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Isolation of Self Antigen-Reactive Cells from Inflamed Islets of
Nonobese Diabetic Mice Using CDA?" Expression as a
Marker *

Kristina Lejon and C. Garrison Fathman 2

The low precursor frequency of Ag-reactive CD4" T cells has been a barrier to the study of CD4 T cell responses to conventional
Ags as well as CDZ T cell responses to autoantigens recognized during the course of an autoimmune disease. We have recently
reported that all “conventional Ag” reactive CD4* T cells are contained within the subpopulation expressing high levels of the
CD4 molecule, termed CD4'9", We have identified a CD49" population in the islets of Langerhans of prediabetic nonobese
diabetic (NOD) mice that is extremely potent in transferring disease. As few as 500 C8" islet-infiltrating CD4 * T cells
transferred insulin-dependent diabetes mellitus to CD8 reconstituted NOD-SCID mice within 30 days of transfer. In contrast,
CD4"9" T cells isolated from either NOD spleen or salivary glands did not transfer insulin-dependent diabetes mellitus into similar
CD8-reconstituted NOD-SCID recipients. These data indicate that the precursor frequency of NOD islet-reactive, pathogenic
CD4* T cells is much higher in the prediabetic NOD pancreas than in these other organs. The islet-infiltrating CO%" T cells
displayed selected memory markers, by cell surface analysis, and displayed a Th 1 phenotype by RNase protection assay, but had
a marked decrease in IL-4 mRNA determined by quantitative real time PCR when compared with the less pathogenic CB2™
islet-infiltrating T cells. Use of the CD4"9" marker to select Ag activated T cells represents a tool to isolate and study pathogenic
CD4™ T cells from autoimmune lesions in which the Ag has not been previously defined The Journal of Immunology,1999, 163:
5708-5714.

mune disease in which the insulin produci@gells of the  set of T cells. Limiting dilution analysis (LDA) analyses showed

islets of Langerhans are thought to be destroyed by cells ofhat all of the Ag-reactive CD4 T cells could be found within the
the immune system. The nonobese diabetic (NOD) mouse deveED4"" subpopulation. More importantly, for the studies de-
ops IDDM spontaneously, and, due to shared pathophysiology ansccribed below, up-regulation of cell surface expression of CD4 was
markers of disease, is widely used as a model for human IDDMalso demonstrated on CD4T cells sorted directly from the drain-
(1). Diabetes can be transferred with spleen cells from diabeting lymph nodes of Ag-primed mice (17). Using CT¥ as a
NOD mice into young irradiated or immunodeficient NOD recip- marker, it was possible to enrich the Ag-reactive CD#% cell
ients (2—4). Normally 10—2& 1(° spleen cells are transferred to precursor frequency in vivo from1/10,000 to~1/30 T cells (17).
recipients for 100% incidence of disease. Adoptive transfers with Previous studies from our laboratory had demonstrated that T
subsets of lymphoid cells from NOD mice have pointed out a rolecells, isolated from the islets of prediabetic NOD mice, were much
for both CD4" and CD8 T cells in the effector phase of the more efficient in disease transfer into NOD-SCID recipients than
disease (5—11). However, B cells and (other) APCs play a crucialvere spleen cells from the same aged prediabetic NOD mice (18).
role in initiating the disease processes (12-16). Thus, the precursor frequency of islet-reactive CDR cells was

We have recently demonstrated that Ag-reactive CO4cells increased in the islets. Applying CH4" as a marker for recent Ag

(following challenge with conventional Ag) reside in the CI94 activation in the NOD mouse model, we asked whether we could
T cell subpopulation (17). In these studies, following stimulationidentify the autoreactive CD4T cells within the islets. This ap-
in vitro of the draining lymph node cells from immunized animals, proach would allow us to analyze the phenotype of the specific
autoreactive CD4 T cells without any requirement of prior
knowledge of the self-Ag recognized.

