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Local Antigen Encounter Is Essential
for Establishing Persistent CD8 ¢
T-Cell Memory in the CNS

Amalie S. Schgller, Masja Fonnes, Loulieta Nazerai, Jan P. Ch ristensen and
Allan R. Thomsen *

Department of Immunology and Microbiology, University of Qeenhagen, Copenhagen, Denmark

While the brain is considered an immune-privileged site, th€NS may nevertheless
be the focus of immune mediated in ammation in the case of irdction and certain
autoimmune diseases, e.g., multiple sclerosis. As in othdissues, it has been found that
acute T-cellin ltration may be followed by establishment bpersistent local T-cell memory.
To improve our understanding regarding the regulation of pative tissue resident memory
T (Trm) cells in CNS, we devised a new model system for studygnthe generation of
Trm cells in this site. To this purpose, we exploited the facthat the CNS may be a
sanctuary for adenoviral infection, and to minimize virugtduced disease, we chose
replication-de cient adenoviruses for infection of the CI$. Non-replicating adenoviruses
are known to be highly immunogenic, and our studies demonsate that intracerebral
inoculation causes marked local T-cell recruitment, whichs followed by persistent
in Itration of the CNS parenchyma by antigen specic CD§ T cells. Phenotypical
analysis of CNS in Itrating antigen speci c CD& T cells was consistent with these
cells being Trms. Regarding the long-term stability of theniltrate, resident CD8® T cells
expressed high levels of the anti-apoptotic molecule Bcl-2as well as the proliferation
marker Ki-67 suggesting that the population is maintainedhrough steady homeostatic
proliferation. Functionally, memory CD8 T cells from CNS matched peripheral memory
cells with regard to capacity forex vivo cytotoxicity and cytokine production. Most
importantly, our experiments revealed a key role for localntigen encounter in the
establishment of sustained CD§ T-cell memory in the brain. In ammation in the absence
of cognate antigen only led to limited and transient in ltrion by antigen speci ¢ CD8“
T cells. Together these results indicate that memory CO8 T cells residing in the
CNS predominantly mirror previous local infections and imone responses to local
autoantigens.

Keywords: immune surveillance, CNS, tissue resident memory T ce lls, adenovectors, viral infection

INTRODUCTION

It is well-known that T cells play a key role in the pathogenes$imany infections, autoimmunity
and cancer. From a developmental point of view T cells are divithto naive, e ector, and
memory cells, where memory T cells are antigen primed cellsglag an important role in the
accelerated immune response against previously encountetiggas. Classically, memory T cells
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have been divided into central memory cells that reciraulat of improving vaccination regimens, it should also be pointed ou
between the secondary lymphoid organs and express the lymphat improved insight into the role of Trms in autoimmunity
node homing receptors CCR7 and CD62L, and e ector memorynay have important implications for how we should treat
cells, the function of which is to patrol the peripheral organsla autoimmune diseases in the future. Preventing recruitnfeorn
rapidly in Itrate in amed areas (). However, recently a third the circulation would be of little consequence, if autonoraiyu
and very large subset of memory T cells has been detegtédl ( maintained local populations of Trms play the most important
These have been named tissue resident memory T cells (Trm®)le in the activity of a disease like MS.
and represent sessile cells often autonomously maintained i Models of CNS autoimmunity are typically hampered by the
close proximity to the classical ports of pathogen entry, ekgn,  fact that the pathogenic T cells are generally of €04cell type,
and mucosal surface in the gut and lungs, where they serve asile in humans CD8 T cells dominate the CNS lesiong1j.
an important rst line of defense against pathogens assodiateThis along with the fact that the antigen speci c T cells are not
with these organ site(5). Trms develop from antigen primed easily analyzed quantitatively and qualitatively calls danew
cells that enter the relevant tissues during the e ector phasapproach. Therefore, to develop a model system to study“CD8
and locally receive the environmental cues required to adopf cell functioning in the CNS, we exploited the fact that the €N
the unique signature particular to these celis{). Thus, Trms may be a sanctuary for adenovirus€8)( As induction of lethal
are characterized by their own set of surface molecules suclisease would clearly defy the purpose of our study, we chose to
as CD69 and CD103, both of which are assumed to play amake use of adenoviruses that were made incapable of repticati
important role in the local maintenance of the Trm population through modi cation of critical genes. Such adenovectors a
(6). CD69 antagonizes the activity of the sphingosine 1-phospategevertheless highly immunogenic and peripheral inoculai®n
receptor (S1P1), which is a critical regulator of T cell egresknown to induce potent CD8 T cell responses2@ 24). In
from most tissues ), and CD103, which pairs with integrin our experimental set-up the immunogenicity was in some cases
b7 and mediates binding to E-cadherin, may be involved in theeven further improved by tethering of the antigen to the m@in
positioning and retention of the cell9); although CD103 Trms  invariant (li) chain, which increases surface antigen pnégston
have been described in several tissues including the inésst through mechanisms not fully understoo@%, 26). Using these
secondary lymphoid organs and liver(-14). Indeed, no single vectors we could not only mimic a non-lethal viral infectio
cell surface marker represents a de nitive marker for Trmgj a the CNS; as antigen expression from adenovectors is known to
the ultimate approach to evaluate the degree of tissue resydenbe relatively long-standing, the induced response could &ises
of a memory population remains a comparative analysis ofs a model for an autoimmune response against the tissug/cell
immune cell distribution between animals of parabiotic pairssupporting persistence of the vector. In this study we show that
(4). Notably, increasing evidence has shown that Trms can alsotracerebral (i.c.) inoculation of non-replicating adermtors
be found in non-barrier tissues including the CN$4, and results in e cient T-cell priming as well as potent recruitment
may contribute critically in autoimmunity and tumor immuty  of antigen specic CD8 T cells to the CNS. The recruited
(15, 16) in addition to their role in the defense against pathogensells di erentiate locally and eventually carry all the hadrks
(5, 6, 17). Given that CNS represents a vulnerable organ wheref Trms; for months this population is maintained locally in a
infections as well as tumors need to be rapidly and e cientlyfunctional state resembling that of peripheral memory T cells
controlled, yet without too much collateral tissue destive with the same speci city. Notably, local antigen presentatsof
damage, this study was undertaken to establish a new model foritical importance in the recruitment of the e ector cells, whi
studying the characteristics and regulation of the Trm resg® develop into a persistent local memory population, and this was
in the brain. found to be the case whether we looked at adenovector induced
Classically, the interior of the brain has been considened aresponses or those following infection with live virus.
immunologically privileged site, and it is true that until égen
(e.g., in the form of a viral infection) reaches the circalat
system and in this manner may reach and subsequently aCtivaf\ﬂATERIALS AND METHODS
the immune system, adaptive immunity is not e ciently invotte
(18-20), unless locally positioned and primed sentinel celldVlice
react to the presence of cognate antigen. This underpinBemale C57BL/6 (B6, H2P wild-type (WT) mice and MHC
the fragility of the immune surveillance of the CNS, andclass Il knock out (KO) mice on B6 background were obtained
prior seeding of antigen primed T cells is therefore of keyfrom Taconic Farms (Ry, Denmark). IFN-and IFN-g receptor
importance in initiating a potent in ammatory response that (IFN-gR) KO mice were the progeny of breeder pairs originally
may rapidly control a nascent infection. On the other hand,obtained from the Jackson Laboratory (Bar Harbor, Maine, YSA
if the recognized antigen is expressed by our own cells, the All mice used in this study were 6-12 weeks old when
same e cient detection mechanism may trigger an autoimmuneexperiments were started and they were housed in individually
reaction with dire consequences for the well-being of thetho ventilated cages under specic pathogen free conditions at
The latter is what is believed to occur in patients with acutehe ALAAC accredited animal facility at the Panum Institute
demyelinating encephalomyelitis or multiple sclerosis (MS)(Copenhagen, Denmark). Mice coming from outside sources
While it is obvious that understanding how to induce thewere allowed to rest for at least 1 week before entering
appropriate local immunity is of critical importance in context an experiment.
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Recombinant Adenoviral Vectors and the cells were resuspended in FACS medium (PBS, 1% BSA,

