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Myeloid suppressor cell (MSC) deficiencies in non-obese diabetic (NOD) mice:
a role in type 1 diabetes pathogenesis?
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Isolation of lin-c-kitt hematopoietic progenitor cells (HPCs): Lin- (CD8, CD3, CD4, CDl11a, CD45R, CD11b, Gr-1)-c-kit* cells were isolated
from mononuclear non-adherent cells from pooled femur bone marrow of three-month-old NOD and Balb/c mice as previously described. These

are implicated in profound depression of T-cell functions cells are then cultured during 6 days in DMEM supplemented with 10% FCS, 20 ng/ml GM-CSF, 20 ng/ml SCF and 25 ng/ml TNFa or IFNy
. . . (Eﬂdﬂgﬂﬂ, S]gmﬂ).
observed dlll'll'lg lllfﬁCthllS, tumour gl'OWth and CyP treatment: Female NOD and Balb/c mice were injected i.p. three times at three-day intervals with 80 to 100 mg of CyP/kg or NaCl for
cyclophosphamide (CyP) treatments. MSCs could trigger ”C?;f;’;f“c? . T o o s e o1 e o (v e e o 1 e e i
. . . selecfion: pure + cell populations were selected by incubation o ay-cultured lin~c-Kit™ cells wit super-magnetic
apoptotic death of I-cells and may be involved in the microbeads conjugated with anti-CD11b antibodies (Miltenyi Biotech).
control of T-cell cxpansion, 1In a MHC-unrestricted Proliferation assays: Viable spleen cells from control mice were aliquoted at 2.107 cells/well alone or with 2.105 CD11b+ cells, irradiated or not,
1 P 1 isolated from syngeneic CyP-treated mice, in the presence or absence of stimulus. Stimuli were ConA at 1xg/ml or rhIL-2 at 25UI/ml + anti-
lpanner, thl'Ollgh NO secretion (llldllClble N.() Synﬂ;lase mouse CD3e MoAb at 2ug/ml. Proliferative activities were quantified by incubation with 1xCi/well of 3H-thymidine.
(IN OS) EXPTESSIOH) and/or unknown cellular interactions Nitrite production: NO secretion by iIMACS was assessed by measuring nitrite accumulation in 72-hour-culture supernatants using Griess
with the tal‘geted T-lymphocytes. coloration (Promega). The detection threshold was 2uM.
. : Immunofluorescence labelling and flow cytometric analysis: 6-day-cultured lin-c-kit™ and splenocytes from CyP-treated or control mice were
!f the role of M‘SCS is well dOClll'l;lel'ltEd m unexpected incubated 5 min. at 4°C with FcBlock (BD Biosciences) and labelled with various conjugated-antibodies or isotype controls. Flow cytometric
1Immunosuppressions observed dlll'll'lg tumor gl'OWth or i{ﬂglﬁi ;vas perfﬂr}med 311 fEACSrcfanTIVI using the CgLLfQL}Esth SGf%\aﬁre (ED Bi({E.EiEches)_. FIT()I-intracellular staining detecting iNOS or
= S = -Z were performed aiter surface staining using Cytornx/Cytoperm products 10sc1ences).
some viral or pal'ilSlth ll'leCthllS, Statistical analysis: The statistical significance of differences was evaluated using Mann Whitney’s U-Test or Student’s t-test. p<0.05 was

considered as significant.

The non obese diabetic (NOD) mouse

constitutes a really interesting model for investigating : : : :
MSC role in autoimmunity control, as this mouse III- MSC functionnal recruitment after a CyP treatment in spleen of NOD mice I