I nsulin-dependent diabetes mellitus (IDDM$ an autoim-  there was a marked up-regulation of CD4 on the Ag-reactive sub-
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Caltag. Anti-CD25 FITC, anti-CD69 FITC, anti-CD44 FITC, biotinylated donors was on average 20,000-30,000 U)4cells. The yield from
anti-CD45RB, anti-CD62L biotin, and strepavidin-allophycocyanin (APC) twenty 11-wk-old salivary gland donors was, on average, 5000 cells. Sort-
were all from PharMingen. Propidium iodide (P1) (Sigma) was used at ling CD4"9" from the spleen was done on the top 3%. This more stringent

rg/ml to exclude dead cells. gate was set to ensure the enrichment of C®4cells with a similar CD4
expression level as on the CI¥ cells from the islets.

MiniMACS purification of CD8 cells and reconstitution of The cells were sorted for different levels of CD4 expression on a FAC-

NOD-SCID mice Star (Becton Dickinson, Mountain View, CA). Three- and four-color anal-

. ) . . ysis of surface marker expression was done on a FACScan or FACSVan-
Single cells suspensions of freshly isolated pooled lymph node (inguinalage. All staining and sorting procedures were done aseptically. The data
mesenteric, and paraaortic) and spleen cells from diabetic NOD femalgyere analyzed using the Herzenberg desk facility (Stanford University),
mice were counted and incubated with anti-CD8 magnetic microbeadsjowJo 2.7.8 (Tree Star, San Carlos, CA), and CellQuest (Becton Dickin-
(Miltenyi Biotec, Auburn, CA) in PBS supplemented with 3% FCS for 20 son) on a Power Macintosh G3 (Apple Computer, Cupertino, CA).
min at 10-12°C. FITC-labeled anti-CD8 Abs were added for the last 10
min. The cells were washed and purified by passage _through mag”e“Analysis of cytokine mRNA by RNase protection assays (RPA)
columns according to the manufacturer's recommendation. The enriched
population consisted aF90% CD8' T cells. The cells were resuspended Isolated CDA'9" (1-2 x 10°) and CD4°™ (2 x 10°) T cells were stim-
in saline containing 50-10Qg of an anti-CD4 Ab (GK1.5), and 0.5-% ulated with PMA (1 pwg/ml) and ionomycin (0.25xg/ml) (both from
10° cells were injected i.v. into NOD-SCID recipients. The mice were Sigma) for 2—4 h in RPMI 1640 medium supplemented with 10% FCS,
injected with an additional 5p.g of GK1.5 i.p. for 2 additional days. The nonessential amino acids;glutamine, sodium pyruvate, HEPES, 2-ME,
mice were allowed to recover for at least 7 days after the last Ab injectiorand penicillin/streptomycin in 37°C in 6% CQAfter stimulation, the cells
and then screened for CD8 reconstitution and CD4 depletion by FACSvere washed once in ice-cold PBS and frozen-i80°C. RNA was ex-
analysis of PBL before CD4 T cell transfer. Typically, 7 days after recon-tracted using the RNeasy kit (Qiagen, Valencia, CA). Probes were labeled
stitution, 5-10% of the PBL were CD8and <0.6% stained for CD4 with [a-*2P]UTP and hybridized with the isolated RNA. The probe set used
cells, a CD4 profile that is similar to the background staining of a nonre-was mCK-1 (PharMingen) and it detects IL-10, IL-4, IL-5, IL-2, IL-6,
constituted NOD-SCID mouse. IFN-y, GADPH, and L32. After digestion of single-stranded RNA, the

. ) o protected fragments were separated by PAGE. Controls included the probe
Histological examination set hybridized to tRNA only, and to tRNA plus a pool of synthetic sense

. - . RNA mplementar he pr LAl r rform rd-
The pancreata and salivary glands from NOD-SCID recipient mice werqng tj r%oanEchtﬁret:?s}/r?ctorﬁrﬁe%tzf;tizﬁt steps were performed accord

removed, fixed in 10% formaldehyde, and embedded in paraffin. Thin sec-
tions at three levels, 5Am apart, were cut for staining with hematoxylin
and eosin. The severity of infiltration was assessed by light microscopy. A

least 20 islets were examined per pancreas. Isolated CD#'9" (0.3—-2x 10°) and CD4°™(0.3-2x 10°) T cells were
. stimulated with PMA and ionomycin for 2 h, and RNA was extracted as
Lymphocyte preparation mentioned above for the RPA. The RNA sample was treated with DNase

