One-sentence summary: A mechanism that enables T cells and amoebae to maintain appropriate
population sizes is revealed.

Editor’s summary:

Crowd control with coronins

Peripheral naive T cells are maintained at near constant numbers. Ndinyanka Fabrice et al. uncovered
a pathway involving the transmembrane protein coronin 1 in regulating T cell population homeostasis.
Coronin 1 abundance correlated with T cell density and was higher in the high T cell density
environments of the lymph nodes and spleens. Below threshold densities of T cells, coronin 1
suppressed apoptosis through intracellular retention of surface adhesion molecules. Above threshold
densities, coronin 1 abundance was not sufficient to prevent the surface presentation of adhesion
molecules and apoptosis. A similar mechanism operated in the amoeba Dictyostelium discoideum that
depended on a coronin 1 homolog. Thus, T cells and amoebae intrinsically sense and regulate their
population densities through cell density—dependent regulation of coronin abundance that in turn
modulates apoptosis.
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Maintenance of cell population size is fundamental to the proper functioning of multicellular
organisms. Here, we describe a cell-intrinsic cell density—sensing pathway that enabled T
cells to reach and maintain an appropriate population size. This pathway operated “kin-to-
kin” or between identical or similar T cell populations occupying a niche within a tissue or
organ, such as the lymph nodes, spleen, and blood. We showed that this pathway depended
on the cell density-dependent abundance of the evolutionarily conserved protein coronin 1,
which coordinated prosurvival signaling with the inhibition of cell death until the cell
population reached threshold densities. At or above threshold densities, coronin 1 expression
peaked and remained stable, thereby resulting in the initiation of apoptosis through kin-to-kin
intercellular signaling to return the cell population to the appropriate cell density. This cell
population size-controlling pathway was conserved from amoeba to humans, thus providing
evidence for the existence of a coronin-regulated, evolutionarily conserved mechanism by

which cells are informed of and coordinate their relative population size.



Introduction

All multicellular organisms require a mechanism to regulate the appropriate numbers of cells
within their tissues. Various processes have been described for solid organs that include the
sensing of growth factor concentrations and replenishment through stem cell differentiation
(1, 2). However, how circulating cell populations achieve and maintain their appropriate cell
numbers is unclear. For example, although peripheral naive T cells are long lived (several
months in mice and up to decades in humans) and are maintained at near constant numbers in
adults (3-7), the underlying mechanisms remain unknown. Previous work has implicated both
major histocompatibility complex:T cell receptor (TCR) interaction and interleukin signaling
in peripheral T cell survival (8), which are important for T cell development and selection in
the thymus (9), differentiation to memory T cells in the periphery upon antigenic stimulation
(10) and T cell expansion (11). However, peripheral T cell survival can occur independently
of both pMHC:TCR and interleukin signaling (12-14) and therefore they do not define T cell
population densities. T cells have been proposed to occupy distinct ‘spaces’ (also termed
‘niches’) (15, 16), but any molecular or cell biological understanding of ‘space’ and ‘niche’ is

currently lacking.

One protein that has been implicated specifically in the establishment and maintenance of
appropriate peripheral T cell populations is coronin 1 (also known as P57 or TACO, for
tryptophan aspartate containing coat protein), a member of the conserved WD repeat
containing protein family (17-22). Coronin 1 is predominantly expressed in leukocytes and to
a lesser degree in neurons (17, 22-24). Coronin 1 associates with phospholipase C (PLC) (25)
and modulates intracellular trafficking in a Ca?* and cAMP-dependent manner (17, 26-28).
Furthermore, coronin 1 has been suggested to be involved in the regulation of F-actin

dynamics (19, 21), although F-actin-dependent leukocyte functions are not affected by



deletion of coronin 1 (26, 29). Coronin 1 is one of the most abundant proteins in T cells, and
mice and humans deficient in coronin 1 have substantially reduced (up to 90% less)
peripheral T cells despite normal T cell differentiation, selection, and export from the thymus
as well as normal TCR and interleukin-7 signaling (14, 19, 20, 30, 31). However, the

mechanism via which coronin 1 controls peripheral naive T cell population size is unclear.

Here, we report a coronin-dependent pathway controlling cell population size. We found that
upon increases in cell density, the levels of coronin 1 increased further to ensure cell viability
at elevated cell densities by promoting prosurvival Ca?* signaling and inhibiting cell death.
Inhibition of cell death signaling by coronin 1 occurred through dampening of surface
expression of the cell adhesion molecules lymphocyte function-associated antigen 1 (LFA-1)
and its ligand intercellular adhesion molecule 1 (ICAM1) to prevent premature induction of
cell death. At or beyond appropriate cell densities, coronin 1 expression leveled off, thereby
resulting in an increase in cell surface expression of LFA-1/ICAML1 that in turn activated
apoptosis. Finally, we provide evidence for a role of coronin A, the coronin 1 homologue
expressed in amoeba, in cell population size control involving its regulation of the expression
of cell-to-cell adhesion signaling molecules. Together, the data show that T cells and
amoebae intrinsically sense and regulate their population densities and suggest that coronin
family members may have evolved to perform this evolutionary conserved cell population

size control role by regulating the expression of kin-to-kin adhesin molecules.



Results

Cell density-dependent increase of coronin 1 expression allows T cell population expansion
The establishment of the circulating pool of T cells critically depends on coronin 1 to prevent
caspase-mediated apoptosis; however, coronin 1 is dispensable for T cell production in the
bone marrow and selection in the thymus (14, 18, 30). Consistent with a crucial role for
coronin 1 in maintaining sustained cell population numbers in peripheral lymphoid organs, its
expression was significantly up-regulated at the stage just prior to thymic exit into secondary
lymphoid organs (Fig. 1A and fig. S1A). Furthermore, although already among the 2-5%
most abundant proteins expressed in T cells (32, 33), coronin 1 protein levels were
significantly elevated in T cells in the high-density environment of lymph nodes (~70% T
cells) compared to in those in the low-density environment of the spleen (30% of T cells)
(Fig. 1, B and C). The density-dependent increase of coronin 1 was T cell-intrinsic, because
quantitative mass spectrometry analysis showed a three- to four-fold increase in coronin 1
expression (becoming the 11™ most abundant protein) in Jurkat T cell cultures grown to high
density as compared to being ranked 121 (out of 6779 detected proteins) in those grown in
low densities (Fig. 1D and Data File S1). T cells expanded in vitro as long as coronin 1 levels
increased (Fig. 1E and fig. S1B), after which cells stopped expanding and instead underwent
cycles of caspase-mediated apoptosis (Fig. 1E,F). At low density cell populations, coronin 1
was fully dispensable for cell viability and population growth. However, Cor1”- cell
populations stopped expanding and instead underwent cycles of apoptosis at far lower cell
densities (~1.5x10° cells/ml) and thus reached lower cell population levels than WT cell
populations (Fig. 1G,H, fig. S1C-G and Data Files S2 and S3). The lower survival threshold
of cells lacking coronin 1 was not due to enhanced metabolic activity (fig. S1H), nutrient
depletion or release of cell death-promoting factors, because culturing WT cells in

conditioned medium from coronin 1-deficient cells and vice versa did not alter cell growth



and survival significantly (Fig. 11,J). Co-cultures of different ratios of WT and coronin 1-
deficient cells resulted in density-dependent loss of coronin 1-deficient cells and increased
representation of WT cells (Fig. 1K,L). Together, these results support the existence of a T
cell-intrinsic coronin 1-dependent mechanism that regulates cell population size by setting
the threshold at which T cells initiate cell death to regulate cell numbers within the

population.

Coronin 1 regulates T cell population size by modulating density-dependent adhesion-
mediated cell death

To determine the mechanism underlying coronin 1-dependent control of T cell population
sizes, we analyzed a previously published RNAseq dataset (31), which revealed significant
deregulation of virtually all cell-to-cell adhesion pathways in viable coronin 1-deficient
mouse T cells (Fig. 2A-C and Data File S4). One of the differentially expressed genes
encoded intercellular adhesion molecule 1 (ICAML1), a ligand for the heterodimeric
lymphocyte function-associated antigen 1 (LFA-1), which consists of an integrin alpha L
(ITGAL) and an integrin beta 2 (ITGB2) subunit (34). Both ICAM1 and LFA-1 were
significantly and specifically increased at the cell surface of both peripheral mouse mature
naive T cells and Jurkat T cells lacking coronin 1 (Fig. 2D and fig. S2A,B). The upregulation
of cell surface LFA-1 and ICAML1 upon coronin 1 deletion occurred in low density cultures
when apoptosis was not initiated (fig. S2A) and was therefore not a consequence of cell
death. Instead, this finding suggested that coronin 1 reduced the surface expression of

ICAM1 and LFA-1.



Observation of cell population dynamics by long-term imaging showed that upon cell density
increase, cells lacking coronin 1 formed large multicellular aggregates in both human and
murine T cell cultures (Fig. 2C,E and fig. S2C) and showed increased cell death as shown by
propidium iodide staining (Fig. 2E and Movies S1 and S2). Furthermore, aggregates of
apoptotic cells were detected by TUNEL assay in the spleens and lymph nodes from coronin
1-deficient mice, but not those from WT mice (Fig. 2F and fig. S2E). However, no notable
differences were observed in the thymus (fig. S2D,E). Moreover, and consistent with an
essential role for coronin 1 in controlling the size of the peripheral T cell population, but not
in thymic development and selection (30), LFA-1 and ICAML1 surface expression were
similar between WT and coronin 1-deficient mouse thymocytes at all stages of thymic
development (fig. S2F). These data suggest that coronin 1 inhibits adhesin-mediated cell
death signaling possibly by limiting the cell surface expression of LFA-1 and ICAM1,

thereby enabling cells to expand to their appropriate cell population densities.

