 spike (S)
epitopes that recognized by these public cTth clonotypes, and all of the

6 epitopes are conserved across emerging variants, including Omicron
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[:> . 050

Conserved

strain.

We crystalized the first SARS-CoV-2-recognizing TCR, and showed
its high prevalence in multiethnic population. The epitope of this cTth
clonotype, Sgss.ss2, Was presented by multiple HLAs and activated T cells
in most healthy donors, suggesting that this S region is a universal T
cell epitope useful for booster antigen. SARS-CoV-2-specific public cTth
clonotypes also cross-reacted with specific commensal bacteria, which
may contribute to their publicity.

Conserved SARS-CoV-2 epitopes identified in our study could be
useful for the development of the SARS-CoV-2 vaccines. Furthermore,
the current study shows that a combination of single-cell and bulk
TCR-seq, global TCR databases, and the TCR reconstitution/epitope
determination platform is an efficient workflow to identify beneficial (or
disadvantageous) clonotypes and epitopes for protective immunity. This
methodology could provide a novel tool for future outbreaks of other

infectious diseases and even non-infectious diseases.
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Disruption of the endopeptidase ADAM10-Notch
signaling axis leads to skin dysbiosis and innate lymphoid
cell-mediated hair follicle destruction
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Influenza virus infection expands the breadth of antibody
responses through IL-4 signalling in B cells

Tl kB IL-4 ST FILICEKIET S
M1 I ARERGHERIEESE

doi : https://doi.org/10.1038/541467-021-24090-z
YA b hA IR T — L

BFHRRMmERERFHREE Y 52—

ZORER, 1) [T IFN oD EZE BBA{bHiiaiE ADAM10-Notch
VIV ENUTHERTF RO B -defensin-6 ZFEEL, EEME
HEHELTWATE, 2) ThHOMAEMNS ADAMIO ZRAZEIzET
A, BEMAEZED VXN TUILBICEEEINST 2, 3) FOMR,
BRUSERTH % ILC2 MRYEZ AR L, BEOMIENFEEINS T
bL4) RRRINCIZFAIIAfEE T H B IV Y kb B T lic kD, AA]
WHOBENREZ L, ZRUTc, BEEMAEYDOILAICIE ADAMIO-
Notch 7TV ITNEETHD, TNENHFEINZLICKD, ZOHt
ERARDMEAE L. IR IO R & e RN LI, D
DHFIFIEEESE FIC B 2RO IEE 2 R T 57 DICEEE A=
ALTHBEEZT NS,

ARILFZY (HA)
_

AL RER

HAD 7 4 b 2R T3l
LEMEIEAT Siith
N

CDRH3  GpRrH2

CDRH1

Lg
yr

IL-4> 7 F)

—

= Y-
E w =] RERGERNRGEEET ZBEROBIITL PEL, TS
BOBHREZERTIBICBT BT BILADBETH D

AV TIWVEETANAT I FE A Y TIVE P AR ERIH T
LELENEHETFRE LT ZIANSGNTVEY, UL, BfE—
BIHERAENTOERNHE LY ANV RAE T ULIET 7 F N, EEOTA )V
AREREOE, BEUTA 2 TIVE I A VRIS T BB 550
TEMNHIBNTVET, COT&lid. RELINTAIVAEEEDOT )L

BRI, BEINZTTOVATUROTENE R >T VBT EEIRL
TVET, BRLEVAONVAEPRRRICGHEESNZ PR ICEFARNS L
IE&D, BERUIYAIVAICER T EBTURR G AN = X L ORI Bk
ATVET,

HBA Y TIVE I IAVARRIET LTHEENTHUAD, 1>
TIWVEVF T AN AKDBREHIET 256, FOX BHiRiE LK
;L\IEEP*DTWI:&”F BNnEd, el TR A Y TV FIAIVA
RS, FEINTRAEKEERRPUAD B L EE X=X LI
DWTIRHT 21T & L7z (Miyauchi K and Kubo M et al. 2021 Nature
Communications), EHS T AMNSE 5N 2 KIGHERTiAOTE
h—T BT UIAS R, ZNEDZLA Y TIVE VP IAIVADNTS

WFZ B ITEDHT, IA VAR CREE DMRFE SN TV fE
TER—=TLTRTENHONERDE L, DEIC, REK ISR
EDBEE AN Z AT DWTHIN S 728 R 7 20D >R~ —

THIfUCEB LT ZHED T Uz, ZDREE, U HIOHLICAETE
TR S—T HIBE (Tey) DR ROSERRITURDEAEICET T
HBHTENHONEEDE LTz, IHICEHRIE Ty DO MWENZTA M
AV THBAEA—TOAF 4 (L-4) D ~TIVFZVDREINTHE
W RS 5 BB AT T LI KoT, &SR RIFIA%E
FHEITHEEFRLELE (K),