Each donor NOD pancreas was cannulated and perfused with collagenal® rémove all traces of genomic DNA and reverse transcribed with Mul-
P (Boehringer Mannheim, Indianapolis, IN) dissolved in HBSS Supp|e_t|$cr|be reverse transcriptase (PE Applled Biosystems, Fos,te_r City, (_ZA) in
mented with penicillin-streptomycin, 4 mmol/liter NaHG@nd 0.22 mg/ the presence of hexamers, according tq the maanat_:turers instructions.
liter BSA. Excised pancreata was incubated for 20 min at 37°C, dispersed FOr IL-4, IFN-y, and GAPDH, real time quantitative PCR was per-
with a 10-ml pipette, washed, passed through a strainer, and placed onfgrmed in the ABI Prism 7700 sequence _detector, which co_ntams a G_ene- Q
discontinuous gradient of Ficoll (Sigma, St. Louis, MO) at 27%, 25%, AMP PCR system R600 (PE Applied Biosystems). Reaction conditions @
20.5%, and 11%, to isolate the islets. The islets were removed from thé/€ré programmed on a Power Macintosh 7200 (Apple Computer) linked o
11-20.5% interface, washed, and handpicked with siliconized pipettes urfliréctly to the 7700 Sequence detector. The IL-4 and {Fprobes were
der a dissecting microscope. The handpicked islets were dissociated infgP€led with the quoresc,ent reporter dye FAM (6-carboxyfluorescin, co-
single cells by passage through a 18-gauge needle (five times) followed bya/ently linked to the 5'end of the oligonucleotide) and a quencher,
21-gauge needle (three times). Salivary gland-infiltrating lymphocytes! AMRA (6-carboxytetramethylrhodamine, attached at theeBd via a
were isolated by sectioning the donor NOD salivary glands into 3-mmlinker arm). The 5end of the GAPDH probe was labeled with the fluo-
pieces and incubating the segments with collagenase P (Boehringer ManfgScent reporter dye VIC and the 8hd was linked to the quencher,
heim) dissolved in HBSS supplemented with penicillin-streptomycin, 4 /AMRA. The primer andprobe sequences used were the followirigF5i-y
mmol/liter NaHCQ, and 0.22 mg/liter BSA. After 20-min incubation the Primer, TCCTGCGGCCTAGCTCTGA; 3IFN-y primer, GCCATGAG
tissue was minced through a steel strainer and, after centrifugation, mon&2AAGAGCT; IFN-y probe, ACAATGAACGCTACACACTGCATC
nuclear cells was enriched on a Lympholyte-M gradient (Cedarlane,] TGGC; S IL-4 primer, CATCGGCATTTTGAA; 3 IL-4 primer, CGTTT
Hormby, Ontario, Canada). GGCA?ATCCATCTCC; IL-4 probe, CACAGGAGAAGGGACG_CCAT
Spleen and lymph node lymphocytes were isolated by mincing the orSCA; 5 GAPDH primer, TGCACCACCAACTGCTTA; 3GAPDH primer,
gan with the back of a 6-ml syringe in a dish before passing through &2CATGCAGGGATGATGTT; and GAPDH probe, CAGAAGACTGTGGA
70-um nylon mesh cell strainer. TGGCCCQTC. All reactions were performed using the_ TagMan qud
RT-PCR kit according the manufacturer's recommendation (PE Applied
Cell transfer procedure Biosystems). Whole mouse cDN/RharMingen) was used as standard. The
detection limit of IFN<y and IL-4 in the standard was 1 ng input of the total
The sorted cells were resuspended in saline containing 10% normal mousgouse cDNA. For the different runs cDNA corresponding to 300-5000
serum (from NOD) and injected i.v. at the numbers indicated. NOD-SCIDcells was used. A normalization to GAPDH was performed for each
recipients were checked for glucosurea using Glucosstix (Boehringegsample.
Mannheim) every other day. If glucosurea was observed, the blood glucose
was measured with a One Touch Il meter (Johnson & Johnson, MilpitasR It
CA). Mice with glucosurea and a blood glucas@50 mg/dl were consid- esults ) ) o ) )
ered diabetic. Glucosurea always coincided with high blood glucose levelsCD4 expression of islet-infiltrating T cells of prediabetic NOD

mice

0|UMOQ

p\nalysis of cytokine mRNA by quantitative RT-PCR
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FACS sorting and FACS analysis ] ) ]