We next sought to directly determine whether the coronin 1-regulated interaction between
LFA-1 and ICAML1 served to sense and modulate cell population density. Function blocking
antibodies directed against ICAM1 or LFA-1 reduced (with ICAM1 and ITGAL antibodies)
or prevented (with ITGB2 antibodies) cell aggregation and restored cell viability in coronin
1-deficient T cells, thereby enabling cell numbers to expand to near WT levels (Fig. 2G,H
and fig. S3A,B). The ability of both ICAM1 and LFA-1 function blocking antibodies to
prevent cell death (Fig. 2H and fig. S3C) suggests that the observed loss of viability did not
result from integrin signaling in the absence of its ligands (35, 36). Furthermore, these data
showed that integrin ligation-induced signaling, which has thus far been exclusively
associated with pro-survival signaling (37, 38), can be coupled to the induction of cell death

through density-dependent LFA-1- and ICAM1-mediated signaling.



We next investigated how coronin 1-regulated density-dependent LFA-1- and ICAM1-
mediated cell death at elevated cell population sizes was induced. When mouse T cells were
seeded at increasing densities, cells lacking coronin 1 underwent cell density-dependent cell
death, whereas the viability of coronin 1-expressing WT cells remained comparable at both
densities (fig. S4A). Moreover, CD4* T cells from the peripheral blood of an individual with
a T cell deficiency due to a homozygous destabilizing V134M mutation in coronin 1 (27, 39)
showed elevated surface abundance of both ICAM1 and LFA-1 (Fig. 3A and fig. S4B).
Finally, we analyzed the consequences of in vivo blockade of LFA-1 using adoptive transfer
in mice to avoid confounding effects on T cell generation given the essential roles for both
LFA-1 and ICAML1 in thymocyte development (40). We assessed T cell population frequency
and size at day 2 (in the blood) and day 4 (from pooled lymphoid organs that included blood,
spleen and lymph nodes; Fig. 3B) to separate the reported potential short-term effects of
blocking LFA-1 on T cell homing to lymph nodes (41) from long-term compensation by o4
integrin receptors (42). Also, because LFA-1 is implicated in both homing and retention of
lymphocytes within lymph nodes (43), lymphoid organs were pooled to separate survival
advantages over migration or retention within the different lymphoid organs. Blocking LFA-
1 resulted in significantly elevated T cell numbers in blood and lymphoid organs compared to
the controls (Fig. 3C,D and fig. S4C,D). Similarly, T cell numbers were significantly increase
by LFA-1 blockade for adoptive transfer of coronin 1-deficient T cells (fig. S4E). Together,
these data suggest that coronin 1-regulated cell density-dependent integrin-mediated

signaling is crucial for maintenance of the appropriate T cell population size in vivo.

Coronin 1 moderates kin-to-kin cell density signaling by promoting LFA-1 internalization



The data above suggest that coronin 1 suppressed the surface expression of LFA-1 and
ICAML1 to limit premature cell death at low density. To directly assess a role for coronin 1-
dependent control of cell population sizes through the regulation of integrin surface
expression and cell death, WT T cells were cultured at low density to maintain low coronin 1
and surface ITGB2 levels (Fig. 3E, fig. S4F and fig. S5A-C), re-seeded at increasing densities
and examined 24 and 48 hours later (we refer to this as a ‘density shock’ experiment). Within
this short time, cells did not increase coronin 1 expression (fig. S5D), but showed significant
density-dependent increase in surface ITGB2 levels (up to ~5-fold increase) and loss of
viability (up to ~80%) with increasing density (Fig. 3F,G). Similarly, ITGB2 levels increased
and cell viability decreased in T cells isolated from human peripheral blood mononuclear
cells subjected to density shock (fig. S5G). Conversely, when cells were cultured to high
densities, which significantly increased coronin 1 abundance, prior to re-seeding at increasing
densities (fig. S5B), ITGB2 cell surface expression was comparatively repressed and cell
viability was significantly enhanced (Fig. 3F,G and fig. S5D-F). Moreover, increased cell
surface integrin levels preceded cell death (Fig. 3H), suggesting that density-dependent cell

death was a consequence of increased ITGB2 surface expression.

We next assessed the role for coronin 1 in LFA-1 surface expression. First, we found by flow
cytometry that although the total cellular levels of ITGB2 were comparable (fig. S6A), WT
Jurkat T cells presented significantly less ITGB2 molecules at the cell surface compared to
coronin 1-deficient cells (fig. S2A). This finding was corroborated by the significant ITGB2
cytoplasmic localization in WT cells compared to the largely peripheral localization in
coronin 1-deficient cells as detected by immunofluorescent labelling (Fig. 3l and fig. S6B-D).
Because of the roles for coronin 1 in endosomal traffic in macrophages and neurons (17, 28,

44) and its reported interaction with the cytoplasmic tail of ITGB2 (45), we analyzed whether



coronin 1 regulates cell surface integrin levels through intracellular retention. First, shifting
WT Jurkat cells maintained at low density (and hence expressing relatively low coronin 1
levels) to high density resulted in a significant (1>10-fold) increase in the surface/total
ITGB2 ratio (fig. S6E). This ratio decreased ~3-fold after 48 hours, when the density had
dropped again as a result of cell death (fig. S6E) suggesting that the relatively limited levels
of coronin 1 protein were unable to prevent the cell surface exposure of ITGB2. Consistent
with a role for coronin 1 in retaining ITGB2 intracellularly, ITGB2 was more rapidly
internalized from the cell surface of WT Jurkat T cells compared to coronin 1-deficient cells

(Fig. 3J).

Coronin 1 couples the regulation of cell density-dependent LFA-1-mediated signaling to pro-
survival Ca?* mobilization.

We next investigated a potential link between the reported role for coronin 1 in pro-survival
signaling through Ca?* mobilization downstream of PLC (18) and coronin 1-regulated
density-dependent LFAL function. First, analysis of RNAseq data (31) showed significant
deregulation of genes involved in Ca?* signaling (fig. S7A,C) and in activation of
phospholipase C (fig. S7B,D) in coronin 1-deficient mouse T cells, consistent with previous
work showing a role for coronin 1 in these pathways (18, 20, 26, 46). In addition, we found
that in high-density cultures, store-released Ca?* levels were reduced in coronin 1-deficient
Jurkat T cells compared to WT cells, a difference that was not observed in low-density
cultures (Fig. 4A). Moreover, and consistent with the role of adequate cytosolic Ca?* levels in
promoting cellular survival (47, 48), pharmacological elevation of Ca?* in cells lacking
coronin 1 significantly increased cell viability (Fig. 4B). Furthermore, when cultured to high

densities in the presence of function blocking LFA-1 antibodies, the defect in Ca?*
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mobilization was reversed in cells lacking coronin 1 (Fig. 4C), suggesting that the Ca?*
mobilization defect induced by coronin 1 deletion is associated with defective density-
dependent regulation of LFA-1 function. These data therefore suggest that coronin 1 serves to
maintain viability and pro-survival Ca?* mobilization to counteract increased LFA-1/ICAM1-
mediated signaling and the ensuing apoptosis until appropriate cell numbers are reached,

thereby enabling the maintenance of proper cell population sizes.

Coronins and adhesins play an evolutionary conserved role in cell population size control
The above reported role for coronin 1 in regulating T cell density is intriguing given that
coronin 1 is a close homologue of coronin A expressed in the slime mold Dictyostelium
discoideum (22, 27, 49, 50). D. discoideum live as single cells that continuously sense their
population density: When their cell density reaches a certain threshold amid limited food
resources, instead of undergoing apoptosis, D. discoideum initiates a multicellular
differentiation program to ensure their long-term survival (51). The finding that coronin 1 is
required for kin-to-kin density sensing and maintenance of T cell population size prompted us
to analyze the population dynamics of D. discoideum expressing or lacking coronin A under
nutrient-rich conditions. When seeded at the same initial cell density, cells lacking coronin A
were unable to reach the population density attained by WT cells (Fig. 5A). Similarly to T
cells (Fig. 1D), relative coronin A abundance increased in a density-dependent fashion in
Dictyostelium (fig. S8A,B). D. discoideum lacking coronin A and sampled at low cell density
had a proteomic profile that resembled that of WT cells at high density (Fig. 5B-F and Data
File S5). Functional annotation of the differentially expressed proteins revealed “cell-cell
adhesion” as the most significantly enriched process (Fig. 5C). Notably, the four discoidins

(Fig. 5D,E,F), which are major cell-cell adhesion molecules in Dictyostelium (52-55) and
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whose expression is cell density-dependent, becoming up-regulated in WT D. discoideum at
high cell density (56), were already significantly up-regulated in corA- cells at much lower
densities (fig. S8C,D). Together, these data suggest that the absence of coronin A
phenocopies a state of high cell density that limits cell population expansion and that coronin
A is required to set the threshold for cell population size, similar to the role of coronin 1in T
cells (Fig. 6). Because Dictyostelium lacking coronin do not undergo cell death yet cannot
reach WT cell densities, these data also suggest that the primary role of coronin is to enable
cells to coordinate their population density and, rather than just supporting cell survival,

coronin is required for cells to reach and maintain appropriate cell population sizes.