INEDHRADIFFERRIE, Ty BEEDIRIL & IL-4 27 FIVDIEE(L
IC RO TRERISHEFRTURISE Z R TEZ L Z/RLTED, 127
WLV TAVAEREORIEET, BRERORIHHR a0, 1)V A%
CITHHT 22D ZN—V I I F U BIFORMEL 72D 5 28D T,



;-‘.-'\'
m

nll

e XX

Heterozygous missense variant of the proteasome subunit

B -type 9 causes neonatal-onset autoinflammation and
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the next decade in immunology
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Akiko Iwasaki **

The COVID-19 pandemic over the past 2 years has dramatically
transformed the role of immunologists in our society. Before the
pandemic, the general public has not heard (or cared) much about
antibodies or T cells. Suddenly, the public turned to us for an
explanation of how the immune system works to prevent infection
and disease, how vaccines work, how long immunity lasts, and why
we need booster vaccines. Many immunologists stepped up to this
challenge and used our expert voices to educate and reassure the
public. There has never been in our lifetime this much opportunity to
communicate immunology to the masses, but also at the same time
to bear the responsibility of communicating fact-based messages in a
timely manner. Everything we say has consequences on public opinion
and has the power to influence policies. Science communication has
become an important aspect of being a scientist. Pandemic has opened
the door to an opportunity to give back to society by engaging the
public.

The pandemic also had a dramatic impact on my science. Before
the pandemic, my lab worked on mucosal immune responses to
viruses and vaccine strategies, mostly in mice. When the first case of
COVID-19 was reported in the Yale New Haven Hospital, we quickly
prepared to investigate the viral replication dynamics and host
immune responses in patients. This was made possible by a large
network of collaborators from medicine, public health, data science,
and most importantly, the patients who willingly participated to
benefit others. We learned in real-time how the immune system of
patients with mild, moderate, and severe COVID-19 was responding
and how comorbidities, age, and sex influenced these responses. We
observed persistent viral load in patients who had severe and lethal
COVID-19, accompanied by a delayed onset of antibody responses
and enduring interferons and cytokines. Later, we studied how well
vaccines and boosters induce antibody responses, and how variants
of concern reduce their neutralization capacities. At the same time,
we developed mouse models of COVID-19 and were able to determine
the relative importance of B and T cells in resistance against infection
and to determine the correlate of protection. We are developing novel
vaccine strategies to elicit mucosal immunity within the nasal and
respiratory mucosa called Prime and Spike. Such strategies are needed
to block infection and transmission of the virus. Most recently, we are

embarking on research to understand the disease pathogenesis of long

COVID, a debilitating and disabling condition that 10-30% of patients
continue to suffer for months following SARS-CoV-2 infection.

The pandemic has also highlighted the importance of collaboration,
open science, and team science. It is not about who gets the credit, but
that we discover the fundamental insights important to human health,
together. We must fundamentally shift our mindset from a “one-
person show” to elevating the entire team together. The more diverse
the team, the more creative we can be. Hierarchy is an impediment to
free and creative thinking. We must involve patients as equal partners
in our collective effort to understand the disease. Team science is not
without problems, however. The existing criteria for evaluation of
scientists in academia, such as the number and impact factors of first/
last authorship papers, are at odds with the spirit of team science. This
creates unnecessary tension and conflicts. The biomedical field should
consider adopting the alphabetical order of authorship used in other
fields like high energy physics. Managing large groups of individuals,
each with their ego and agenda takes a lot of emotional intelligence,
investment, patience, and willingness to compromise for the greater
good.

Lastly, I am more enthusiastic and energized than ever about the
field of immunology. What a time we live in! Many new innovative
technologies are emerging, with which we can dig into the
fundamental questions that are yet to be answered in immunology.
Does the immune system survey for cancerous cells and if so, how?
How do host intrinsic (age, sex) or extrinsic (environment, diet) factors
impact immune responses? How do infections lead to chronic diseases,
including autoimmunity, myalgic encephalomyelitis/chronic fatigue
syndrome, and neurodegenerative diseases? How do we make vaccines
and immunotherapies better? The immune system is at the core of not
just host defense, but also in maintaining physiology and influencing
even how we behave. Immunology has come a long way in the past few
decades, with a detailed understanding of the cellular and molecular
mechanisms of innate and adaptive immune functions. As a field, we
can now leverage these fundamental understandings to better define
its role in host physiology, metabolism, and disease state. For young
scientists interested in the immune system, there is no better time to
get involved. The field of immunology is ready for exploration - with so

many areas of investigation that are ripe for discovery and application.
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