] ) ) o Prompted by the observation that CE2 T cells were Ag reactive
The isolated islet cells were resuspended in PBS containing 3% Fc%llowing immunization with conventional Ag in vivo (17), we
(FACS medium) and stained for two-, three-, or four-color analysis with . . . . o
FITC-, PE-, and APC-labeled Abs using a predetermined optimal Concenf::lsked whetherllt was possublle to |soI§1te this subpopulation from an
tration for 20 min at 4°C, and washed once in FACS medium. Pl was usednflammatory site of an ongoing autoimmune response. To explore
in all samples to exclude dead cells. Before sortin_gﬁ the samples werthis possibility, we isolated islets from prediabetic NOD female
passed through a 7@m nylon mesh. The sorting CD4" gate for islets mice (age 11 wk) and examined the CD4 expression pattern of

and salivary glands was set to include the top 5-10% of all CBells, an . e . R
the CDmorm%%ate was set to include CDAT Cé)“s whose CD4 expression islet-infiltrating lymphocytes. As shown by data presented in Fig.

was just under the mean fluorescence for the entire population (represent- there was increased CD4 expression (when compared with
ing 20% of all CD4" T cells). The yield from twenty 11-wk-old pancreas lymph node and spleen cells from the same mice) on a small subset
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Lymph node 2 Islets

node (mesenteric and inguinal), spleen, or
islet-infiltrating T cells. Cells were isolated

and pooled from five to twenty 11-wk-old

NOD donors as described Materials and
Methodsand stained with anti-CD4PE Abs

and PI. Pl-negative cells are displayed in

the contour plot. This figure represents a
staining pattern that has been reproduced o
more than 20 times. .

FIGURE 1. CD4 expression on lymph I -
<
a
(3]

of islet-infiltrating lymphocytes. This was demonstrated by com-or CD4™*™dslet-infiltrating T cells displayed equal reconstitution
paring the expression of CD4 on lymphocytes from lymph nodesof CD4 T cells in peripheral lymphoid organs of the recipient mice,
and spleen with the expression on islet-infiltrating T cells. Theincluding the spleen, mesenteric lymph nodes, and pancreatic
staining of the lymph node and spleen CD% cells demonstrated  lymph nodes (data not shown). Transfer of 5000 ¢&B'cells led

a very tight homogenous pattern, whereas the islet-infiltrating Tto the development of diabetes in 5 of 7 the recipients in 60 days,

cells displayed heterogeneity in CD4 expression and contained but with a delayed kinetics compared with the mice that received O
small population that displayed increased levels of CD4 on theil5000 or 1000 CD%¢" T cells (Fig. 2). None of the mice receiving %
surface. These “CD¥"islet-infiltrating T cells” represented5% CD8 T cells only (0/18) developed diabetes during the period of %
of all CD4" T cells in the islet-infiltrating population. observation (56 days). g

) ) To determine the lowest number of CI¥ islet-infiltrating T %
Transfer of CDZ:"gh T cells to CD8 reconstituted NOD-SCID cells required for diabetes transfer, we performed a series a trans-g
mice induced diabetes fers using 200250 or 500 CP&"islet-infiltrating T cells isolated =
To assay the pathogenic potential of the islet-infiltrating €881 as described above. As shown by data presented in Fig. 3, 1 of 45

cells, we performed a series of transfers into immunodeficienpf the mice receiving 500 CD#" T cells and 0 of 10 of the
NOD-SCID mice that had been previously reconstituted withrecipients transferred with 200-250 CE# T cells developed
CD8"* T cells from diabetic NOD mice. We reconstituted the re- diabetes within 60 days of transfer.