Discussion

Our results provide evidence for the existence of an evolutionarily-conserved coronin-
regulated pathway controlling cell population sizes. Our data suggested that kin-to-kin cell-
cell interaction and the frequency and strength of their ensuing signal may serve to inform the
cells of their relative population size and shape the population behavior, such that coronin 1
enables integration of cellular responses and population size. We showed that coronin 1
regulated cell population size through its dual role in suppressing cell surface expression of
LFA-1 and ICAML1 and promoting pro-survival signaling through Ca?* mobilization upon
increases in cell population density. This dual role would prevent premature kin-to-kin
perception during cell population increase and the consequent premature initiation of
population control including through the induction of cell death, allowing cell populations to
reach and maintain appropriate cell density. The threshold at which LFA-1/ICAML1 ligation-

initiated cell death was set by the amount of available coronin 1. Moreover, coronin 1 levels
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correlated with T cell densities, with increased levels in T cells residing within the high T cell
density environment of the lymph nodes compared to those in the relatively lower T cell
density environment of the spleen. Although already one of the most abundant proteins in T
cells, far higher coronin 1 levels (up to a four-fold increase) were required to sustain cell
viability at increased cell density by promoting ICAM1/LFA-1 internalization and
maintaining pro-survival signaling such as through Ca?* mobilization. This is interesting
given that this capacity of coronin 1 to regulate cell population size by coupling ITGB2
internalization and Ca*-mobilization mimics its role in regulating the intracellular survival of
pathogenic mycobacteria within macrophages (26). It should also be noted that LFA-
1/ICAML1 ligation has thus far been associated with pro-survival signaling, whereas the here-
observed death pathway mediated through LFA-1/ICAML interaction may involve hitherto
undefined signaling intermediates, possibly including the engagement of other co-receptors.
Although LFA-1 is required for homotypic cell-cell adhesion, it might not necessarily be the
molecule that initiates the apoptotic process. Together, the data support a T cell-intrinsic,

coronin 1-dependent mechanism for sensing and controlling cell population.

It is important to note that the coronin 1-dependent regulation of cell density operated in
naive and non-stimulated cells. In fact, because T cell differentiation, cytokine-mediated
stimulation, and activation through the T cell-receptor are not perturbed by the absence of
coronin 1 (14), coronin-dependent control of cell population size may have evolved to
regulate the long-term maintenance of multicellular populations at their appropriate density,
rather than acting to differentiate and/or activate cells. How coronin 1-dependent cell
population density regulation may operate after T cell stimulation and proliferation during
immune responses and memory T cells formation when cell numbers need to return to normal

levels remains to be analyzed.
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We inferred that the role for coronins and adhesion molecules in controlling cell population
size may have its origin at the single cell eukaryote stage, consistent with the roles for
coronin 1 and coronin A in regulating these processes in vertebrates and Dictyostelium,
respectively. Moreover, both coronins and integrins may have evolved during the unicellular-
to-multicellular transition (57, 58), when a kin-to-kin density sensing pathway would have
enabled the integration of environmental cues with multicellular dynamics while maintaining
genetic diversity. Furthermore, in humans, both genes encoding coronin 1 and the LFA-1
subunit ITGAL are located on the chromosome 16p11.2 locus, suggesting long-term

coevolution, co-regulation, or both (59, 60).

Our results suggest that cells perceive their population density through coronin-regulated
cell-cell interactions and adjust their cellular components and population behavior
accordingly. Further studies should include identifying how cell-cell signal strength
thresholds are set, the signaling intermediates involved in the control of cell population sizes,

and the potential transcriptional adjustments to gene expression.

The evolutionarily conserved coronin- and adhesion molecule-dependent mechanism
regulating cell density described here now allows a molecular definition of what has thus far
been termed the ‘space’ occupied by immune cell populations. Also, this pathway may be
relevant when the immune system needs to be re-established, such as after hematopoietic
stem cell transplantation (61). Furthermore, given the current surge in T cell-mediated
therapies, during which it is imperative to control cell density and longevity to allow
effectiveness while avoiding uncontrolled growth (62), detailed knowledge of the molecules

involved in cell density sensing and maintenance of appropriate cell population sizes may

14



lead to more effective approaches. Finally, whether other coronin family members, several of
which have been implicated in the control of cell numbers (22, 63), are similarly involved in

density sensing and cell population size control remains an interesting question for the future.
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Materials and Methods

Cells

Jurkat cells (ECACC, Sigma 88042803) were grown in RPMI-1640 (Sigma, #R8758 or
Gibco, #31870-025) supplemented with 10% FBS (PAA or Gibco), 2 mM L-glutamine
(Gibco) and containing 100 U/ml penicillin and 0.1 mg/ml streptomycin (Sigma, #4333).
Cells were incubated in a 37° C humidified incubator with a 5% CO2. Dictyostelium
discoideum wild type, corA- and complemented strains have been described before (50) and

were grown in shaking culture at 160 RPM and 22°C in HL5 medium.

Mice

Coronin 1-deficient mice (The Jackson Laboratory stock no. 030203) were backcrossed to
C57/BL6 and used from backcross 8 or backcross 10 as described before (18). Rag2”’- (64)
mice were obtained from Prof. Ed Palmer (Basel, Switzerland). Cohorts were age (6-16
weeks) and sex matched and both male and female mice were used for the studies. Animal
experiments were performed following the cantonal veterinary rules and regulation at the

animal facility of the Biozentrum, University of Basel.

Human Blood Specimens

Human PBMCs were isolated from healthy volunteers through the Blutspendezentrum,
University Hospital Basel and from the V134M mutated human subject (male, ~22 years old)
described earlier (39) using a Histopaque 1077 (Sigma Aldrich, #10771) column following

the manufacturer’s protocol.
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Primary Culture

Isolated mouse T cells and human PBMCs were cultured in RPMI-1640 (Sigma, #R8758 or

Gibco, #31870-025) supplemented with 10% FBS (PAA or Gibco), 2 mM L-glutamine (Life
Technologies, #25030), 1 mM sodium pyruvate (Sigma, #58636), non-essential amino acids
(Sigma, #M7145), 10 uM 2-mercaptoethanol (Sigma, #M7522) and 100 U/ml penicillin and

0.1 mg/ml streptomycin (Sigma, #4333). Cells were incubated in a 37° C humidified

incubator in a 5% CO2 atmosphere.

Reagents

Antibodies were from the following sources. Rabbit anti-coronin 1 antibody (serum 1002)
has been described before (17). Mouse anti-coronin 1 was from Abnova (cat# H00011151-
MO01) and rabbit anti-coronin 1 was from Abcam (Abcam #: ab123574). Antibodies against
coronin A were described before (50). Flow cytometry antibodies used were from Biolegend
and Becton Dickinson. Anti-ITGAL and anti-ICAM1 were from Santa Cruz Biotechnology
(#sc-374172 and #sc-8439, respectively). Functional blocking antibodies against ICAM1
(clone P2A4, developed by E. A. Wayner and G. Vercellotti) and LFA-1 (ITGAL clone
TS1/22.1.1.13.3 and M17/4.4.11.9; ITGB2 clone H52, developed by Tim Springer) were
obtained from the Developmental Studies Hybridoma Bank. Actin antibody (MAB1501) was

from Merck Millipore. Histopaque 1077 was from Sigma.

Deletion of the coronin 1 gene in Jurkat T cells by CRISPR/Cas9 Genome Editing
pSpCas9(BB)-2A-GFP (PX458) was a gift from Feng Zhang (Addgene plasmid # 48138). A
20-nucleotide sequence targeting the third exon of human coronin 1 followed by a
protospacer adjacent motif (PAM) from Streptococcus pyogenes

[CAGGGGCTCACCTTGCCCAG(GGG)] was selected using publicly available tools for the
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least number of potential off-target sites. The sequence was cloned into PX458 as previously
described (65). Jurkat T cells (1x10°) were transfected with 7.5 g of pX458-sgRNA plasmid
in a 6-well tissue culture plate using the Xfect™ Transfection Reagent (Takara Bio, Cat#
631318) according to the manufacturer’s protocol. GFP-expressing cells were sorted 48 h
after electroporation and enriched, then sorted again after a week and assessed for editing
(loss of coronin 1 expression). After confirming the occurrence of edited cells, we sorted the
cells into 20, 10, 5, and 1 cell per well into 96-well tissue culture plates, expanded the clones,
and screened for coronin 1 knockout clones by flow cytometric and microscopic analysis of
intracellularly-stained cells. More than 20 coronin 1-deficient clones were isolated and
showed a similar phenotype in culture (Data File S1). Three clones were randomly selected
and the absence of coronin 1 expression was further confirmed by immunoblotting and
genotyping using the Inference of Crispr Edited (ICE)-based webtool
(https://ice.synthego.com/#/). All coronin 1-deficient clones possessed the same indel. The
clones shown are coronin 1-deficient Jurkat clone 20-23 (Cor1™ cl.1) and 5-B11 (Corl™
cl.2). As a control, we used one of the cloned cells that expressed WT levels of coronin 1

(clone 5-A3, WT cl.1).