Vaccination 0.1% NN3).

El-deleted E3 inactivated, human serotype 5 recombinant . . .

adenoviral (Ad5) vectors encoding the gene for the glycagirot IS0lation of Cerebrospinal Fluid (CSF)

(GP) of lymphocytic choriomeningitis virus (LCMV)(AdIi-GP) The mice were deeply anesthetized and exsanguinated from the
or ovalbumin (OVA)(Adli-Ova) tethered to the murine MHC axilla. Then the skin was lifted from the head, and pulled fargv
class ll-associated invariant chain (li) were used for iciion of ~ until the eyes were visible. Following gentle removal of the
antigen-speci ¢ T cell responses as was Ad5 vectors expressiAgerlying muscles, the dura mater of the cisterna magna appeared
either the nucleoprotein (NP) or the RNA catalytic subunit PB1at the base of the skull as a clear triangle and through heeegth

of in uenza virus [Ad-NP(inf) and Ad-PB1, respectively]. The Was access to the fourth ventricle and the CSF. By making a
construction of these vectors has been described previoBsly ( small slit in the dura mater, the CSF could be collected using a
27). An Ad5 vector encoding the gene for murine IFd\was used ~ capillary tube that was gently placed against the hole. In lihea

to initiate non-speci ¢ in ammation; this vector has previsly ~Mouse, up to 1L of CSF may be collected, while lesser volumes
been described in Kolls et a§) and was kindly provided to Of CSF can be obtained from clinically a ected mic) Any

us by Trevor Owns (SDU, Denmarkp$). Adenoviral vectors CSF visibly contaminated by blood was discarded. A Birker-
were produced and quanti ed as previously describ2g(The Turk counting chamber was used to enumerate the cells in the
appropriate vaccine solutions were prepared by diluting thé&ollected CSF.

adenoviral vaccine stocks in phosphate-bu ered saline (PBS')__. . .

Prior to vaccination mice were deeply sedated with iso owran FIOW Cytometric Analysis

and mice were injected intracranially (i.c.) and/or sukangtously ~Following preparation of single cell suspensions, approximately

(s.c) in the right footpad with 3@L containing2 10 pfuofthe 2-5 10 cells from the brain samples or 2 1° spleenocytes
adenoviral constructs. were transferred to wells of U-buttomed 96-well microtiteatas.

For surface staining, the cells were incubated for 20 mirC(4

. . . . in the dark) with 50m FACS medium (PBS, 1% BSA, 0.1%
Infection With Live Virus (LCMV) diluted i NaN3) containing 10mL relevant uorochome labeled tetramers
LCMV Armstrorf1g@53;B (LCMV Arm) was |ute_ in PBS tola (30, 31); these were kindly provided by S Buus and A Stryhn
concentration of 10pfu/300mL and administered intravenously ;s institute) (34). Additionally the cells were incubated for

(i.v.) for systemic infection; mice_infected in this manrr_eise a  50min (4C, in the dark) with 50mL brilliant violet staining
very potent T-cell response dominated by CDB cells directed bu er (Biolegend) containing conjugated antibodies (1:L66r

agai_nst the GP and NP of LCMV_and rapidly_ recover floMipe relevant cell-surface markers and unconjugated CDA6/3
the infection B0, 31). In some experiments previously infected to prevent unspecic binding. For many of the phenotypic

rmice were challenged i.c. using a _dose"o? “’F“ in 30 mL; analyses, the pattern for two di erent antigen speci ¢ subsets
Fh|s _mvanably causes I(_ethal d|s§ase In nalve mice, butqusly was evaluated; only subtle di erences were noted. Cells to be
V. |nfegted mice survive the |pfect!on. Viral SIOCk, as e stained for intracellular Granzyme B, Bcl-2 or Ki-67 expressio
organ virus Ieve!s were determined in a focus-forming assay were permeabilized and stained according to the FoxP3 siginin
previously describedsg). protocol from BD Biosciences. After incubation, the cells aver
washed twice in wash media (PBS with 0.19%B), resuspended
Single Cell Preparation in PBS and stored at € until ow cytometric analysis later the
Prior to the procedure of aseptically removing the brainsame day.
and spleen, mice were deeply anesthetized by intraperitoneal
(i.p) injection of avertin (2,2,2 tribromoethanol in 2-meth2-  Intracellular Cytokine Staining
butanol, 250 mg/kg). Spleens were removed and transferred feor evaluation of the intracellular cytokine production, sellere
Hanks Balanced Salt Solution (HBSS). Single cell suspewsi®n incubated for 5 h (37C, 5% CQ) in 200mL cell culture medium
prepared by mincing the spleens through a MO+ nylon cell  containing 50 IU/mL of IL-2 and 3nM monensin in the presence
strainer followed by centrifugation and wash in HBSS twice.  of 1mg/mL of the relevant peptides, LCMV G® 41 0r GPy76 286
Brains were aseptically removed after intracardial perfusio(30, 31). Control samples did not receive any peptide or were
with 20 mL PBS. Brains were transferred to 13 mL RPMI 164thcubated in the presence of the irrelevant peptide u 4§
[containing 1% L-glutamin, 1% penicillin, 1% streptomycifp 1 (27). Following incubation, the cells were centrifuged (2,000
2-mercaptoethanol (2-ME) and 10% fetal calf serum (FBS)Bmin), washed with FACS bu er with monensin (PBS containing
Single cell suspension was obtained by pressing the braii% BSA, 0.1% NaN3 andn®1 monensin) and incubated
through a 70Am nylon cell strainer. The single cell suspensionfor 20 min (4 C, dark) with 50mL FACS/Monensin medium
was subsequently centrifuged at 400g for 10 min &.4The containing the relevant surface antibodies ( nal dilutidn100).
remaining pellet was vortexed and lymphocytes were separat€tlls were then washed twice with PBS/monensin mediumi\(3
on a 37% Percoll gradient during 20 min centrifugation al®§, monensin in PBS) and xated in 200L 2% paraformaldehyde
20 C. After aspiration of the supernatant, the remaining pellet(PFA) for 15min (4C, dark). Subsequently, cells were washed
was vortexed and washed twice in RPMI 1640 followed bwith FACS/monensin medium and incubated for 10 min (20
one additional Itration through a 70am cell strainer. Finally dark) with 200 mL Saponin medium (PBS containing 0,5%
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Saponin). Next, the cells were incubated for 20 minG4dark) 10 min prior to brain and spleen extractiori{); the recovered
with 50mL Saponin medium containing the relevant intracellularcells from both groups were subsequently analyzed by ow
antibodies (1:100). The cells were subsequently washeelitit  cytometry. Less than 0.2 percent of the cells harvested fran th
Saponin medium and nally resuspended in PBS and stored dirain were labeled by anti-CD8b injection. In contrast, imet
4 C until ow cytrometry analysis the same day. spleens of the same mice two distinct populations di ering in
Cell samples were analyzed using a FACS LSR IllHabeling status were note&igure 1Q): labeled cells representing
or Fortessa cytometer (BD Biosciences) and the data wecells from the red pulp and unlabeled cells representing white
analyzed using FlowJo software version 10 (TreeStar); spelp lymphocytes11). Together these ndings validated tlie

