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% % %| The Role of Eomes* T Helper Cells in
Secondary Progressive Multiple Sclerosis

Department of Immunology, National Institute of Neuroscience, NCNP, Kodaira, Japan

Ben Raveney

Introduction

Genome wide-association studies (GWAS) (1-3) have successfully linked genes with the pathogenesis of
autoimmune diseases including multiple sclerosis (MS), the autoimmune disease of the central nervous
system (CNS). Most MS susceptibility genes have key roles in the functions of T helper (Th) cells and
cellular immune responses (4), supporting the importance of research into development, differentiation,
and functions of Th cells in order to identify new targets of therapy for autoimmune diseases. MS is
driven by invasion of autoimmune Th1 and Th17 cells into the CNS (3, 4). An inflammatory cascade trig-
gered by entry of such pathogenic T cells promotes demyelination and axonal changes characteristic of
MS lesions (2, 5, 6). In the early stage, most patients have a ‘relapsing-remitting’ form of MS (RRMS)
with recurrent disabling neurological symptoms. A majority of RRMS patients later develop a chronic
progressive disease without signs of relapses, known as secondary progressive MS (SPMS) (7, 8).
Currently, effective therapeutic agents for SPMS are limited, and there is little understanding of any
autoimmune mechanisms involved in the development of this chronic disease, partly due to the lack of
experimental models. Therefore, generation of such experimental models will be essential for further

development in this field.

NR4AZ2, also known as Nurrl, is an orphan nuclear receptor that is upregulated in CD4* T cells derived
from patients with RRMS (9, 10) and in the animal model of MS, experimental autoimmune encephalo-
myelitis (EAE) (9, 11). We have previously revealed that NR4A2 plays a critical role in the function of
Th17 cells (11), a key Th cell subset in the pathogenesis of MS and EAE. When we generated conditional
knockout (cKO) mice that lacked NR4A2 in Th cells, mice developed only very mild signs of early/acute
EAE, but surprisingly developed an unusual late/chronic EAE disease (12). Subsequently, we found that
inflammatory CNS CD4* T cells during late/chronic EAE strikingly upregulated the transcription factor
Eomesodermin (Eomes) (12). Studies using Eomes knockout mice and Eomes-specific siRNA knock-
down revealed that this transcription factor is critically involved in the development of the late/chronic
stage of EAE induced in NR4A2 cKO mice. This new model of chronic EAE in our NR4A2 cKO mice
exhibits similarities in the clinical picture with SPMS and we found that Eomes* CD4* T cells were
remarkably increased in the peripheral blood and cerebrospinal fluid (CSF) of SPMS patients, compared
with healthy subjects and patients with RRMS (12). Eomes* CD4* T cells derived from rodent EAE and

human MS were found to share some functional properties and these novel Th subsets may act as very
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unusual, directly cytotoxic, Th cells. In this study, we examined the pathogenic role of Eomes* CD4* T
cells in chronic CNS inflammation and further delineated their function and phenotype in patients

with SPMS.

Subjects and Methods

1) Single cell transcritome analysis by a Fluidigm system to characterize pathogenic pathways and sig-
nalling molecules associated with Eomes* T helper cells in mice with chronic autoimmune disease.

2) Peripheral blood mononuclear cell (PBMC) samples from a cohort of 10 SPMS patients, 10 healthy
controls and 5 RRMS patients were examined using panel flow cytometry antibodies to identify sur-
face molecule phenotypes associated with Eomes* T helper cells in SPMS patient blood.

3) Elispot analysis of granzyme B production by populations of human CD4* T cells separated by mag-

netic cell sorting using a MACS express system.

Results

1) Single cell analysis comparing CNS-infiltrating Th cells during chronic EAE in control mice and in
mice lacking Eomes has revealed a pattern of gene expression that is associated with Eomes-
expressing Th cells.

2) We have identified a distinctive surface phenotype of chemokine receptors expressed by Eomes* Th
cells in SPMS patients.

3) A method of measuring a functional response of eomes* T cells was established, by assessing the fre-
quency of human peripheral blood CD4* T cells that produce granzyme B, a molecule that we previ-
ously linked with pathogenic function in these cells. We have carried out preliminary assays using
this system to test potential small molecule inhibitors of eomes* Th cell function and have selected a

number of potential candidates for further study.

Discussion

Our recent discovery of Eomes* CD4* T cells as pathogenic lymphocytes in chronic CNS inflammation
(12) has major implications in understanding chronic CNS autoimmune inflammation and in designing a
novel effective therapy for SPMS. In this study, we have been able to further investigate these potentially
pathogenic cells in a mouse model of chronic CNS autoimmune disease, yielding new understanding in
the mechanisms by which these cells may generate their deleterious effect. These studies of CNS infil-
trating cells on a single cell level have clarified the heterogeneous populations that inappropriately enter

the CNS and indicated potential markers for examination in human patients with SPMS.