Generation of complemented Jurkat T cell clone

The pLenti-GlII-EF1a-hCORO1A plasmid, which was obtained from Abmgood (Richmond,
Canada), had the EF1a promoter driving human coronin 1 coding DNA sequence (CDS).
This plasmid did not encode a stop codon, and therefore we introduced Kpnl-Clal restriction
sites through the Nhel site using the primer pair CTAGCGGGTACCAATCGAT and
CTAGATCGATTGGTACCCG). Subsequently, the region harboring the CDS was digested
away with Kpnl-Xbal and replaced with the full length human coronin 1 CDS flanked with

Kpnl-Xbal restriction sites to generate pLenti-GlI1-EF1a-hCORO1A expressing the full
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length human CORO1A driven by the EFla promoter. Lentiviral particles were packaged in
HEK293T cells and used for Jurkat cell transduction. Transduced cells were selected by
puromycin and showed substantial variability of coronin 1 expression as determined by flow
cytometry analysis of fluorescently labelled cells. Clonally expanded cells with the highest

expression levels of coronin 1 (although below WT levels) were selected for further studies.

Cell viability analysis

The numbers and viability of Jurkat and mouse T cells were routinely analyzed using Trypan
blue exclusion using a standard Neubauer chamber. Any aggregates, including those induced
upon coronin 1 deletion, were easily disaggregated by gentle repeated pipetting as used in

this procedure.

Isolation of viable cells for protein and RNA Isolation
To separate viable from non-viable cells, Jurkat T cells used for protein and RNA isolation
were first passed through a Histopaque 1077 (Sigma Aldrich, #10771) column following the

manufacturer’s protocol. Only viable cells were collected for subsequent analysis.

Cell lysis and immunoblotting

Viable cells were lysed in RIPA (50 mM Tris-HCI pH7.4, 150 mM NaCl, 1% NP-40, 0.5%
sodium deoxycholate (NaDOC), 0.1% SDS, 1 mM EDTA) buffer containing halt protease
and phosphatase inhibitor cocktail (Thermo Scientific, Cat# 1861284) at 4°C as described
(27). Proteins (20 pg, as determined by the BCA assay, Pierce) were separated on 10%
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) gels and transferred
onto nitrocellulose membranes with semi-dry transfer systems (BioRad, Hercules, CA, USA).

The membranes were stained with Ponceau red protein stain for 10 min, rinsed with ddH20
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and scanned with a CanoScan 9000F Mark Il scanner (Canon). The Ponceau red was washed
off and the membrane blocked with 5% milk in PBS-Tween20 for 1 h at room temperature or
overnight at 4 °C. The antibodies were diluted in 5% milk PBS-Tween20 (1:1000 for mouse
anti-coronin 1, 1:1000 mouse ITGB2 (H52), 1:200 mouse anti-ITGAL (Santa Cruz
Biotechnology #sc-374172), 1:200 mouse anti-ICAML1 (Santa Cruz Biotechnology #sc-8439)
and 1:5000 for anti-actin). Primary antibody incubation was done either at room temperature
for 2 h or overnight at 4 °C. After washing, membranes were incubated with horseradish
peroxidase (HRP)-coupled secondary antibodies (Southern Biotech) (66). Membranes were
developed using WesternBright Quantum HRP substrate (Advansta) and imaged using a

Fusion FX7 (VILBER, Paris, France).

Flow cytometry

For cell surface staining, equal numbers of cells (typically 0.4-1x108 cells) were incubated in
96-well U-bottom plates with the indicated antibody combinations in FACS buffer
(phosphate buffered saline supplemented with 2% FCS and 2 mM EDTA) for 30 min on ice.
Antibodies were used at 1:100. Live/Dead Marker was used at 1:1000. After staining, cells
were pelleted (5 min at 4°C, 450xg), resuspended in 200 ul FACS buffer, transferred to
polystyrene tubes, and analyzed within 2 hours using a BD LSR Fortessa Analyzer or BD
FACS Cantoll Analyzer. For intracellular staining, equal numbers of cells (typically 0.4-
1x106 cells) were transferred in 96-well U-bottom plates, incubated on ice for 15 min with
1:1000 Live/Dead APC/Cy7 solution in PBS-Dulbecco (DPBS) buffer, harvested (4 min at 4
°C, 450xg), fixed with 4% PFA/DPBS (15 min at 4 °C), and incubated (15 min at 4 °C) with
permeabilization buffer (PBS, 2% FCS, 10 mM EDTA, 0.1% saponin, 0.05% Na-azide).
After permeabilization, cells were pelleted (5 min at 4°C, 450xg), resuspended in antibody

diluted in permeabilization buffer, incubated for 30 min on ice, and incubated with 1:500
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dilution of the Alexa Fluor-568 or -647 labelled secondary antibody in permeabilization
buffer for 30 min on ice. Cells were washed and pelleted (5 min at 4°C, 450xg) and
resuspended in 200 pL FACS buffer and transferred to polystyrene tubes and analyzed within
2 hours using a BD LSR Fortessa Analyzer or BD FACS Cantoll Analyzer. Cell surface or
intracellular staining data were analyzed using FlowJo software (Tree Star).

Apoptosis and necrosis was analyzed using the Abcam Apoptosis/Necrosis Detection Kit
(blue, green, red) (Abcam, Cat#ab176749) according to the manufacturer’s protocol. Caspase
3/7 activity was analyzed using the ImmunoChemistry Technologies' Magic Red Caspase-3/7
Assay Kit (ImmunoChemistry, Cat# 936) according to the manufacturer’s protocol. For both

apoptosis/necrosis and Caspase 3/7 assays, the BD LSR Fortessa Analyzer was used.

Immunofluorescence analysis

Cells were seeded on poly-L-lysine-coated 10-well Teflon coated slide (Thermo) for 1h at
37°C with 5% COa. For colocalization analysis, cells were transferred from culture onto ice
and allowed to attach on poly-L-lysine-coated slide at 4 °C. Attached cells were fixed with
ice-cold 100% methanol for 5 min and blocked with 2% FBS, 3% BSA in PBS. Cells were
incubated with primary antibodies (1:500 dilution of rabbit anti-coronin 1 (1002) or mouse
anti-ITGB2 (H52) or both) in a solution of PBS containing 1.2% FBS/1.8% BSA/0.02%
Tween 20 for 30 min at room temperature or overnight at 4 °C. Next, cells were incubated
with 1:500 dilution of Alexa Fluor 568 donkey anti-rabbit and/or Alexa Fluor 488 donkey
anti-mouse labelled secondary antibody (Invitrogen #A-10042 and #A-21202) at room
temperature for 1h. Stained samples were mounted with Fluoroshield Mounting Medium
(Sigma #F6182) and slides were visualized using a 60x oil immersion objective on a Nikon

Ti2E microscope.
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Live cell imaging

For live cell imaging, cell cultures supplemented with propidium iodide (0.5 pg/ml) with or
without function blocking antibody in 96 well plates (Falcon® 96-well Black/Clear Flat
Bottom TC-treated Imaging Microplate with Lid, Cat#: 353219) were imaged on a Nikon
Ti2E microscope with a 37 °C /5% COz incubator (Life Imaging Services GmbH, Basel,

Switzerland).

Scanning Electron Microscopy

Cells were grown on round coverslips (12 mm) that had been cleaned with ethanol and coated
with poly-L-lysine. Cells were fixed with 2.5% glutaraldehyde in PBS and dehydrated in
steps of 15 minutes in 30, 50, 70, 90, 100% (2x) ethanol. This procedure was followed by
critical point drying (CPD, (67)). The dried samples were mounted on SEM stubs and

sputtered with a 20nm layer of gold and analyzed using a Phillips XL 30 ESEM.

Lymphoid organ analysis

To obtain mouse T cells, mice were euthanized with CO2 and blood was sampled by cardiac
puncture. The spleen, lymph nodes and thymus were harvested in ice cold Dulbecco’s PBS
containing 2% FBS and smashed through a gridded mesh (steel/nylon (Sefar AG)). Debris
was removed by a quick spin (70xg, 3 sec). Blood and spleen cells were treated with
ammonium-chloride-potassium (ACK) buffer (155mM NH4CIl, 10mM KHCO2, 1ImM EDTA,
pH 7.4) to remove red blood cells. Cells were counted and stained in FACS buffer (PBS, 2%
FCS, 5mM EDTA) with the appropriate antibodies as indicated in the figure panels or
described (30, 31). After antibody incubation, cells were washed twice with the same buffer

and resuspended in 200 ul of FACS buffer. Fluorescence was measured using a BD LSR
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Fortessa Analyzer or BD FACS Cantoll Analyzer. Results were analyzed using FlowJo
software (Tree Star).