cipients with CD8 T cells from diabetic recipients before cell
transfer, because it had been previously shown that both"Gibd
CD8" cells were required for transfer of diabetes into immuno- Although the mice receiving 200—-250 CI¥' islet-infiltrating T
deficient NOD recipients (5-12). Transfer of 5000 islet-infiltrating cells did not progress to diabetes during the time course of this @
CD4"9" T cells induced diabetes in 12 of 12 of the recipients study, it was possible that the mice might have developed islet &
within 40 days, whereas only 2 of 12 of the recipients of 5000infiltration without B cell destruction and resultant “diabetes.” g
CD4r°™? jslet-infiltrating T cells developed diabetes during this Therefore, we examined by histopathology the pancreata of the &
time period (Fig. 2). Transfer of 1000 CPJ4" cells proved to be  NOD-SCID recipients that received 200—-250 92 islet-infil- S

As few as 200 CD¥" T cells can lead to intraislet infiltration

10" jounuuw - mmmy/

almost as effective as transfer of 5000 G2 T cells; 9 of 10  trating T cells to ask whether pancreatic-infiltrating-lymphocytes é’
recipients of 5000 CD%%" T cells developed diabetes within 50 (insulitis) could be found in these mice. As shown by data pre- &
days following transfer. However, only 2 of 12 mice receiving sented in Table | and Fig. 4, 5 of 10 mice receiving 200-250 %.
1000 CD4°™majslet-infiltrating T cells developed diabetes within  CD4"9" cells had intraislet infiltration. All of the NOD-SCID mice 2
60 days. (Fig. 2). The difference in diabetogenic potential of thesehat received 500 CD¥" cells (or more) had intraislet infiltration, 8
two subpopulations of islet-infiltrating T cells was not due to dif- whereas none of the mice receiving CD8 cells only displayed any &
ferences in their “reconstitution” potential; mice receiving 92 signs of pancreatic infiltration. Only 6 of the 10 mice that received R
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FIGURE 2. Islet CD4"" T-cells efficiently transfer diabetes. CI¥!, FIGURE 3. As few as 500 CD%" T cells efficiently transferred dia-
CD4™™a! and CD&'@ T cells were isolated from 11- to 12-wk-old do- betes. CD¥9" T cells were isolated from 11- to 12-wk-old donors, and
nors, and aliquots of these cells were transferred into CD8 T cell reconaliquots of these cells were transferred into CD8 T cell reconstituted NOD-
stituted NOD-SCID recipients as indicated. SCID recipients as indicated.
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Table I. Frequency of insulitis and diabetes in NOD-SCID recipients

Recipients with Recipients with
Source Subset Number of Cells Intraislet Infiltration Diabetes
Islets CD4high 5000 5/5 12/12
1000 8/9 9/10
500 3/3 1/4
200-250 5/10 0/10
Spleen CD4ion 5000 1/4 0/5
Salivary glands CcDen 1000 1/6 0/6
Islets CDgrormal 5000 6/10 2/12
1000 1/6 2/12
CD8 only 0/4 0/18

5000 CD4°™aand 1of 6 mice that received 1000 CI94"'is|et- possible that this inefficiency might be due to the low precursor
infiltrating T cells showed any signs of intraislet infiltration. These frequency of islet-reactive T cells in spleens of prediabetic NOD
data confirmed the pathogenic potential of the €B4islet-infil- mice. Therefore, we sorted the “brightest” 3% of the CDeklls
trating T cells, and demonstrated that it was dose dependent. Thuspm the spleens of 11-wk-old NOD mice and transferred 5000
transfer of 200-250 CO%" islet-infiltrating T cells lead to severe cells to CD8 reconstituted NOD-SCID mice. As shown by data
inflammation, but at least 500 CH&" islet-infiltrating T cells  presented in Table I, none of the mice (0/5) that received'tsH4
were required for overt diabetes to occur within the time frame ofspleen cells developed diabetes within 60 days of observation.
these studies. Only 1 of 4 mice examined had signs of intraislet infiltration on
histopathological examination.