Supplementary Figure Tor gating strategy. vivo labeling protocol and veri ed that CO8 T cells harvested
. . from the brain were tissue in Itrating CD8 T cells.
Antibodies Previous studies of Trms in the lungs induced by application

The following uorochrome-conjugated monoclonal Abs wereof similar adenovectors have revealed that local infection
used for ow cytometry. Surface staining-CD8, a-CD11b, combined with additional peripheral priming resulted in
a-CD45.2, a-CD44, a-CD103, a-CD69, a-CD49a, a-CD127, increased recruitment to the infected lung/). For that reason,
a-KLRG1, a-CD4, and a-CD107a. For intracellular cytokine we wanted to investigate if this was also true for the recraitin
staining we useda-IFN-g, a-IL-2, and a-TNF. Staining for to the brain. Consequently, four groups of mice were vaceidat
intracellular molecular markers involved:Granzyme Ba-Bcl-  either with Adli-GP i.c., in the f.p., combined i.c. and f.p. or
2, anda-Ki-67. All antibodies were purchased from Biolegendwith PBS i.c. as a control. At day 12 p.v. brains were harvested
eBioscience or BD Bioscience as anti-mouse antibodies. and the cellular in Itrate was analyzed by ow cytometry. We
.. . found that systemic immunization alone, as induced by the
Statistical Evaluat'on ) peripheral priming (AdIi-GP f.p.), did not result in demonstrabl
GraphPad Prism software (version 7) was used for thescritment of antigen specic COB T cells beyond the
statistical an_alyses. Qua_ntltatlve results were compassdgu background in PBS inoculated micBypplementary Figure 2
nonparametric Mann-WhitneyU-test and ap-value of<0.05 |, contrast, when antigen was presented locally (Ad|i-GPard
was considered evidence of statistically signi cantdiece and  aqji.GP i.c.C f.p.) a robust CD§ as well as antigen speci ¢
visualized by a. CD& T cell recruitment was observed. However, additional
peripheral priming (f.p.) did not result in a signi cantly incesed
RESULTS recruitment of antigen specic cells to the CNS compared to

Induction of Antigen Speci ¢ T-cell Adl-GPL.c. only vaccination.
In Itration in the CNS by Priming With

Non-replicating Adenovectors l.c. Inoculation of Adli-GP Induce
To determine if it was possible to induce a lymphocyte in leat Persistent CD8 © T-cell Memory in the CNS
in the brain by inoculation of non-replicating adenovirus, W Next, we wanted to study the longevity of the cellular in Iteat
mice (B6) were inoculated i.c. with 210’ pfu of an adenovector and phenotype of the recruited CB8T cells. To this end,
expressing the GP of LCMV tethered to the murine li chain forC57BL/6 mice were inoculated i.c. with 210’ pfu AdIi-GP and
improved immunogenicity (Adli-GP). Controls were inoculated brains were extracted at day 7, 12, 20, 40, 90, and 120 p.v and
with PBS to control for non-speci ¢ background in Itration analyzed by ow cytometry. We found the recruited population
of the brain induced by the mechanical trauma. Brains weref CD&® T cells to be maintained until at least day 120 p.v., and
extracted on day 12 p.v, which is known to represent the peastnalysis of their speci city revealed the presence of a permanen
in the e ector response induced with this vectot5). As seen subset of antigen (H-2Drestricted GR3 41) specic CD& T
in Figure 1A, AdIi-GP inoculation resulted in a robust cell cells in CNS for the entire observation periokigure 1D). To
in Itrate in the brain of which about 80% appeared to representevaluate the composition of the recruited cells, we studied the
lymphocytes; for comparison in the CNS of PBS injected micdptal pool of antigen speci c cells by additional analysis of H-
lymphocytes made up only 27% of the recovered cells. When v&DP restricted GB7g 2s¢-and H-2KP restricted GRy 41 tetramer
analyzed the composition of the recruited lymphocytes, wadbu positive CD§ T cells at day 12, 20 and 40 p.v. We found
a clear dominance of CI38 T cells, thus CD8 and CD4 T  the total number of these antigen speci c cells to account for
cells were found to account for about 60 and 30%, respective¥5-50% of the maintained population, with the percentage of
of the cells inside the lymphocyte gatedure 1B). Many of the  GPs3 41 specic cells slightly decreasing over time until day
recruited T lymphocytes were recently activated as indechie 40 p.v Figure 1B. It should be added at this point that we
an increased expression of CD25 relative to matched celts froalso studied the impact of additional peripheral priming on the
the spleen (data not shown). longevity and stability of the CNS in ltrate and failed to ahyse