For the ex vivo analysis of T cell survival, total splenic T cell was isolated using the EasySep
Mouse T Cell Isolation Kit (Stemcell Technologies, Cat#: 19851) according to the
manufacturer’s instruction and naive CD4 T cells were purified as described (30). Purified
cells were cultured for the indicated times in RPMI medium supplemented with 10% fetal
bovine serum, 1 mM sodium pyruvate, 2mM L-glutamine, non-essential amino acids (Sigma
M7145), 50 uM beta-mercaptoethanol and 10 U/mL penicillin/streptomycin, with or without
20 ng/mL interleukin-7 (Biolegend cat#: 577802) and with or without purified anti-mouse
ITGAL (M17/4.4.11.9). Cell viability was analyzed by Neubauer chamber counting or flow
cytometry analysis of DAPI or Live/Dead APC/Cy7 staining (Invitrogen Cat# L10119). For
naive CD4 T cells, the live cell counts were analyzed by gating on live

CD3*CD4*CD62L*CD44 cells per each sample.

Histopathological analysis of lymphoid organs

To analyze the thymus, spleen and lymph nodes, mice were sacrificed in a carbon dioxide
chamber. Organs were dissected and isolated, fixed in 4% formalin overnight for 24 h,
washed with ddH20, embedded in paraffin, and sectioned. TUNEL staining was performed
using ThermoFisher’s Click-iT™ Plus TUNEL assay for in situ apoptosis detection with

Alexa FluorTM 647 dye (Cat#: C10619) following the manufacturer’s protocol.

Metabolic activity
Metabolic activity was analyzed using Alamar blue (Sigma-Adrich, R7017-1G, 0.125
mg/mL) following the manufacturer’s protocol. In brief, cells were cultured in a 96-well plate

at the indicated densities and incubated with resazurin solution (10%, vol/vol, resazurin
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sodium salt, 0.125 mg/mL, H20) for 4 h at 37 °C. Fluorescence was measured at 540/588 nm

using a microplate reader (Synergy H4, BioTek Instruments).

Differential expression analysis

Gene expression datasets obtained from WT or coronin 1-deficient conventional T cells
(CD4*CD25") were used (31). Differential expression analysis was conducted using DESeq?2
modeling genotype (WT compared to CorolA knock-out) with a cut-off of adjusted p-values
< 0.01 and log2 fold-change >= 1 (68-71). Statistically significant enrichment of Reactome

pathway (72) annotation terms was assessed using ClusterProfiler (69).

Integrin internalization assay

ITGR2 internalization was performed essentially as described (73). Briefly, cells maintained
in culture at less than 108 cells/mL were harvested, washed with D-PBS (Sigma, #10771),
and washed twice with antibody staining and endocytosis medium (RPMI buffered with 20
mM HEPES, pH 7.4). Cell surface integrins were labelled with Alexa-Fluor 647 conjugated
antibody to ITGB2 (clone CBR LFA-1/2, BioLegend, #366312) in antibody staining and
endocytosis medium for 30 minutes at 4°C. Cells were washed twice with antibody staining
and endocytosis medium and sampled before the start of internalization (start sample). The
remaining cells were re-suspended in antibody staining and endocytosis medium prewarmed
to 37 °C and incubated at 37 °C to allow endocytosis to occur for various intervals (15, 30,
45, 60, 75 or 90 minutes). Residual surface bound antibody was removed by washing the
cells twice (2 minutes/wash) with antibody stripping buffer (50 mM glycine, 150 mM NacCl,
pH 2.5) at 4°C with gentle agitation. Cells were washed with D-PBS and resuspended in
FACS buffer (1x PBS, 2% FCS, 10mM EDTA, 0.05% Na-azide) containing 1 ug/mL 4',6-

diamidino-2-phenylindole (DAPI) to distinguish between viable and dead cells.
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Measurements were performed with BD LSR Fortessa, and data were analyzed using FlowJo
software (FlowJo). The rate of ITGB2 internalization was determined as the percentage of the

internalized signal to the signal from the start sample.

Adoptive transfer with integrin function blocking

Rag2”- mice were administered D-PBS with or without 300 ug of purified rat anti-ITGAL
(clone M17/4.4.11.9) antibody or the isotype control (rat anti-coronin 1 mAb clone GK3) on
day -1 (D-1) intraperitoneally. The following day (Do), T cells were isolated from WT or
coronin 1-deficient mice using the EasySep Mouse T Cell Isolation Kit (Stemcell
Technologies, Cat#: 19851) and subjected to FACS-based purity checks. 107 T cells in D-
PBS containing or not 300 ug M17/4.4.11.9 or GK3 were transferred into respectively pre-
treated Rag2”- mice by tail vein intravenous injection. Other control Rag2’- mice received
only DPBS with no cells. Two days later (D2), blood samples were collected to assess the T
cell population. On the same day, another dose of D-PBS with or without 300 pg
M17/4.4.11.9 or GK3 was administered intraperitoneally. On D4, animals were sacrificed,
and the spleens, lymph nodes, blood and thymus sampled for total T cells present as
described above. The contribution of T cell from the thymus was negligible (typically
<0.005% of total T cells recovered). For animals that received cells, a total of four animals
were treated with anti-LFAL function blocking antibody (M17/4.4.11.9), three animals with
the isotype control anti-coronin 1 (GK3, mouse monoclonal) and three animals with DPBS

for each. In addition, control animals that received no cells were treated with DPBS only.

Intracellular Ca?* Mobilization and Modulation
Cells maintained in culture at low density (below 0.6x10° cells/mL) or at high density (above

2x106 cells/mL) were counted, harvested and normalized to equal cell numbers in their
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respective supernatant. Cells were incubated with 2 pg/ml of Indo-1 AM (ThermoFisher,
Cat# 11223) for 45 min at 37 °C in the dark and gently agitated every 15 min in complete
medium (including magnesium). After Indo-1 AM loading, cells were washed twice,
resuspended in HBSS modified without Ca®* and Mg?*, allowed to equilibrate at 37 °C for
10-15 min, and supplemented with propidium iodide (0.5 pg/ml) to distinguish between live
dead cells. To determine the intracellular Ca?* levels, cells were analyzed by flow cytometry
on a BD LSR Fortessa for 30 s to read the Ca?*-bound (405 nm, reflecting the cytoplasmic
Ca®* levels) and Ca?*-free (510 nm) Indo-1 signals and establish a baseline. PLC activation
and intracellular Ca?* flux was induced with 25 uM m-3m3FBS or DMSO. Data were
collected for an additional 300 s and analyzed using FlowJo software (Tree Star). To
modulate intracellular Ca?* levels and assess the effect on viability, cells were seeded at the
indicated density with DMSO or the SERCA blocker thapsigargin at the indicated

concentration, cultured for 120 h, and sampled for viability.

Label-free quantitative proteomics analysis of Dictyostelium discoideum

Cells were cultured as indicated in the figure panels. Cells (3x10°) were pelleted, washed
with ice cold DPBS, pelleted again and resuspended in lysis buffer (8 M urea, 0.1M
ammonium bicarbonate, phosphatase inhibitors, 5 mM TCEP), and sonicated with a
Bioruptor (10 cycles, 30 seconds on/off, Diagenode, Belgium). Proteins were alkylated with
10 mM chloroacetamide for 1 h at 37 °C. After diluting samples with 100 mM ammonium
bicarbonate buffer to a final urea concentration of 1.6M, proteins were digested by incubation
with sequencing-grade modified trypsin (1/50, w/w; Promega, Madison, Wisconsin)
overnight at 37°C. After acidification using 5% TFA, peptides were desalted on C18
reversed-phase spin columns according to the manufacturer’s instructions (Macrospin,

Harvard Apparatus) and dried under vacuum. Peptides were dissolved in and adjusted to 0.5
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po/ul with 0.1% formic acid and 1 ug subjected to label-free quantification based LC-MS
analysis as described previously (74). In brief, chromatographic separation of peptides was
carried out using an EASY nano-LC 1000 system (Thermo Fisher Scientific) equipped with a
heated RP-HPLC column (75 um x 37 cm) packed in-house with 1.9 um C18 resin (Reprosil-
AQ Pur, Dr. Maisch). Aliquots of 1 pg total peptides were analyzed per LC-MS/MS run
using a linear gradient ranging from 95% solvent A (0.1% formic acid) and 5% solvent B
(99.9% acetonitrile, 0.1% formic acid) to 30% solvent B over 120 minutes at a flow rate of
200 nl/min. Mass spectrometry analysis was performed on Q-Exactive HF mass spectrometer
equipped with a nanoelectrospray ion source (both Thermo Fisher Scientific). Each MS1 scan
was followed by high-collision-dissociation (HCD) of the 20 most abundant precursor ions
with dynamic exclusion for 30 seconds. Total cycle time was approximately 1-2 sec. For
MS1, 3e6 ions were accumulated in the Orbitrap cell over a maximum time of 100 ms and
scanned at a resolution of 120,000 FWHM (at 200 m/z). MS2 scans were acquired at a target
setting of 1e5 ions, accumulation time of 50 ms and a resolution of 15,000 FWHM (at 200
m/z). Singly charged ions and ions with unassigned charge state were excluded from
triggering MS2 events. The normalized collision energy was set to 28%, the mass isolation

window was set to 1.4 m/z and one microscan was acquired for each spectrum.