NOD mice develop lymphocyte infiltration in all major endo-
crine organs including the salivary glands, adrenal glands, and the
Although diabetes can be easily and rapidly transferred to recipierthyroid. To determine whether NOD CH4" T cells isolated from
immunodeficient NOD mice with spleen cells from overtly dia- another site of lymphocyte infiltration were diabetogenic, we iso-
betic NOD mice, spleen cells from prediabetic mice are very in-lated and transferred CI¥8" T cells from inflamed salivary glands
efficient in transferring diabetes in the same models (19). It isof 11-wk-old NOD mice. As shown by data presented in Table I,

Diabetogenic CD#9" T cells can be easily isolated from the
pancreas, but not other organs, of NOD mice

MMW//:01Y WoJ) pepeojumoq
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FIGURE 4. Histological analysis of pancreata from CD8 reconstituted NOD-SCID mice receivind"©D4 cells (or no CD4 cells). Mice were
sacrificed within 2 wk after the onset of diabetes and their pancreata were fixed with formalin and embedded in paraffin. Paraffin sections were stained with
hematoxylin and eosin. NOD-SCID mice receiving 5000 ¢84cells (A), 500 CD49" cells (B), 200—-250 CD¥" cells (C), or no CD4 cells (CD8
reconstituted only)). All sections are shown at20 magnification.
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FIGURE 5.

none of the mice (0/6) that received 1000 CHA T cells from

NOD salivary glands developed diabetes within 60 days of transexpressed differentially on newly activated or on “memory” T

Islet-infiltrating CD4"9" T cells display a memory phenotype and exhibit a Th1-type cytokine préfilslet-infiltrating CD4™ T cells were
stained with selected Abs as indicated. Live (Pl-negative) cells are displayed in the BgGygokine mRNA as detected in CB¥' and CD4°™a'T cells
isolated from islets. FACS sorted cells were stimulated with PMA and ionomycin for 2 h before RPA. Individual bands were identified with two cont
sets of labeled probes, one that identifies the labeled probe and the other that gives the length of the protected fragment.

IFN-y—

L32 —-’ F
GAPDH——"
g8
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using a panel of Abs that recognized cell surface markers that are

T20C

fer. Next, we compared the infiltration pattern of the pancreas angells. As shown by data presented in Fig. 4, the majority of islet-
salivary glands of the two groups receiving either 200-1000 isletinfiltrating CD4"9" lymphocytes expressed the cell surface marker

CD4"9" cells or 1000 salivary gland CD¥" cells. Interestingly,
there was a preferential homing to the islets of islet ti#%4ells
compared with salivary gland CIH8" cells. Of the islet CD#9"
cell recipients 67% displayed intraislet infiltration € 24) com-
pared with 16.7%r{ = 6) of the mice receiving salivary gland

CD45RB®", characteristic of memory T cells, compared with
lymph node cells isolated from the same animals. Moreover, islet-
infiltrating CD4"9" lymphocytes were also CD62Y compared
with lymph node cells isolated from the same animals (data not
shown). However<5% of the islet-infiltrating CD%9" T cells

CD4Mo" cells. Reciprocally, we could detect a preferential homingexpressed other activation/memory markers, including CD69,
of salivary gland CD#9" cells to the salivary glands. Of the mice CD25, and CD44 (data not shown).

receiving salivary gland CO%" cells, 67% (n= 6) displayed
sialitis, whereas only 25% of the islet CB¥ cell recipients
showed any signs of salivary gland infiltration.

The islet-infiltrating CD2'9" T cells display a memory
phenotype

CD4M9" islet-infiltrating T cells display a IL-4 low, Thl cytokine
profile

It has been suggested that diabetes in the NOD mouse is a Thl-
mediated disease. Islet Ag-reactive T cell clones and lines have
been shown to produce Thl type cytokines. Moreover, T cells

In our previous studies of the T cell response to a conventional Agisolated from BDC2.5 TCR transgenic NOD mice are highly
we demonstrated that, after challenge with Ag in vitro, there wagpathogenic if they have been diverted toward a Th1l pathway be-
a marked shift in the cell surface expression of activation/memoryore transfer. For these reasons, we investigated the cytokine pro-
markers on CD%9" T cells (17). To further characterize the islet- file of islet-infiltrating CD4" T cells using an RPA. Islet-infiltrat-
infiltrating CD4"9" T cells, we stained the islet-infiltrating T cells ing CD4" T lymphocytes from 11- to 12-wk-old NOD mice were
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A yinterferon of IL-4. The lymph node CD%®"™? cells had low expression of
8 both IFN-y and IL-4.
6 Discussion
Analysis of Ag-reactive CD4 T cells in vivo, in particular, self-
4 Ag-reactive CD4 T cells, has been a major problem in immu-