In order to ascertain that the extracted cells were bona deany signi cant impact (data not shown).
tissue in ltrating CD&" T cells located in the brain parenchyma,  Tissue-resident T cells are often characterized by expressi
and not marginated intravascular CB8T cells, mice were of the surface markers CD69 and CD103.(Therefore, to
vaccinated i.c. with 2 10’ pfu AdIi-GP, and at day 12 p.v, half gain further insight into the nature of these brain in Itratg,
the mice were administered uorochome labeled anti-CD8b i. antigen speci c cells, we investigated the expression of GID6I9
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FIGURE 1 | subset markers(B). (C) Mice were injected i.c. with Adli-GP, and shortly before ceharvesting half the mice were injected i.v. with ourochromeabeled
anti-CD8b (ll1), the other half served as controls (I1). Follogiex vivostaining for cell surface markers, the harvested cells weranalyzed by ow cytometry;
representative dot plots of gated CD§ T cells from brain and spleen from 4 to 5 mice per group in at lest two independent experiments are depicted(C). (D,F) On
the indicated days cells from CNS were harvested, and totalumbers of in Itrating CD& T cells as well as antigen speci c CD§ T cells in CNS were quanti ed(D).
Percent of antigen speci c cells out of total in Itrating CDE& T cells measured using tetramers matching the 3 most dominanGP epitopes; medians of at least 5 mice
are shown (E). Expression of CD69 or CD103 on in Itrating antigen speci ¢ CBC T cells as a function of time after i.c. inoculation; group nmdians and ranges of
groups of at least 5 mice is depicted(F).

CD103 at the previously described time points. As expected, treccordance with the previous ndings, i.c. inoculation oftho
percentage of antigen speci c cells expressing CD69 was higlectors caused signi cant local CB8T cell recruitment to the
from the beginning, while the percentage of antigen speciltsce CNS Figure 2A). However, when analyzing the speci city of the
expressing CD103 was found to increase during the observatigecruited cells Figure 2B), we found that only in the presence
period, reaching a maximum level of expression on 2/3 or more obf the relevant (GEs 41) epitope locally and not merely as a
GPs3 speci c cells Figure 1F. Phenotyping for other typical cell result of adeno-vector induced bystander in ammation, wer
surface markers of tissue resident T cells at several tintego GPs3 speci ¢ CD& T cells recruited to the brain. As a control
(seeSupplementary Figure 3for representative data) revealed for the e ciency of peripheral priming of antigen speci ¢ C18
that the in ltrating memory CD& T cells were CD4%" and T cells, we analyzed the presence ofs&ftramer positive
the majority eventually expressed CD49a (VLA-1). AnalyzingCD8" T cells in the spleenRigure 20). These results veri ed
the expression of KLGR1 and CD127 over time we foundhat the observed di erence in antigen speci c recruitment to
that initially part of the recruited cells expressed KLGR1 andhe brain did not re ect di erences in numbers of systemigall
10% co-expressed KLGR1 and CD127. However, by day p2imed antigen specic T cells. Also it should be noted that
the majority lacked expression of KLGR1, and if anything, thisAd-NP(inf) served as a perfectly e cient signal for recruig
phenotype became even more dominant at later time-pointtlP366 specic cells Supplementary Figure %, underscoring
(Supplementary Figure 3and data not shown). the importance of antigen specicity in T-cell recruitment.
Regarding the mechanisms underlying the long term stabilitysing another irrelevant Ad-vector, Adli-Ova, instead ofl-A
of this population, recruited cells had up-regulated Bcl-2 andNP(inf) for the i.c. inoculation gave matching results, thus
the expression of Ki-67 largely matched that of antigen primedurther underpinning the importance of local cognate antigen
(CD44"9M CDSC T cells in the spleerSupplementary Figure 3  recognition (data not shown).
indicating signi cant homeostatic proliferation. Takengether To further explore the role of unrelated in ammation in
these ndings demonstrate that upon i.c. vaccination with aCD8® T-cell recruitment, we made use of an adenovector
non-replicating adenovector we could induce the formatidrao construct encoding the gene for murine IFiNeausing infected
CD&® T cell in Itrate in the brain. The recruited CD8 T cells cells to produce this proin ammatory cytokine2g). C57BL/6
expressed the classical markers of Trms and were maintainegice were injected with 2 10’ pfu AdM-IFN-g i.c. only
in the brain long-term. Hence, we had established a model fofnegative control) or in combination with peripheral Adli-GP
further investigations of CD®8 tissue-resident memory cells in priming (f.p.). To gauge the response against that associated

the brain. with local antigen expression, another group of mice were
injected with AdIi-GP i.c. Additionally, mice vaccinated lgn

. . . background in Itration. We found that while AdM-IFNg did
Recruitment of A_ntlgen Speci ¢ CD8 °T induce signi cant CD§ T cell in ltration measurable 12 days
Cells, Up-regulation of CD103 and after i.c. inoculation Figure 3B), the frequency of peripherally
Persistent Memory primed GP33 speci c cells attracted to the brain was signittan

In some, but not all tissues the formation of a Trm populationlower than in the case where antigen was present locally
requires interaction with antigen in the local environmg@s-  (Figure 3Q). Moreover, it was observed that the previously noted
47). Consequently, we wanted to evaluate the relative roles ofp-regulation of CD103 on the GP33 speci ¢ CBF cells only

in ammation and antigen recognition in the formation of a occurred in the context of local GP expression in the brain
CD8&° T-cell inltrate in the CNS. For that purpose C57BL/6 (Figures 3A,Q. Probably associated to this, the in Itration of
mice were injected with 2 10’ pfu AdIi-GP in the foot pad GP33 speci ¢ cells induced by proin ammatory cytokine wasles
(f.p.). This was combined with i.c. inoculation of either tt@me stable over time compared to when antigen was present locally
vector or an adenovector expressing an irrelevant epitope, th&igures 3A,D.

NP366 from in uenza nucleoprotein [Ad-NP(inf)]. For control, To ascertain that the limited in ammation driven by the IFN-
groups of mice were given only Ad-NP(inf) i.c. or PBS i.c.g producing vector primarily re ected the action of the cytokine
combined with a f.p. priming of 2 10’ pfu Adli-GP. Brains C57BL/6 and IFNgR KO mice were similarly vaccinated with 2
and spleens of all the mice were harvested on day 12 p.v. and10’ pfu Adli-GP in the f.p. combined with an i.c. vaccination
analyzed for the total number of recruited CBJ cells and for  with either AdM-IFN-g or PBS. WT mice vaccinated i.c. with
the presence of G speci c CDE T cells using tetramers. In Adli-GP were included as a positive control. When the cell
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FIGURE 2 | Importance of local antigen recognition for substantial aaemulation of antigen speci ¢ CD& T cells in CNS. Groups of mice were injected both i.c. and
f.p. ori.c. only with relevant (AdIi-GP) or irrelevant [Adfinf)] adenovectors or PBS as indicated. Twelve days latéstal numbers of in Itrating co&e T cells(A) as
well as numbers of antigen speci ¢ CD& T cells in CNS(B) were enumerated. Numbers of matching antigen speci ¢ CD§ T cells in spleen of the same animals has
been included for comparison(C). Symbols represent individual mice. Vertical bars represg group medians. Similar results were obtained in a second>@eriment
using another irrelevant vector.