The acquired raw files were imported into the Progenesis QI software (v2.0, Nonlinear
Dynamics Limited), which was used to extract peptide precursor ion intensities by applying
the default parameters. The generated mgf files were searched with MASCOT against a
decoy database containing normal and reverse sequences of the predicted SwissProt entries of
Dictyostelium discoideum (www.ebi.ac.uk, release date 2017/10/09) and commonly observed
contaminants (26,272 sequences in total) generated using the SequenceReverser tool from the

MaxQuant software (Version 1.0.13.13). The search criteria were set as follows: full tryptic
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specificity was required (cleavage after lysine or arginine residues, unless followed by
proline); 3 missed cleavages were allowed; carbamidomethylation (C) was set as fixed
modification; oxidation (M) and acetylation (Protein N-term) were applied as variable
modifications; mass tolerance of 10 ppm (precursor) and 0.02 Da (fragments). The database
search results were filtered using the ion score to set the false discovery rate (FDR) to 1% on
the peptide and protein level, respectively, based on the number of reverse protein sequence
hits in the datasets. The relative quantitative data obtained were normalized and statistically

analyzed using our custom script as above (74).

Tandem mass tags-based proteomics analysis of Jurkat T cells

Cells were cultured as indicated in the figure panels and separated using Ficoll gradient
centrifugation to separate live from dead cells using Histopaque-1077 (Sigma), following the
manufacturer’s protocol. Jurkat T cells (2x10°) were pelleted and prepared as described
above. Sample aliquots containing 10 ug of peptides were dried and labeled with tandem
mass isobaric tags (TMTpro 16-plex, Thermo Fisher Scientific) according to the
manufacturer’s instructions. Overall, 6 TMT experiments were carried out including 15
samples and one pooled sample containing aliquots of all 90 samples. After pooling the
differentially TMT labeled peptide samples, peptides were again desalted on C18 reversed-
phase spin columns according to the manufacturer’s instructions (Macrospin, Harvard
Apparatus) and dried under vacuum. TMT-labeled peptides were fractionated by high-pH
reversed phase separation using a XBridge Peptide BEH C18 column (3,5 um, 130 A, 1 mm
x 150 mm, Waters) on an Agilent 1260 Infinity HPLC system. Peptides were loaded on
column in buffer A (ammonium formate (20 mM, pH 10) in water) and eluted using a two-
step linear gradient starting from 2% to 10% in 5 minutes and then to 50% (v/v) buffer B

(90% acetonitrile / 10% ammonium formate (20 mM, pH 10) over 55 minutes at a flow rate
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of 42 ul/min. Elution of peptides was monitored with a UV detector (215 nm, 254 nm). A
total of 36 fractions were collected, pooled into 12 fractions using a post-concatenation
strategy as previously described (75), and dried under vacuum. Peptides (1ug) were LC-MS
analyzed as described previously (74). Chromatographic separation of peptides was carried
out using an EASY nano-LC 1000 system (Thermo Fisher Scientific) equipped with a heated
RP-HPLC column (75 pum x 37 cm) packed in-house with 1.9 um C18 resin (Reprosil-AQ
Pur, Dr. Maisch). Aliquots of 1 pg total peptides were analyzed per LC-MS/MS run using a
linear gradient ranging from 95% solvent A (0.15% formic acid in water) and 5% solvent B
(80% acetonitrile, 19.9% water, 0.1% formic acid) to 30% solvent B over 70 minutes and to
45% solvent B over another 20 min. at a flow rate of 200 nl/min. Mass spectrometry analysis
was performed on Q-Exactive HF mass spectrometer equipped with a nanoelectrospray ion
source (both Thermo Fisher Scientific). Each MS1 scan was followed by high-collision-
dissociation of the 10 most abundant precursor ions with dynamic exclusion for 20 seconds.
Total cycle time was approximately 1 s. For MS1, 3e6 ions were accumulated in the Orbitrap
cell over a maximum time of 100 ms and scanned at a resolution of 120,000 FWHM (at 200
m/z). MS2 scans were acquired at a target setting of 1e5 ions, accumulation time of 100 ms
and a resolution of 30,000 FWHM (at 200 m/z). Singly charged ions and ions with
unassigned charge state were excluded from triggering MS2 events. The normalized collision
energy was set to 30%; the mass isolation window was set to 1.1 m/z; and one microscan was
acquired for each spectrum. The acquired raw files were searched against a protein database

containing sequences of the predicted SwissProt entries of Homo sapiens (www.ebi.ac.uk,

release date 2019/03/21), and commonly observed contaminants (17,175 sequences in total)
using the SpectroMine software (Biognosys, version 1.0.20235.13.16424) and the TMTPro
default settings. In brief, the precursor ion tolerance was set to 10 ppm and fragment ion

tolerance was set to 0.02 Da. The search criteria were set as follows: full tryptic specificity
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was required (cleavage after lysine or arginine residues unless followed by proline), 3 missed
cleavages were allowed, carbamidomethylation (C), TMTpro (K and peptide n-terminus)
were set as fixed modification and oxidation (M) as a variable modification. The false
identification rate was set to 1% by the software based on the number of decoy hits. Proteins
that contained similar peptides and could not be differentiated based on MS/MS analysis
alone were grouped to satisfy the principles of parsimony. Proteins sharing significant
peptide evidence were grouped into clusters. The different TMT experiments were combined
using the pool channel based internal reference scaling (IRS) approach described previously
(76). In brief, a geometric means of pool channels from all TMT sets was calculated for each
protein. For each TMT set, a protein specific scaling factor was calculated as ratio of
geometric mean to the reference channel intensity. The IRS corrected protein intensities were
then used for differential analysis using SafeQuant R script (v2.3, (74) with disabled
normalization step. The analysis was based on empirical Bayes moderated t- statistics.

Derived p-values were corrected for multiple testing using the Benjamini—Hochberg method.

Quantification and Statistical analysis

Statistical analyses were performed with GraphPad Prism Software (version 8) or Excel
(Microsoft office). Gene ontology was performed using Panther
(http://www.pantherdb.org/panther/ontologies.jsp. Comparisons between two groups were
performed with the unpaired Student’s t-test or the Mann-Whitney U-test (when the groups
were independent and did not have a normal distribution). P values: * P<0.05, ** P<0.01,
***pP<(0.001 and ****P<0.0001. Error bars normally show standard deviation unless

otherwise indicated.
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Figure Legends

Figure 1: Density-dependent T cell survival is promoted by coronin 1 ina T cell-

intrinsic manner.

(A) Coronin 1 protein levels in developing thymocytes from double negative (DN: CD4CD8"
) to double positive (DP: CD4*CD8") to single positive medullary (SM: Qa2'CD62L") to
mature proliferation-competent single positive (M1: Qa2-CD62L'%) and to mature and
emigration-competent single positive (M2: Qa2*CD62L*) thymocytes (n=5 animals per
group).

(B) Percentage (population frequency) of T cells in WT mouse mesenteric lymph nodes (LN)
compared to the spleen. **** P <0.0001 by Student’s t-test. n=5 animals per group.

(C) Coronin 1 protein levels in mature naive T cells from spleen and mesenteric lymph nodes
(LN). **** P <0.0001 by Student’s t-test. n=5 animals per group.

(D) Distribution of protein abundances determined in Jurkat T cells (T=24 hr) using
normalized spectral abundance factor (NSAF) as determined by mass spectrometry. The top
200 proteins are shaded light gray. The middle and right panels show magnified areas of the
left panel with the same scale and y-axis. Middle: Coronin 1 expression at low density (rank
121; 0.5x1068 cells/mL); right: coronin 1 expression in cells having reached high density (rank
11; 4x1068 cells/mL). N=1 experiment with 3 technical replicates per group.

(E) T cells (Jurkat) were seeded at low density (2x10° cells/mL) and analyzed for cell growth
at the times indicated. Shown is a representative result from 3 independent experiments.
(F,G) WT (F) or coronin 1-deficient (G) Jurkat T cells were seeded at 2x10° cells/mL and
analyzed for caspase 3/7 (Casp 3/7) activity at the times indicated. N=2 independent

experiments, each with 3 technical replicates per group.
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(H) Proliferation of coronin 1->expressing and coronin 1-deficient Jurkat T cells (cl. 1 and cl.
2 are independently generated clones (out of ~20)) seeded at 2x10° cells/mL and analyzed at
the times indicated for cell numbers and viability by Trypan blue exclusion. Inset:
Percentages of viable cells in coronin 1-expressing or coronin 1-deficient Jurkat T cells
seeded at 2x10° cells/mL and analyzed at the times indicated for apoptosis. N>3 independent
experiments, each with 3 technical replicates per group.

(1,J) Proliferation of coronin 1-expressing and coronin 1-deficient Jurkat T cells seeded at
2x10° cells/mL, cultured for 72 hours, media swapped as described, and analyzed for
numbers of live cells (I) and % viable cells (J) at the times indicated. Circles and squares
represent growth in medium in medium conditioned by WT cells; triangles indicate growth in
medium conditioned by coronin 1-deficient cells. N=3 independent experiments, each with 3
technical replicates per group.

(K,L) WT and coronin 1-deficient Jurkat T cells were seeded (2x10° cells/mL) in culture
separately or at WT:Corl” ratios of 20:80 (WT:KO_20/80), 40:60 (WT:KO_20/80), 80:20
(WT:KO_20/80) and analyzed by FACS at the indicated times for coronin 1
immunofluorescence and viability. The means + standard deviation of the percentages of
coronin 1-expressing cells (K) and viability (L) are shown. N=2 independent experiments,

each with 3 technical replicates per group.