displays myeloid cell (particularly macrophage and A s . e L N S
d d .t. ll) b l.t. . l. t d . d. b t B NOD C A NOD ---- I‘jfg!”i’ 3. Ff_ff;:wth ;\()I'} mm_‘ Bnhf}fﬂ mice were
enaritic ce apnormaiities ]mp 1cate mn 1apeLes . 1 - ly = simultaneously injected ip with either CyP or
. = albic Balb/c hysiological saline (control mice) 3 times at 72-hour
pathogenesis. 5 d0- . ph ,
. intervals. Spleen cells were analyzed 3, 6, 9, 14, and 21
The was to characterize the phenotype 5 o 50w days after the end of CyP delivery by flow cytometry in
f MSC . NOD d t . t. t th . .bl 5 307 3 = order to quantify CDI11b+Gr-1+ cells (CD11b-RPE-Cy5
0 S 11 mousec an O 1NVES lga c C1r POSS] C + — [ and Gr-1-PE mAbs, panel A) and CD3 &+ T-cells (CD3 &-
role 1In aufoimmune dlabetes Pathogenesash = 50- % PE mAb, day 21 not dﬁfﬂf‘ﬂﬂf{ﬂd, panel BJ’.“FW‘ both
- e, analyses, treated and control mice were sacrificed at the
C‘i 8 same time. Results are expressed as mean percentages +
S 104 G un sem of CDI1b+Gr-1+ or CD3&+ cells relative to total
“'m spleen cells. Results were obtained from at least three
0- 4 3 a mice from both strain and for each time point in three
Control 3 6 9 14 21 0 : : \ I."". : independent experiments. “Fp<0.05, 1: p<l0-4
RES l \ I I S Days after CyP-treatment 0 20 40 60 80 (CD11b+Gr-1+ cells in spleen of CyP-treated NOD or
_ Balb/c mice versus syngeneic control mice at day 6, 9,
B 60 ~ + £ + cell
l NOD _ Te LDHh_ {Tr'l_ L;E S _ and 14), 2: p<0.03 (CD3 &+ cells in spleen of CyP-treated
m sane | SIX days after the third injection of NOD (day 6 and 9) or Balb/c (day 6, 9 and 14) mice
C}’P, MSC mobilization in SplEEll are I‘FI‘SH;:' r::?_}-‘ﬂgﬂﬂﬂ;(l:ﬂ {:rmm;;! mz’c.{f}:f Pg}:}f; C rffr}rmenf;
. o 4o . . . . correlations of percentages o 3e+ cells anm
I'MSC dlfferentlatlﬂn fl'(]m HPCS m NOD mice = 40- maximal f.ﬂr both Nop and Balb/c m“.:E CDI11b+Gr-1+ cells in spleen of NOD and Balb/c mice.
> but less ‘1mpm.:'tant in NOD than in Spleen cell analyses at day 3, 6, 9, and 14 following the
- Balb/c mice (Flg 3A). MI}I‘ED‘FEI', MSC  third C yP injection were taken into account. 3Rho
GM-CSF + SCF + TNFa E mobilization decreases more rapidly in Spearman = - 0.69 (p<i10-4), 4Rho Spearman = - 0.85
A NOD BALB/C . B wmscs 3 NOD mouse (Fig 3A). (p<10-4).
® a p<0.02 - 20- . |
32% 17.4% 3 \ /) myeloid DCs & The number of CD3e+ T-cells decreases in spleen of Balb/c mice, 6 and 9 days after
zdLi]éa ’ i'ﬂ& £ the last CyP-injection, compared to control syngeneic mice (Fig 3B). While a similar
B £10 decrease is observed at days 6 and 9 for CyP-treated NOD mice, NOD mice recovers
igh: high: = T _ a nearly complete T-cell population, contrary to CyP-treated Balb/c mice, 14 days
ey I 11% 120% © Comiiples = after the end of CyP-treatment (Fig 3B).
b / / Days after CyP-treatment . ] . ) .
8 T e e 0- Noh ~ BALEM” For both mouse strains, recruitment of CD11b+Gr-1+ cells is highly positively correlated with T-cell decrease in spleen
= EM-CSF + SCF + TFN (Fig 3C). However, a similar proportion of CD11b+Gr-1+ cells is associated with a lower CD3¢+ T-cell depletion in CyP-
b Y treated NOD mice compared to CyP-treated Balb/c mice (Fig 3C), strongly suggesting that NOD-MSCs are less effective
790, E 1.6 % 40 p<0.03——= for T-lymphﬂﬂ}’te inhibition.
3 dull: "
I 5-{-}% & L - L L
o g IV- MSC maturation and function in spleen of NOD mice after a CyP treatment
L = 16.6% g _ o
e 3 % of positive cells among splenic CD11b+Gr-1+ As the MSC differentiation defect A B NODsplecn exlls C B NOD CDIIbGr1+
e 0 Markers cells 6 days after CyP-treatment observed In CyP'trEﬂtEd NOD mice | Bl syl mily B Balb/c CDIIb+Gr-1+
r-1 o NOD BALB/C NOD Balb/c Fﬂncerned . exclusively ' the . I_
F' - Purified fin-o-kic* HPCs from NOD and Balblc mt . Gr-1high * 792 +3.0% 917+16%  1IMmMuUNosuppressive Gr-1high cell
igure 1: Purified lin-c-ki s from N and Balb/c mice were cultured with GM-CSF, SCF p— 15+ 1 60 16+ 0.5% . .
and TNFa or IFNy during 6 days. MSCs proportion were then analyzed by flow cytometry. Data e . E:::];{lll?}tflﬂlﬁ (EEE]]EE;) riggiﬂrsg?)rdllﬁotge . _ |
. . - ) ) Ly-G( 4 30+ 1.49 a4+ 3679 - = anti-CD3e : +"' s
aremesns o pi’fﬂi:ﬂfﬂgﬂ:i At . MOMA-2 98.3 £ 1.0% os«10%  MSCSs (Talﬁle 1), l\lI}OD mﬂusg splenic o 5 10 15 20 25 P —
We have previously shown that CD11b+Gr-1+ MSCs secreting NO and able - Foa 080 v0-05«  MSCs,CD11b+Gr-1+ populations from Nitrite accunulation (:M) P S
to inhibit T-cell proliferations, could be derived from lin-cKit+ HPCs from - b wissei  CyP-treated NOD mice might contain a B ] Isatype cuntrol Inhibition % of proliferative activity (P1
bone marrow by culturing them with GM-CSF, SCF and TNFa or IFNy e e vr.0es  smaller number of suppressive cells B NOs* cells
Aok 535+ 1.7% 2.7 £0.6% b