in Itrate was compared on day 12 p.v., we found signi cantly (42). In conclusion, our data show that IFiyis not pivotal in the
fewer antigen specic CD8 T cells recruited to the brain context of antigen driven CO8T-cell accumulation in the brain;
of IFN-gR KO mice Figure 3B. Together the above ndings this is in full accordance with what we have previously obsdrv
emphasize, that while IFN-alone do not cause the same level ofwith regard to acute virus-induced meningitis3).
speci ¢ CDE T cell recruitment as observed in the presence of
i?gglernéclrlijli\:r%g;\evertheless, a potential inducer of signi CantCD4C.T-CE|| HeIp |$ Not Rquired for

The above nding raised the question as to which role IFN-ReCruitment of Antigen Speci c CD8
g play in the antigen driven cell accumulation. To test this,Cells to the CNS
C57BL/6 and IFNgR KO mice were similarly inoculated with Con icting results have been obtained regarding the role of
2 10 pfu AdIi-GP i.c. When the magnitude of local C68 CD4° T cells in the generation and maintenance of DBrms
T-cell in ltration was analyzed 12 days later, we foundlditt (39 40, 44-47). We therefore wondered what role, if any, do
or no impairment regarding CNS in Itration in IFNgR KO  CDA4° T cells play in the recruitment and maintenance of antigen
mice, and similar results were obtained in IRNKO mice specic CDE T cells under the conditions of our model. To
(Supplementary Figure §. Relative to wild type mice, we did examine the relevance of CBAT cells, MHC-II KO mice and
nd a slight shift in the composition of antigen speci c cellstv ~ C57BL/6 mice were vaccinated with 2 10’ pfu AdIi-GP i.c.
regard to epitope speci city. However, this is not surprisingagi  and 12 and 40 days p.v. brains and spleens were extracted and
the importance of this cytokine in regulating immunodominza  analyzed for the presence of antigen speci c €DBcells. The

€T
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FIGURE 3 | Role of local in ammation in the accumulation of antigen speicc CD8C T cells in CNS. Groups of wild type mice were injected i.c. andr f.p. with
adenovectors (AdIli-GP or an IFNg producing vector, AdM-IFNg) or PBS as indicated. Twelve andfty days later in Itrating CD& T cells were harvested.(A)
Representative dot plots of gated CD§ T cells. (B,C) Total numbers of in Itrating CD& T cells (B) as well as numbers of antigen speci ¢ CD& T cells

(Continued)
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FIGURE 3 | (C)in the CNS on day 12 after i.c. inoculation(D) Forty days after i.c. inoculation mice of the only two groupsvith signi cant antigen speci c T-cell

in Itration on day 12 were analyzed and antigen speci ¢ CD§ were enumerated.(E) Groups of wild type (WT) and IFNg receptor de cient (IFNgR) mice were
inoculated as indicated and in ltrating antigen speci c CD& T cells were enumerated 12 days later. Symbols represent irididual mice. Vertical bars represent group
medians. Results have been pooled from two experiments.P< 0.05.

number of antigen specic CO8 T cells found in the spleen the brain were analyzed and compared in terms of their
in both groups of mice was then compared with the numberfunctional capacity. Unstimulated samples were included as
extracted from the brain. In this context it should be addédtt controls, and <0.2% of the cells co-expressed IgNand
we have previously found that the CBT cell response induced CD107a Figures 5C,[). However, in response t@x vivo
by our invariant chain associated antigen is virtually ipdadent  peptide stimulation, it was found that both in the e ector and
of CD4® T cell help @5, 26). Thus, the impact of CD% T cells  memory population from CNS, at least 25% of CD& cells
on the recruitment and local maintenance of CB cells could responded by co-expression of CD107a and intracellular ¢FN-
be directly evaluated. (Figures 5C,D. Except for a lower frequency of reactive cells in
The results clearly showed that the initial recruitment ofthe circulation, the response in splenocytes followed th&N6
antigen speci ¢ CD8 T cells to the brain was similar in MHC- derived cells. Thus, despite low levels of preformed Gran&me
Il KO and wild type mice Figure 4). However, on day 40 p.v., both degranulation and cytokine production could be actiate
slightly fewer CD8 T cells were present in the CNS of the in late resident cells. This is similar to the situation foripaeral
KO mice and the same trend was seen in the periphery. Thusjemory cells 49), and indicates that the CI8T cells in the
help do not seem to play a pivotal role in the recruitment ofbrain represent a fully functional CI38T-cell population both
adenovector induced CI98T cells, while the maintenace of this at the early e ector phase and later in the memory phase.
population in both spleen and CNS was slightly impaired in  Previous studies on the functional capacity of the C103
the absence of CI34 T cells—as previously documente@6(. and CD103 tissue resident CO8T cells have shown diverging
However, consistent with earlier reports regarding lung rm results depending on the tissue of origif, (L2, 14, 47, 50, 51).
(45), we nd thatin CD4C T cell de cient mice relatively fewer of It was therefore of interest to analyze whether any funaiion
the recruited CD8§ T cells express CD103, resulting in a minordi erences exist between these two populations extracted from
shift in the balance between accumulated C1@8d CD103  the brain parenchyma of adenovector inoculated mice. To do
antigen speci c CD8 T cells (data not shown). Please also noteso, we analyzed the production of IL-2, TNE-and IFN-
that in the memory phase (day 40 p.v.), more antigen speci @ in response to short ternex vivo peptide (GR3 41 and
memory T cells are recovered from the CNS than the spleeiGP76 286 Stimulation 12 days after vaccination with 2
underscoring that the Trm population contract to a lesser éegr 10° pfu Adli-GP i.c. While the magnitude of the response
than the peripheral memory CB8T-cell population. observed following stimulation with GRgs 286 was lower
compared to GB3 41, no signi cant di erence in the ability

Persisting Memory CD8 C T Cells Are of CD10% and CD103 CDS8® T cells to produce cytokines
ex vivowas observed for either of the T-cell speci cities tested

Functionally Competent (Supplementary Figure J.
Tissue-resident cells found in the brain parenchyma haveabee

found to respond to lymphocytic choriomeningetis (LCMV) ,,. . . . ) .
challenge by perforin and Granzyme B mediated Killirng))( Minimal Accumulation of Virus-Speci ¢