Our characterization of SPMS patient blood samples have indicated that Eomes* Th cells express a par-

ticular chemokine receptor. This molecule is useful as a biomarker allowing rapid identification of the
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subset of SPMS patients with increased Eomes* CD4* T cells as well as enabling the isolation of purified
populations of these cells for future study. It is hoped that further investigation of these markers will
result in a clinical test for patients to determine subjects that might benefit for treatments targeting
Eomes* Th cells. Furthermore, to enable drug discovery of potential therapeutics against Eomes* Th
cells, we have designed and tested an ex vivo assay of Th cells from PBMC to measure the inhibition of
cytotoxic function by Th cells. Future studies will utilize this system in order to develop small molecule

inhibitors of Eomes which could form a new generation of immune treatments for SPMS.

Conclusion

Eomes* Th cells are strongly associated with a subset of patients with SPMS. This study has revealed
novel phenotypic markers that will be essential for isolating these pathogenic T cells and to further
discern their function. The granzyme B assay we have established is effective as a functional readout of
eomes* T cell function and can be used to identify potential therapeutic agents that may be useful in
blocking function of these aberrant Th cells in patients with SPMS. Our new mouse model of chronic
autoimmune CNS inflammation provides an exciting opportunity for research into SPMS and has

revealed Eomes-dependent mechanisms as a novel therapeutic target for treatment of SPMS.

Collaborators

1) Takashi Yamamura, Department of Immunology, National Institute of Neuroscience, NCNP,
Kodaira, Japan
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AR EHREL R L ZORIEHEOTERIZED 2 ACRERT 1T L A L5 o TWiavd, ZOBIRITFERIEY €
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[#&E]

T2 13T HAR NS S LAE (multiple sclerosis, MS) 24— b5 /KA a ¥ — %45 (Copy
number variations, CNVs) »EEBEZHEICKE REEL G52 Tnb 2 2R L7205, O CNVs s
MS D GIEEIREIC5- 2 B EBIIAHTH - 721 ZDRIEICNVs 1Z THINELZ 24K (T cell receptor, TCR)
a7 5 TCROSDBIR W 2AAES 5 TR G E M. TCRy$EME IR 2T 4 14 FHERITH
FELTWRZERS, 52O K TTCR DBIAT- TSR Y 234 LT 2 hB RS R
BDDLEWHIEZ N Tho 2 LT, BIWERTE TV OERK B CHREENER S (experimental
autoimmune encephalomyelitis, EAE) 128\ T, KW TA » % —u A F > (interleukin, IL) -15%°
IL-23 12 & D& 2\ CTIL-1TEAREE 15Ty ZOMBEMEICES- 34 2 EHE SN TS5 A5, MSIZ
B AEEPHHBPA SN TRy sRTHINIZEH L7z,

RBFZETIE, 70 —H 4 b X M) =12 X2 RIEMTANY 7% v Mg & ks —r =12k %
RNAY — 7 LY 2RI & o T, MSIZBIT 2y o BITHIIBRE OB M L. FrdlinmiE L N
A4 ~—D—oOhFEzBIET L2 HIEL T 5,

(5]
B ETEMLAZ 7044 b A M) =12 L 2T CIAEHH 204, MSEE34AEM G & L7z,

[753%]

MR EEE L T B ERIATIT 2 7R Y Y APURBRIEOMS B, B X ORE T IRE Z %k &
L7z MSHEE % B EBHIEK G2 wlEE 4 % —7 21a ¥ (interferon, IFN) p#H5- O 55 1T
720 AMERIRILZ PRECL . FEE RO X0 SRS MEAL M 2 20 U 72 SRAS MEEAL M S, & AEHA
2 & 5 FEPURGM B X Uphorbol 12-myristate 13-acetate & ionomyciniZ & A Hll# = 17 - 72 Ol
WHA M IA VRO EERL, YIVFHT—T70—H% A X M) =TT L7,

[#&R]

TH—=HA AN =2 XD KM EAZREOY 71 v M E TOREERT . KEBMONVs = A
T 5MSHEETIEA Yy SBUTHMIIZ BT 2 VOB ML OEI G A5, fFx IS & L THR L Tz
(47.10 * 23.71% vs. 22.50 + 17.72%, P=0.0067) o 7z, V628 L UVy9IFtky 6B TN b [RIARIZZ
WL TWz—hT, Vo1l BLUVe2DWFI Dy R THILAE I L T 7z, RIHICNVs & #f
72 WMS B E L EFERIRBE O TIX, AELEIRO LN R o7z, /2. Vo2lmtky sMiizicBw
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TIFNy Z AT 2 b ODEIE S L7208 LTz,
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KT CNVs DERALA S y s B THNEY 712 v MR ) 239 5 O TId v & OG22 T BIRE
EFTOEM T Ty TVEIIA 43055 & MS BHIZB W TR IS L I L Ty s B T/ 7
v MIE—EDRY) 5T &a it L7z, RMIMY > 783RICHBIT 2y o B THINE. FFIZVO2Fmik.
Vo2 & Vy 9B L Cwize & 512, Vo2RtEy s B THIKLIZ B\ CIFNy EEAREAME T L ¢
WHIZELREINT NS,