NOD Balh/c

for six days (S. Ferret et al, Inmunol. Letters, 2004). Compared to Balb/c 1 ) .on. than those from CyP-treated Balb/c * -
mice, NOD-HPCs cultured with TNFa are unable to differentiate into e 0= 02% E ice. % y
é
|

MSCs, whereas no difference seem to be observed between myeloid e e e o
CD11b+Gr-1-CD11c+ DC obtained with the same protocol (Fig 1). With ~ Zeblel: Results are expressed as mean % =sem - MISCs are known to inhibit activated T- | S .
IFNy, NOD-HPCs could be derived in MSCs but significantly lesser than in cell proliferations. NOD MSCs do not INOS >

Balb/c (Fig 1). EXhlbl_t a 'dE'fECt mn NO prnductmp, Figure 5: A/ No secretion of CDI11b+ spleen cells from CYP-
secreting similar I]llalltltlES of NO in treated mice assessed by the quantification of nitrite in

response to activated T-cells (Fig SA). supernatants of 48h in vifro culture in presence of activated T-

11-M m ration from HP in D mi : cells. B/ Intracellular expression of iINOS by iMacs. Splenic
SC atu at L L CS NO — MDI'ED‘FEI', no difference was observed CD11b+, recovered 6 days after the last injection of CyP, were

between NOD and Balb/c MSC cuitured in basal condition during 48h. Histogram-plots showed
expression of INOS (Fig 5B). When infracellular iNOS expression by gated CD11b+Gr-1+ cells (gray