On that note, we examined the content of Granzyme B in ihCD8C T Cells in the CNS Following
cytotoxic granules of the recruited CB8F cells by intracellular  Systemic Viral Infection
staining for Granzyme B. This was done at day 12 and 40 aftén the previous experiments, using a non-lethal model for direc
vaccination with 2 10’ pfu AdIi-GP i.c. As LCMV is known viral infection of the CNS we have demonstrated that local
to elicit a very e cient cytotoxic CD§ T cell response4d), antigen presentation is essential to the formation of a potent
splenocytes from a mouse infected with this virus 7 days earlidocal Trm response. However, in most cases viral infections
were used as a positive control to set the cut-o for Granzymeeach the CNS following previous systemic infection. Here the
B positive and negative cells. The data show that at day 12 pasituation might be dierent from that studied above given
around half (45-50%) of the in Itrating (at this time mainly the extended presence of proin ammatory cytokines and a
e ector) CD&" T cells were positive for this molecule, whereasigh number of antigen specic T cells in the circulation of
the fraction of positive cells had decreased markedly (tauabo systemically infected hosts. Therefore, we wanted to exten
15%) in the memory population day 40 p.¥igures 5A,B. our studies to a situation with potential infection of the CNS
To get further insight into the functional capacity of the subsequent to systemic infection. For that purpose we chose
maintained population of CD8 T cells, we investigated the i.v. infection with LCMV. LCMV is a potentially neurotropic
induced surface exposure of CD107a [an indicator of theirus that causes lethal meningitis when injected i.c. wher
degranulation capacityl@)] as well as intracellular accumulation i.v. inoculation is considered not to result in CNS infection
of IFN-g following short term ex vivo peptide stimulation. (33, 52. We con rmed that i.v. infection with 16 PFU of
Both splenic CD8 T cells and CD8 T cells extracted from LCMV Arm does not results in detectable infection of the
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FIGURE 4 | CcD4C T-cell help is redundant for establishment of antigen spead cD8C T-cell memory in the CNS. Groups of wild type (WT) and MHC cladl de cient
(MHC 1l KO) mice were injected i.c. with adenovector. Twelvend forty days later antigen speci c CD& T cells in CNS and spleen were enumerated using tetramers.
Symbols represent individual mice. Columns represent grqumedians. Results have been pooled from two independent exgriments. < 0.05.

CNS & 200 pfu/gm organ), however, when we monitored theshown). Analysis of their speci city revealed that CD8 cells
CSF for leukocyte in ltration, we found clear evidence ofdirected toward two major epitopes of LCMV together accounted
meningeal in ammation as evidenced by low, but signi cantfor around 20—25% of the CI38T cells present. However, unlike
leukocyte in Itration compared to uninfected controls 8 day the cells found following deliberate i.c. infection (cf. poas
after virus inoculation $upplementary Figure § The cell results), only around half the cells were CI56and very few
accumulation was delayed compared to that associated withD10% (Figure 6B). This could suggest that a large proportion
classical LCMV induced CNS infection following i.c. infectio of the recovered cells were not Trms, but circulating e ector
and cell numbers were also much lower (peaking around@l 10memory cells non-speci cally in Itrating the CNS parenchyma
vs. 10 cellsir, for i.v. and i.c. inoculated mice on days 8on the basis of their high numbers in these recently infected
and 6 post infection, respectively)3[) and Fonnes et al., mice. Most likely these cells did not receive the local cuesee¢
unpublished data]. for Trm di erentiation, particularly antigen interaction (c our
Based on our previous ndings we hypothesized that this lowearlier ndings).
grade in ammation could be a consequence of proin ammatory

cytokines in the circulation, in particular IFN= However, this . . .
was not the case as matching results were obtained ingFN-TranS"_:lnt Local Antigen Expression

KO mice. Thus, like it may also be observed in human patients>Uf ces for Establishment of Persistent

systemic viral infection could lead to low-grade meningeaCD8C T-cell Memory in the CNS

in ltration without overt local infection, raising the quation if  These observations presented provided a strong case for
this su ced for subsequent parenchymal in Itration eventila  the importance of local antigen presentation also following
leading to prolonged virus speci ¢ C[58T-cell memory in the infection with live virus. To test this further, we modi ed
CNS. To test this i.v. infected mice were sacri ced 20 and 40ur LCMV model, since only mice immunized beforehand can
days post infection, and their brains were analyzed followingurvive an i.c. infection with LCMV and thus generate local
the same protocol as described previously. Low, but stalstic memory CD& T cells in the brain. Therefore, we proceeded
signi cant increased numbers of CI58T cells were recovered by infecting mice i.v. followed by an otherwise lethal i.c.
from the CNS Figure 6A). Notably, when applyingn vivo infection (1& pfu) either 7 or 30 days later. In these cases the
labeling with uorochrome conjugated anti-CD8 antibody to accelerated immune response prevented a lethal outcome. CNS
discriminate marginated intravascular cells fromin Itmag cells, in Itration was analyzed 3 weeks later when the mice had fully
we found that most of the recovered cells were not labelei/o  recovered from the clinical disease nevertheless asseiétte

and thus could be considered bona de in Itrating cells (datot  the i.c. challenge.
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FIGURE 5 | Functionality of CNS in Itrating memory CD& T cells early and late after priming. Groups of 4-5 mice werajected i.c. with Adli-GP. Twelve and forty

days later CNS in ltrating cells were harvested(A,B) Total CDE& T cells as well as antigen speci ¢ CcD§ T cells were analyzed for expression of Granzyme B. Day 7]

primed CD8C T cells from an LCMV infected mouse have been included to sehe cut-off for expression of Granzyme B. Representative pte (A) and percentage of
(Continued)
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FIGURE 5 | Granzyme B positive cells in individual micéB). Symbols represent individual mice. Columns represent gigp medians. Similar results were obtained in a
second experiment.(C,D) Alternatively, both CNS in Itrating cells and splenocytes ere harvested and stimulatedex vivowith relevant peptide in the presence of
anti-CD107a. Following incubation, cells were surface staed, permeabilized and stained for intracellular IFiy- Representative plots(C) and percentage of
degranulating (CD1075;) IFNgC cells in individual mice(D). Similar results were obtained in a second experimentP< 0.05.

FIGURE 6 | Limited CDE& Tcell memory in CNS of mice with systemic viral infection. Me were injected i.v. with 1¢ pfu LCMV Arm or PBS and on the indicated
days after inoculation, in Itrating cells from the CNS were &rvested and enumerated.(A) Numbers of antigen speci c CDSC T cells targeting two major viral epitopes.
Symbols represent individual mice. Vertical bars represémgroup medians. (B) Representative dot plots of total in ltrating CD§ T cells as well antigen speci c cp&
T cells; the phenotype of gated cells are depicted with regakto expression of CD69 and CD103. Results have been pooled ém two independent experiments.
*P<0.05.