t MREIMIZB VT, pyoBITHIIZIZ ) »/8BRD 0.5-6% FE L HH, V2B X UVy9 ity o F T
JarFa a2 b L ENTnD 2% A5 MSEEOFR T LS MSHE 2B\ Ty SR THl A
HFEAET LI LN TWD, ZORENIAL L Lo T o7z, KT, MSIEEET VO
EAE 2B\, IAICIL-17 A y 6 B THINEASF 20 S LTy A 38— THll 2 5 O IL-17 #EE %
TRAES 52 L6, b N MSHEERREHOMEICBVTL, IL-17% AT 2 CD161 Bty 6 B TR A
LTV ZEPHMESINTED . MSIZBITFHIREMEDITRIZE N TW28, bitbh OS5 ROME T
L ERHIMS B ORI Ty o B T ML O THRIZVo2Vy Ity s I TAIE YA L T . Z2D
EENISBOWET CTHLNE LTV FETH S,
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BUE. 70— A A MY =X BHMIMY /8BRS 72 v MENTIEGR 2 120 0 TV E R L RS
LB T Bo T2 MSEEFEB L MEERNEED yRITHIEE VY =% —ICL D HEEL, 212
NOBIZTHBIOZEZRNA~YA 707 LA ETHN S 2 e 2 L HHRICERBT 2 AR TH S,

T7o. MSEE L. Pl - MR 2 &3 S 7o I ORI 2 5 RNA 2 fili Y L T cDNA % {F L
L. adaptor ligation PCR{EICE D HEIEL 206, it — 7 20 —12X Da. B, y. 6% TCR#E
ZF OV, D, JEEET O/ — 2 2N 2 BEEBET - S T Th 2, 4RI, MSEHER
RY 1M 2 & THIA % 78 L. THIfg s A4S m T3 2 219 & L 7z single cell sequence & 17\, B4l %
FET 52 b HIEL WA,

[#55)
RUHONVs & A5 % MS BTl RE RS & L TR % 2y B THIlF 78 v b EHo &
AR ENIA G bIEBIHE R L CREINC A & 0 2 LED D 5,
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2B 2 MSIRELE 2 RAET 5 Z L DS L LTwad (B Cixtad)
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N EHEHESENT. GeneChip fBHT 2 #ETH TH 5o S 51T, 2ccPA 15 L 7-1 # Ofg#s - Y~ 7 v
EERIL EE AN W ARNENREORT, £ 72N ETOA X — D ¥ TRIT A 4T\ 2ccPA
DD & DFRALNZME T D DIRFTERIT 1T > T b
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My husband Brian and | were fortunate our trip to Tokyo coincided with the Japan MS Society 6th MS
Seminar. JMSS honored us by allowing us to speak before the Japanese MS community about my quest to
become the first person with MS to run 7 marathons on 7 continents in one year, as well as how we handle
living with MS.

| talked about the marathons to date and how | overcome hardships of MS. Cape Town was my first run
and it was delightful. | had no MS issues. However, Buenos Aires was hot and | experienced strong electric
shocks. | was miserable. To improve my mood, | reflected on all the good things in my life. When | did this,
my MS symptoms subsided and | finished happy. The third run was in Honolulu and | knew the heat would
be hard on me. | concentrated on being positive and enjoying the experience. My right leg was very weak,
but | was not ashamed of walking and | made it to the finish line with a smile. The marathon on Antarctica
was quite the opposite of Honolulu as it was freezing cold with a hard rocky running surface. The rocks
were very difficult because | have foot drop and wear an ankle-foot orthotic (AFO). The marathon in Tokyo
was spectacular. There were so many runners, spectators (including JMSS!) and skyscrapers that it kept
my mind occupied. | had bloody chaffing from my AFO and knee pain but, again, focusing on the good
things in life helped me manage the MS problems.

Brian spoke of how he helps me as a care partner. We have both adopted a healthy lifestyle of eating
wholesome nutritious food; we exercise daily; and we always communicate about our feelings and help
each other solve problems. We do these things to have a happy life despite MS.

The attendees seemed to connect with us and may have learned some helpful ideas. We tried to show that
it does not matter where you live in this world, what your level of physical fithess is, or where you are with
disease progression, we are all part of the same community and we need to support each other. | believe
meetings like this help strengthen the MS community, not just through education we learn from the doctors
but also by making personal connections. Together we can beat this disease! Brian and | extend a big thank
you to JMSS for including us in this meeting and for helping all of us living with MS.
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