GM-CSF + SCF L\'-ﬁc G]."r‘I-ESF+SEF+IFHT GM-CSF + SCF + CD31 [}I#'I-ESF'FSEF‘FIFHT nl . : FRER irrﬂdiﬂtﬂd thESE CEllS dﬂ nﬂt SECFEtE N tE:EH'FESJ. B!ﬂfﬂ' E:H."}"ES: ."pr‘Ef:iEfﬂf rhﬂ' hﬂfkg{'ﬂ””ﬂt Sfﬂfﬁ'fﬂg Hfrhlh
Gr-1dl sybset 100- TNFa ] ] B 10- thea %IFP{E;I g:}a d ld’ ¢ iNOS. I thp isotype confrols. Similar results were obtained in at least two
[ Culturea. wiin —Gi-Col', and cou not expresse 1 - 11 IS other independent experiments. C/Inhibition of syngenic

Functionnal maturatioh
iNOS#
Ly-6C £, €D31

2 vob o | ook and TNFa or IFNy - context, ie in absence of NO, contrary to splenocyte proliferative activity by splenic irradiated CD11b+

alb/c C for six days and stained - i i - cells isolated from CyP-treated mice 6 days after the last CyP
m Balbe CotibtGrrt | 00 oniip. Balb/c-MSCs, irradiated  NOD-MSCs / ) ys af st Cy

=
B

=

i

% Ly-6C positive cells
2
%o CD31 positive cells

= " ik . . injection. The % of inhibition was calculated as followed: 100 -
MHC class IT, CD86 * ’7 RPE-Cy5 ””d_ Gr-1-PE could not l.llhlhlt. effimently activated T- (SI (splenocytes + CDI11b+) / SI (splenocytes) *100). SI:
\/ mAbs. Expression of Ly- cell expansion (Fig 5C). stimulation indices. *, p<0.04, *%, p<0;03
25 25 6C and CD31 by gafed
Gr-1high subset h i CD11b+Gr-1dull and
" A CDIIb+Gr-1high
ir-1dull G r.1high sr-1dull @ p.1high Gr-1dull Gp-1high Gr-1dull Gr.thigh populations was assessed . * 4 . . . .
GrelFIE. Greats Gr-10u" Gr-1i8 veme E1rCcommened . MSC differentiation from NOD HPC is very ineffective and this defect

| | | . mibs. oK ae mainly affectes the Gr-lhigh subset representing the most functional
We have also previously shown that, in Balb/c mice, the majority of CD11b+Gr-1+ MSCs vercentages = sem of IVISC population. In comparison with CyP-treated Balb/c mice, MSCs

express high level of Gr-1 (Gr-1high subset) and the minority expresse low level of Gr-1 ., el : . . o Ay
(Gr-1dull subset). Gr-1high cells are more immunosuppressive than the dull population as E‘t}j}}l};f}r-uﬁfnq m:g' are less recruited In spleen of CyP -treated NOD mice and exhibites a

assessed by their iNos expression (S. Ferret et al, Immunol. Letters, 2004). Beside, most of gﬂf A; :HGP-”H';I“ ﬂ}f;bffﬂfﬁ profound maturation defect regarding their expression of Ly-6C.
i ESULLS were  ooldaine . sy * . . . .
them exhibit a Ly-6C+ phenotype and express lesser CD31, MHC class II and =™ "%, 0 " Moreover, they do not fully inhibit activated T-cell proliferations in

costimulatory molecules which characterize immature myeloid cell precursors. In both ;,icpendent experiments . _ .
culture situations, NOD-HPCs could not differentiate efficiently into MSCs exhibiting a *p<0.05, **p<0.02. absence of NO secretion. MSC from C}FP treated NOD mice are less

suggesting that MSC may be unable to inhibit self-reactive T-cells in
The authors are grateful to Mr C. Chevalier for their kind assistance. This work was supported by a grant from NOD mouse. We are Presenﬂy tEStillg this hYPOthESiS in the CLA4-
"Association de Langue Francaise pour 1'Etude du Diabéte et des Maladies Métaboliques" (Lilly/Roche Diagnostics TCR/INS-HA double transgenic model in collaboration with R.
) LIBLAU (INSERM, Toulouse, France).