Following i.c. rechallenge, we found more virus-specic Finally, to evaluate seperately the importance of local
CDE& T cells in the CNS, particularly NP396 speci ¢ cells—in ammatory cues in establishing persisting CB8T-cell
as expected for a secondary LCMV respons&)[@nd own memory in the CNS following a systemic viral infection, mice
unpublished observation]—and in the group (group B) withwere infected with LCMV iv. and 30 days later injected
the most severe clinical course (Supplementary Figure®.  i.c. with either AdM-IFNg, an adenovector encoding an
Perhaps more important, the increased in ltration was asated  unrelated antigen or PBS; as positive controls immunized mice
with increased generation of bona de (CD%@D10%) Trmsin  were challenged with £0pfu LCMV i.c. as above. Three
the CNS Figure 7). Again the extracted cells were not labeled byweeks after the i.c. inoculation the CNS was analyzed for
i.v. injection of uorochome labeled anti-CD8b (data notmlkin).  presence of inltrating cells. While AdM-IFNy did cause
Similar results were obtained in mice analyzed 7 weeks ifter some CNS in ltration of antigen specic CO8 T cells
challenge $upplementary Figure 1D Since LCMV challenge in (Figure 8A), none of the adenovectors induced a substantial
contrast to adenovector inoculation causes only transéeiigen ~ population of LCMV specic CD68CD103% Trms. For
presentation, these results indicate that local antigeeradtion comparison, mice infected i.c. with LCMV had high numbers
is required for establishment, but not maintenance of Iocakll  of these cells in the CNS-igure 8B— as previously observed
memory in the CNS. cf. Figure 7).

To exclude the possibility that the formation of Trms in
CNS was merely a re ection of immunological restimulation
and not presentation of viral antigen in CNS, some mice wer<PISCUSSIOI\I

reinfected i.p. instead of i.c. In this case we did not nd, ys stydy we have described and employed a new model
any increase in CNS in ltrating cells relative to backgroun gy qtem for studies of T-cell mediated immune surveillante o
(Supplementary Figure 11 CNS. Here we nd that i.c. inoculation of non-replicating
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FIGURE 7 | Local re-challenge induces accumulation of antigen speci €D8C T cells in CNS. Mice were primed by i.v. injection of 1Dpfu LCMV Arm and
challenged i.c. 7 (group A) or 30 (group B) days later with fOpfu of the same virus. Three weeks after i.c. challenge (thdinical impact of the challenge is depicted in
(Supplementary Figure 7 ), CNS in Itrating cells were harvested and analyzedA) Representative dot plots of gated antigen speci ¢ cD¥ T cells. (B) Numbers of
antigen speci ¢ CD8C T cells recovered from CNS(C) Numbers of CD69°CD103C antigen speci ¢ CD8C T cells recovered from CNS. Mice infected only i.v. have
been included for comparison, these are the same as ifrigure 6 . Symbols represent individual mice. Vertical bars represg group medians. Results have been

pooled from two independent experiments. P<0.05.
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FIGURE 8 | In ammation without local antigen encounter induces limitecaccumulation of antigen speci ¢ CD& T cells in CNS. Mice were primed by i.v. injection of
104 pfu LCMV Arm. Thirty days later mice were inoculated i.c. asidicated. After further three weeks, remaining CNS in Itramg cells were harvested and total antigen
speci ¢ (A) as well as antigen speci c cD6% CcD103€ CcDsC T cells (B) were enumerated. Symbols represent individual mice. Vectl bars represent group medians.
Results have been pooled from two independent experimentsiP< 0.05.

adenovectors may be used to induce a substantial CNSitidina i.c. inoculation a large proportion of the recruited cells typed
dominated by CD8 T cells. Although the question of the origin as memory precursor e ector cells (MPEC) as determined by
of the recruited antigen speci c cells was not directly added  expression of CD127, but not KLRG-1.Whether the minority
in this study, previous studies on viral infections of the CihN&e  population of KLGRE cells present at this time die, migrate out
documented that these cells most likely were rst activaited or down-regulate the expression of KLGR1, we cannot say, but
the secondary lymphoid organs such as the deep cervical lymgtiready by day 12 (data not shown) virtually no local €DBcells
nodes and spleen as a result of over ow of the virus inoculumexpress this marker. Development from KLRGdrecursors has
(volume 30nL) into the circulation £3-56). Following local previously been described for skin Trnis3|. Nevertheless, more

di erentiation, large numbers of the generated antigen speci CD8C T cells from CNS than in the spleen expressed moderately
CDE& T cells were then released into the circulation and fromreduced levels of CD127 compared to the CO1¥7opulation
here attracted to the original site of virus inoculation. Mo$the in either place; what this implies is not clear at present. Howeve
recruited cells were CD&4and rapidly became CD69 while it might be relevant to note that Trms persisting in the brairfs o
CD103 was only expressed on few of the early in Itrating €D8 cytomegalovirus infected newborn mice have low expressfon o
T cells. However, with time—either as a result of preferéntiaCD127 £1). Perhaps chronic antigen expression is the common
retention or local dierentiation-, an increasing number of denominator driving the reduction in CD127 expression in bot