Figure 2: Coronin 1-modulated surface expression of LFA-1 and ICAML1 regulates
density-dependent cell death initiation

(A) Heatmap of significant differentially expressed genes with functions related to adhesion
pathways in WT and coronin 1-deficient mouse T cells (31). Normalized variance stabilized
transformation (vst) expression values calculated in DESeqg2 and hierarchically clustered

using Pearson correlation with average linkage as implemented in R.
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(B) Dot plot showing the most significantly enriched pathways among the differentially
expressed genes in WT and coronin 1-deficient conventional T cells for the Reactome
Pathways collection. P-values were adjusted using the Benjamini-Hochberg procedure. The
background set of genes (universe) was the 14427 genes detected in the RNA-seq
experiments.

(C) Mouse T cells were isolated from spleen and cultured for 24 hours at 2x107 cells/ml prior
to imaging. Images are representative of multiple fields per well (technical triplicates) of T
cells from at least 3 animals per group. Bar: 100 um.

(D) Cell surface expression of ICAM1, ITGAL and ITGB2 on mouse naive T cells
(CD3*CD4/8*CD24-CD62L"CD44" or CD3*CD4/8*CD24-CD62L"Qa2"CD44'"°) as
analyzed by flow cytometry. Plots are representative of at least 4 independent experiments,
each with samples from >3 animals per group.

(E) WT or coronin 1-deficient Jurkat T cells seeded at 2x10° cell/mL in the culture medium
supplemented with propidium iodide to visualize dead cells, imaged at the indicated time
points. Images are representative of N>4 independent experiments, each with 3 technical
replicates per group. Scale bar: 500 um. See also Movies S1 and S2.

(F) TUNEL stained sections of mouse spleen and lymph nodes: Nuclei are in blue and
apoptotic cells are in red. Images are representative of sections from 3 spleens and >9
inguinal and axillary lymph nodes from 3 animals per group. Scale bar: 500 um (top), 50 um
(bottom).

(G-H) Brightfield images (G) and cell viability (H) of WT and coronin 1-deficient Jurkat T
cell cultures seeded at 2x10° cells/mL without or with the indicated function blocking
antibody and cultured for 4 days. Scale bar: 200 um, Error bar: standard deviation. N=5
independent experiments, each with 3 technical replicates per group. ****, P <0.0001 by

two-way ANOVA.
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Figure 3: Coronin 1 controls T cell population size by inducing LFA-1 internalization to
suppress cell death signaling mediated by surface LFA-1

(A) Surface expression of ICAM1 and LFA-1 on naive CD4 human T cells of a subject with
homozygous coronin 1 destabilizing V134M mutation compared to healthy donor. Median
fluorescence intensity (MFI) is shown. N=3 technical replicates per subject.

(B) Schematic outline of the experimental workflow for adaptive transfer of mouse T cells
treated with DPBS, anti-LFA-1 (M17) or the isotype control (GK3) into Rag2’ mice (B).
Percentage of WT T cells in blood 2 days after adoptive transfer into Rag2”- mice (left) and
total number of T cells recovered from spleen, inguinal lymph nodes and blood at day 4
(right) (C). T cell counts per organ following the treatments indicated are shown (D). Data
from n>3 mice per group obtained in 3 independent experiments are shown.

(E-G) Schematic workflow showing Jurkat T cells maintained in culture at low density (<
~5x10° cells/mL) or allowed to expand to high density (> ~2x10° cells/mL) for 24 hrs before
re-seeding at increasing density (E). Cell density-dependent MFI of surface ITGB2 (F) and
viability (G) are plotted for Jurkat T cells re-seeded from low and high density cultures as
indicated. N=3 independent experiments, each with 3 technical replicates per group. Graphs
show means + standard deviation. ns, not statistically significant, ***, P<0.001 **** P
<0.0001 by one-way ANOVA in (F) and (G).

(H) FACS analysis of integrin ITGB2 cell surface levels (gray bars) and cell viability
(Live/Dead marker, pink bars) after seeding of Jurkat T cells at 8x10° cells/mL at the times
indicated. S/T: surface to total ratio. N=2 independent experiments, with 3 technical
replicates per group.

(1) Immunofluorescence images of coronin 1 (red) and ITGB2 (green) in Jurkat cells and the

corresponding DIC images are shown. Arrowheads indicate apposition of coronin 1 with
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ITGB2. Images are representative of 2 independent experiments, each with >40 cells per
group.

(J) Kinetics of the internalization of ITGB2 from cell surface to intracellular space as
determined by flow cytometry of surface-internalized ITGB2. N=2 independent experiments,

each with 3 technical replicates per group.

Figure 4: Coronin 1-dependent prosurvival Ca?* mobilization is cell-density and LFA1-
dependent

(A) Intracellular Ca?* release upon PLC stimulation in WT and coronin 1-deficient Jurkat T
cells maintained at low density (< ~5x10° cells/mL) or cultured to high density (> ~2x108
cells/mL). N=3 independent experiments, each with 3 technical replicates per group.

(B) Viability of WT and coronin 1-deficient Jurkat cells seeded at 2x10° cells/mL with or
without thapsigargin (TQg) at the indicated concentration and sampled at 120h. Means +
standard deviation are shown. N=2 independent experiments, each with 4 technical replicates
per group. ns: not statistically significant, **** P<0.0001 by one-way ANOVA.

(C) Intracellular Ca?* release upon PLC stimulation in WT and coronin 1-deficient Jurkat T
cells cultured to high density (> ~2x108 cells/mL) with LFA-1 function blocking antibody

(H52). N=2 independent experiments, each with 2 technical replicates per group.

Figure 5: An evolutionarily conserved coronin-dependent pathway regulates cell
density-dependent survival through kin-to-kin cell adhesion signaling
(A) WT, coronin A-deficient (corA’) or coronin A-deficient complemented with FLAG-

tagged coronin A (corA-/FLAG -CorA) Dictyostelium discoideum were seeded at 10°
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cells/mL and cell numbers analyzed at the times indicated. N=3 independent experiments,
each with 3 technical replicates per group. ****, P <0.0001 by one-way ANOVA.

(B) Heat maps of mass spectrometry-determined log2ratio of density-dependent significantly
regulated proteomes of wild type and corA- at late lag (24h), early log (48h) and early
stationary (110h) growth phase. Cells that had been maintained in culture through at least 4
passages at lag-phase density (always below 8x10° cell/mL) were re-seeded at 10° cells/mL
and analyzed by mass spectrometry at the indicated time points. 148 proteins of 4301 total
proteins identified by mass spectrometry were determined to be significantly regulated in
coronin A- and cell density-dependent manner. Representative of the average of 3 technical
replicates per group.

(C) Enrichment analysis and functional annotation of the top 148 proteins that were
significantly regulated during different phases of growth between WT and corA-
Dictyostelium cells (see also Data File S5).

(D) Most significantly enriched known proteins from (B) and (C) are shown.

(E) Example set of proteins that increase in abundance in WT or corA"/FLAG-CorA
Dictyostelium discoideum upon reaching high cell density but are already significantly
increased in corA" Dictyostelium discoideum at low cell density. Symbols as in (A).

(F) Example set of proteins that significantly decrease in abundance in WT or corA/FLAG-
CorA Dictyostelium discoideum upon reaching high cell density but are already significantly

reduced in corA- Dictyostelium discoideum at low cell density. Symbols as in (A).

Figure 6: Model depicting the role for coronin 1/coronin A in cell population size
control while maintaining cellular individuality
Upper: During cell population increase, coronin 1 (in T cells) or coronin A (in Dictyostelium)

abundance (green) is modulated according to cell density increase, thereby dampening
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adhesion molecule-initiated cell population growth arrest and/or death signaling (red). Lower
left: Whereas coronin is dispensable for cell population density increase at low cell densities,
in its absence the threshold at which growth arrest/death signaling is initiated far below the
threshold at which WT cells regulate their cell density. Lower right: This role for coronin
1/coronin A to coordinate homotypic sensing with cell population density also allows the

maintenance of cellular individuality.
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Figure 1: Density-dependent T cell survival is promoted by coronin 1 in a cell-intrinsic manner.

(A) Expression of coronin 1 mRNA determined by RNAseq in wild type double negative thymocytes (DN) and splenic mature
naive T (MNT) cells (data from (14)); Shown are mean + standard deviation; P-values were determined by student t-test,
****.<0.0001, n=6 animals.

(B) Coronin 1 protein levels in mature naive T cells from spleen and mesenteric lymph nodes (LN); P-values were deter-
mined by Student t-test, ****: <0.0001, n=8 animals.

(C) Percentage (population frequency) of T cells in mouse lymph nodes compared to the spleen; P-values were determined
by Student’s t-test, ****: <0.0001, n=5 animals. The P-values in (C-E) for the day 5 time point were determined by two-way
ANOVA: p: <0.0001.

(D) Distribution of protein abundances determined in Jurkat T cells (T=24 hr) using normalized spectral abundance factor
(NSAF) as determined by mass spectrometry. The top 200 proteins are shaded light gray. Middle panel: coronin 1 expres-
sion at low density (rank 121; 0.5x108 cells/mL); right panel: coronin 1 expression in cells having reached high density (rank
11; 4x108 cells/mL).

(E) T cells (Jurkat) were seeded at 2x10° cells/mL, and analyzed for cell growth at the times indicated.