in ltrating antigen speci c CD& T cells co-expressed CD69 cases. Similarly, the prolonged increase in expression of7Ki-6
and CD103. Even though neither of these markers are ab$plutecould be a re ection of antigen persistence as we have observed
needed to be expressed on Trm cellg £7), a signi cant subset the same in the lungs of adenoimmunized as compared to
do so in most organs4), including the CNS 14, 47). A large  u immunized animals (Uddback et al., manuscript in prep).
proportion of the in ltrating memory cells also expressed C249 Regarding Bcl-2, we noted an increased expression with time of
another molecule often found on Trms. Already at day 7 aftethis anti-apoptotic molecule as expected following transifitto
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a stable memory populatiorb@). Functionally, about half of the expansion of cells not recognizing local antigen. Howeves, t
earliest recruited cells expressed high levels of Granzyrmédd observation that some antigen specic T cells are nevertheles
expression of this molecule decreased with time, but thes celhttracted by IFNg, but fail to up-regulate expression of the
retained the capacity to rapidly respond to cognate peptide witladhesion molecule CD103 and that this is associated with les
degranulation and production of cytokines, in particular Ikl stable antigen specic T-cell in ltration, could be taken to
but subsets also produced TNFand IL-2. Thus, unlike some support the interpretation that impaired local cell retention is
reports suggesting that Trms from the brain show functionala key factor. The implications of this observation is thataloc
de cits after dissociation from the tissu&4), our results indicate triggering of the recruited T cells through their TCR, dirlyct
that persisting cells retain the normal functional capatdt or indirectly, play an important role in the formation of a
described for memory COBT cellsex vivo(49). In accordance persistent antigen speci ¢ CI¥8T-cell memory population in
with this view, the analysis of CNS derived memory €DB  the CNS. That this is not simply an artifact of our adenovector
cells completely matched that of memory CD8 cells harvested model system is indicated by the fact that even a highly imenun
from spleen. activating systemic viral infection like LCMV is associateth
CD8® Trm populations di ering in expression of CD103 limited in Itration by antigen specic CD& T cells, most of
have been reported to vary in functionality. However, basedvhich—based on phenotypic analysis—do not transform into
on analysis of the capacity for cytokine production we didbona de Trms unless followed by direct CNS challenge. Even th
not observe any di erences, nor did we nd any di erence in induction of local non-speci ¢ in ammation in the systemitig
Bcl-2 expression (data not shown), which is unlike what hainfected mice (by use of an IFN-producing adenovector or
been reported by Wakim et al. in their study on VSV inducedunrelated antigen interaction) did not lead to formation af
encephalitis {4). The proportion of CD108 antigen specic stable antigen speci c memory T-cell population in the CNS. In
CD&" T cells increased between day 7 and 20 post inoculatiofurther support of a unique role for local antigen recognition
and then stabilized around 75%. Given that adenovectorstend in the CNS, it should be mentioned that we have ourselves
persist for several months at the site of inoculatiéG®«62), this  made similar observations in the context of systemic Zikasi
is an interesting observation, since some studies haveateli infection (Nazarai et al., unpublished observation), anaigts
that persistent antigen impedes CD103 up-regulati@f, 63). on infection with neurotropic coronavirus have pointed to the
Notably, we saw little or no up-regulation of CD103 on antigensame conclusion6{). Indeed, the importance of local antigen
speci c cells recruited in the absence of cognate antigeer@ly has also been documented in other tissues, e.g., skih (
these observations are consistent with the contention the&l Notably, even though cognate antigen recognition is piviial
triggering of the recruited T cells through their TCR, ditigoor  establishment of substantial local memory in CNS, antigeamss
indirectly, plays an important role in regulating the expressof ~ to be redundant in order to sustain T-cell memory, as indezht
this adhesion moleculeL (). by the fact that LCMV infection of previously immunized mice
A main nding of this study is that the recruitment of in which case no virus persists, also results in long-standing
maximal numbers of antigen specic CB8T cells to the antigen specic CD8 T-cell inltration. This is unlike the
CNS critically depends on transient encounter with cognatesituation for lung Trm, which require persistent antigen fong-
antigenin situ, as also suggested by otheig, (41). However, term stability of Trm numbers (Uddback et al., manuscript in
unlike recent results from cytomegalovirus infected miéé&)( prep.), but consistent with ndings from mice with VSV induced
our data reveal that productive infection is not essentialencephalitis{4).
Following antigen recognition part of the in ltrating anten Although this is not meant to be a vaccine study, our results
speci ¢ e ector cells di erentiate locally into CDE9CD103  clearly support the growing notion that local antigen represent
double positive cells, which are stably maintained locadly f a key to establish a focused immune response and durable
several months. It has been found that even naive cells mayotection. This understanding is relevant both in relatitm
enter a number of uninfected/unin amed tissue$4, and strategies regarding prophylactic vaccination as well as @ th
strong systemic infection, lymphopenia-induced proliferatio setting of local tumor immunotherapy, where Trms also have
or repeated immunization seem to drive a broad anatomicabeen found to play a signi cant rolelg, 67). Thus, local antigen
dissemination of T cells/( 39, 65). However, regarding the CNS delivery e.g., in the form of a non-replicating adenovectothet
our results show that the presence of high numbers of activatetumor site, may be of particular value when antigen expression
CD& T cells in the circulation, as found in LCMV infected on the tumor cells themselves is low.
mice (31), do not suce for substantial in ltration by these At rst sight, the critical need for local antigen as a
cells. Similar to the situation in the lung8§), the induction of  precondition for establishing a Trm population in the CNS
unrelated local in ammation, whether by inoculation of anNF  could be taken to represent a immunological conundrum, since
g producing adenovector or by cognate recognition of unrelate it means that only infections which have previously invaded
antigen by neighboring T cells did result in some local celthe CNS will have resulted in formation of stable local T-cell
recruitment, but the accumulation of antigen specic CBE  immunity. While this concept of immunity to repeated attacks
cells was substantially lower and more transient than indase  with the same or closely related pathogens intuitively majoesl
of local cognate antigen recognition. It is not clear fromrou sense in barrier tissues, it is more di cult to see the adwage
results whether this reduced in Itration primarily re ects@efect in the CNS: only survivors of previous neuroinvasive infeas
in actual recruitment of cells or less e cient retention afwdl  will present an improved response, and if you are already able

Frontiers in Immunology | www.frontiersin.org 15 March 2019 | Volume 10 | Article 351



Schgller et al. cD8C Trm Cells in CNS

to survive on the basis of a primary response what then is In conclusion, we have shown that local antigen encounter
critical advantage of an accelerated reactivity? Howawdgct is critical for establishment, but not maintenance of anigen
this argument could be equally applied to all infections, andspeci c CD& T-cell memory population in the CNS, whereas
perhaps simply ameliorating the clinical symptoms of infectionin ammation in the absence of cognate antigen is only assteci
and improving your physical capabilities may be critical forwith limited and transient CD§ T-cell in ltration. Thus,
survival in the real world, where your capacity to avoid apteda our results indicate that CO8 Trms recovered from the
or being able to catch a prey may make more di erence, than th€NS predominantly represent memories of previous immune
outcome of infectiorper se responses to local infections and locally expressed augengi

In addition to the implications for protection against
infectious diseases, we also believe that our ndings dexvaat
in relation to the understanding of autoimmunity in the CNS.
Our results imply that primed circulating autoantigen specic  Experiments were conducted in accordance with national
cells will accumulate in the CNS in signi cant numbers only i Danish guidelines (Amendment # 1306 of November 23,
matching (auto)antigen can be accessed by the in ltratirisc  2007) regarding animal experiments as approved by the
Under homeostatic conditions the initial recruitment is déily  Danish Animal Experiments Inspectorate, Ministry of Justice,
to be limited by the fact that there may not be the activatedoermission number 2015-15-0201-00623.
endothelium in the CNS required for signi cant extravasati
of antigen primed circulating cells. However, in accordanith AUTHOR CONTRIBUTIONS
epidemiological data indicating a role for unrelated infeos
as triggers of MSEg), our results suggest that even unrelatedJC and AT: designed the study; AS, MF, and LN: performed the
CNS inammation may provide access for a few cells withexperiments and analyzed the data; AS, JC, and AT: interpreted
relevant speci city. These may then upon interaction withdbc the data; AS and AT: drafted the manuscript. All authors
antigen presenting cells further feed the in ammatory praces approved the nal version.
and thus the formation of a pathogenic T-cell in ltrate. It is
also implied that, once an autoreactive T-cell in ltrateished FUNDING
in the CNS, many of the recruited cells will be retained as
functional Trms. If this assumption is extrapolated to humans This work was supported by Scleroseforeningen (A31655 and
treatment of MS by targeting of circulating cells and preventi A33255) and the Danish Medical Research Council.
of their local extravasation, would be expected to be mostterec
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