(F,G) Wild type (F) or coronin 1-deficient (G) Jurkat T cells were seeded at 2x10° cells/mL, and analyzed for caspase 3/7
activity at the times indicated.

(H) Proliferation of coronin 1-expressing and coronin 1-deficient Jurkat T cells seeded at 2x10° cells/mL and analyzed at the
times indicated for cell numbers and viability (by Trypan blue exclusion, see inset for % viable cells). The coronin 1-deficient
cells are easily disaggregated by gentle repeated pipetting. Inset: Percentages of viable cells in coronin 1-expressing or
coronin 1-deficient Jurkat T cells seeded at 2x10° cells/mL and analyzed at the times indicated for apoptosis.

(1,J) Proliferation of coronin 1-expressing and coronin 1-deficient Jurkat T cells seeded at 2x10° cells/mL, cultured for 72
hours, media swapped as described and analyzed at the times indicated. Circles and squares represent growth in wild type
conditioned medium; triangles indicate growth in conditioned medium from coronin 1-deficient cells.

(K,L) Co-culture of wild type and coronin 1-deficient Jurkat cells: wild type and coronin 1-deficient Jurkat T cells were
seeded (2x10° cells/mL) in culture separately or at wild type:cor1-/- ratios of 20:80 (WT:KO_20/80), 40:60 (WT:KO_20/80),
80:20 (WT:KO_20/80) and sampled at indicated times and stained coronin 1 as well as viability then analyzed by FACS. The
mean + standard deviation of the percentages of coronin 1-expressing cells (K) and viability (L) are shown.
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Figure 2: Coronin 1-modulated LFA-1/ICAM1 surface expression regulates density-dependent cell death initiation

(A) Heatmap of significant differentially expressed genes with function related to adhesion pathways in wild type and coronin
1-deficient mouse T cells. Rgularized log-tansformed (rlog) expression values calculated in DESeq2 and hierachically clustered
using Pearson correlation with average linkage as implemented in R. Cor1: coronin 1.

(B) Dot plot showing the most significantly enriched pathways among the differentially expressed genes in wild type versus
coronin 1-deficient conventional T cells for the Reactome Pathways collection. P-values were adjusted using the Benjami-
ni-Hochberg procedure. The background set of genes (universe) was the ~15000 genes detected in the RNA-Seq experiments.
(C) Mouse T cells were isolated from spleen and cultured for 24 hours at 2x10” cells/ml prior to imaging. Bar: 100 pm.

(D) Cell surface expression of ICAM1, ITGAL and ITGB2 on mouse naive T cells as analyzed by flow cytometry. Median
fluorescence intensity (MFI) and P-values for n=4 of at least 4 independent experiments are indicated.

(E)Time sequence images of wild type or coronin 1-deficient Jurkat T cells seeded at 2x10° cell/mL in the presence of propidi-
um iodide, to visualize dead cells, at the indicated time points. See also suppl movie 1 and 2.

(F) TUNEL stained sections of mouse spleen and lymph nodes: Nuclei in blue and apoptotic cells in red.

(G-H) Function blocking LFA-1/ICAM1: (g) brightfield images and (h) cell viability of wild type and coronin 1-deficient Jurkat T
cell culture seeded at 2x10° cells/mL without or with function block antibody and cultured for 4 days. Scale bar: 200 um, Error
bar: standard deviation. Representative data of 5 independent experiments are shown.
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Figure 3: Coronin 1 regulates T cell population homeostasis by moderating surface LFA-1-mediated cell death
signalling through LFA-1 internalization.

(A) Surface expression of ICAM1 and LFA-1 on naive CD4 human T cells of a subject with homozygous coronin 1
destabilizing V134M mutation compared to control donor: Median fluorescence intensity (MFI) are plotted.

(B-D) In vivo reversal of T cell death by anti-LFA-1 function blocking antibody: (B) Schematic outline of the experimental
workflow for adaptive transfer of mouse T cells in Rag2-/- treated with DPBS, anti-LFA-1 (M17) or the isotype control
(GK3). (C) Percentage of wild type T cells in blood 48 hrs after adoptive transfer into Rag2”- mice (left) and total number
of T cells recovered from spleen, axillary lymph nodes and blood after 96 hrs (right). In (D), T cell counts per organ
following the treatments indicated are shown. Representative data from 3 independent experiments are shown, n=2.
(E-G) Density shock experiment: (E) Schematic workflow showing Jurkat T cells maintained in culture at low density (<
~5x10° cells/mL) or allowed to expand to high density (= ~2x108 cells/mL) for 24 hrs. before re-seeding at increasing
density. Cell density-dependent MFI of surface ITGB2 (F) and viability (G) are plotted for Jurkat T cells re-seeded from
low and high density cultures as indicated.

(H) Analysis of integrin ITGB2 cell surface levels by FACS (gray bars) and cell viability (Trypan blue exclusion, pink bars)
following seeding of Jurkat T cells at 8x10° cells/mL at the times indicated. S/T: surface to total ratio.

(I) Subcellular distribution of ITGB2 in wild type and coronin 1-deficient Jurkat T cells: Immunofluorecence images of
coronin 1 (red) and ITGB2 (green) and the corresponding DIC images are shown. Arrowheads indicate apposition of
coronin 1 with ITGB2.

(J) Kinetics of the internalization of ITGB2 from cell surface to intracellular space as determined by flow cytometry of
surface-internalized ITGB2. All graphs show the mean + standard deviation: n=3; P-values were determined by student
t-test (A and B) and two-way ANOVA (D): ns>0.05; ****; <0.0001.
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Figure 4: Coronin 1-dependent prosurvival Ca? mobilization is cell-density and LFA1-dependent

(A) Intracellular calcium release upon PLC stimulation in wild type and coronin 1-deficient Jurkat T cells maintained at
low density (< ~5x10° cells/mL) or cultured to high density (= ~2x108 cells/mL).

(B) Viability of wild type and coronin 1-deficient Jurkat cells seeded at 2x10° cells/mL with or without thapsigargin (Tg)
at the indicated concentration and sampled at 120h; Shown are mean + standard deviation: n=4; P-values were
determined by two-way ANOVA: ns: >0.1; ****: <0.0001.

(C) Intracellular calcium release upon PLC stimulation in wild type and coronin 1-deficient Jurkat T cells cultured to
high density (= ~2x10° cells/mL) with LFA-1 function block antibody (H52).
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Figure 5: An evolutionary conserved coronin-dependent pathway regulates cell density-dependent survival
through homeostatic kin-to-kin cell adhesion signaling.

(A) Wild type, coronin A-deficient (corA™) or coronin A-deficient complemented with FLAG-tagged coronin A (corA/FLAG
-CorA) Dictyostelium discoideum were seeded at 10° cells/mL and cell numbers analyzed at the times indicated. The
P-values for the 140 h time point were determined by two-way ANOVA: ****; <0.0001.

(B) Intracellular calcium release upon PLC stimulation in wild type and coronin 1-deficient Jurkat T cells maintained at low
density (< ~5x10° cells/mL) or cultured to high density (= ~2x106 cells/mL).b, Viability of wild type and coronin 1-deficient
Jurkat cells seeded at 2x105 cells/mL with or with thapsigargin (Tg) at the indicated concentration and sampled at 120h;
Shown are mean + standard deviation: n=4; P-values were determined by two-way ANOVA: ns: >0.1; ****: <0.0001.c,
Intracellular calcium release upon PLC stimulation in wild type and coronin 1-deficient Jurkat T cells cultured to high density
(= ~2x108 cells/mL) with LFA-1 function block antibody (H52). Heat maps of mass spectrometry-determined log2ratio of
density-dependent significantly regulated proteomes of wild type and corA™ at late lag (24h), early log (48h) and early
stationary (110h) growth phase. Cells that had been maintained in culture through at least 4 passages at lag-phase density
(always below 8x10° cell/mL) were re-seeded at 10° cells/mL and sampled at the indicated time points for mass spectrome-
try. 148 proteins of 4301 total proteins identified by mass spectrometry were determined to be significantly regulated in
corA™ and cell density-dependent manner.

(C) Enrichment analysis and functional annotation of the top 148 proteins that were significantly regulated during different
phases of growth between wild type and corA- Dictyostelium cells (see also Table S5).

(D) Most significantly enriched proteins from Panel B,C. Shown are known proteins only.

(E) Example set of proteins that increase in abundance in wild type or corA”/FLAG-CorA upon reaching high cell density but
are already significantly increased in corA™ at low cell density.

(F) Example set of proteins that significantly decrease in abundance in wild type or corA”/FLAG-CorA upon reaching high
cell density but are already significantly reduced in corA™ at low cell density.
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Figure 6: Model depicting the role for coronin 1/A in cell population homeostasis and maintaining cellular
individuality

Upper panel: During cell population increase, coronin 1/A expression (green) is tuned to cell density increase,
thereby dampening adhesin-initiated cell population growth arrest and/or death signaling (red). Lower left: Where-
as at low cell densities, coronin is dispensable for cell population density increase, in its absence the threshold at
which growth arrest/death signaling is initiated is far below the threshold at which wild type cells regulate their cell
density. Lower right: This role for coronin 1A to coordinate kin-to-kin sensing with cell population density also
allows the maintenance of cellular individuality.