nology. The frequency of Ag-specific CD4T cells is quite low,
representing less than 1/5-10,000 lymph node cells from primed
2 mice (20-23). The study of the CD4T cell response in vivo has
relied mainly upon adoptive transfer of T cell clones or on studies
using T cells from TCR transgenic mice (24-27). In this current
” - " - study, we demonstrated that it was possible to isolate self-Ag-
o GOA“" o o reactive, pathogenic CD4T cells, without any prior knowledge of
Islet Lymph node the self-Ag(s) recognized by the T cells. The method of identifying
self-Ag-reactive CDZ T cells was derived from our previous
demonstration that it was possible to isolate Ag specific CD4
B 4 -4 cells following an immune response to a foreign Ag (myoglobin

35 peptide, residues 110-121), by selecting CD® cells that ex- o
pressed high levels of CD4 (17). Sorting and subsequent transfer ofg

30 disease with the CD¥" subpopulation from inflamed islets of =
25 prediabetic NOD mice, as described in this manuscript, demon- §
strated the potential of using this marker to identify disease spe- &

20 cific autoantigen-reactive T cells, isolated from the inflammatory é"
15 lesions of autoimmune disease. =
10 That some CD8 reconstituted NOD-SCID mice developed dia- &
betes after receiving islet-infiltrating CP%™2' T cells could be =

5 due to several possibilities. It is possible that the CD4 cell surface %
0 expression is not truly bimodal, or there may be some €CD4 o
o o oF o cells that are islet-reactive but had not yet up-regulated CD4, or 3

o co* c® co* these cells may represent an Ag-specific population that has mod-2

Islet Lymph node ulated the expression of CD4 over time. We favor the explanation _3

FIGURE 6. Islet CD4"" cells display a strong Th1 phenotype, Rel-  that the lack of a distinct border between CB4and CD4°™! é

ative expression of IFN+ mRNA in CD4"9" and CD4°™? cells isolated  Cells, as separated by the FACS, or the actual contamination of the 5
from islets and lymph nodes, Relative expression of IL-4 mRNA in  CD4™"™& population by a small number of CP8" T cells during o
CD4"9" and CD4°™ cells isolated from islets and lymph nodes. After the FACS separation procedures, allowed a population of activated ﬁ
normalization of the values to GAPDH mRNA expression, the lowest ex-T cells to be present in the CP™a population. o
presser in the group was set as 1, and the other values related to that datalnterestingly, the analysis of the phenotype of the CD4 islet- >
set. This figure shows the results of one out of three independenmﬁmating T cells revealed that both CPZ™& and CD4"9" islet- .g
experiments. infiltrating T cells displayed a relatively similar phenotype of cell %
surface markers as well as cytokine profile by RPA (Thl type). 8'
_ However, the two subpopulations did not have equal pathogenic
isolated and sorted into CD%" and CD4°™ populations. The  potential. These data suggested as one possibility that, secondary,
CD4"9" gate was set to consist of the top 10% of CD#% cells, to an “inflammatory process” in the pancreas and resultant release
and the CD2°"™?' gate was set to include CDA4T cells whose  of cellular attractants, there was a general influx of Th1 T cells into
CD4 expression was just under the mean fluorescence for the ethe islets, possibly due to inflamed tissue release of a chemokine
tire CD4 population. As shown by data presented in F. 5oth  that attracted Th1 T cells (28). In the presence of the islet “inflam-
the CD4"9" and the CD4°"™a subpopulations of islet-infiltrating mation” among the Th1 T cells that had been recruited relatively
T cells expressed IFN-and IL-2 by RPA, but seemed to lack nonspecifically to the islets, it was possible that a small subpopu-
expression of typical Th2 cytokines such as IL-4, IL-5, and IL-10. lation expressed islet-reactive TCRs and recognized Bleell
Due to the possibility of too low a sensitivity of the RPA to Ags. Due to inflammation and tissue breakdown, and, following
detect low mRNA expression levels, we performed quantitativeAg recognition and activation, these CD4 positive T cells up-reg-
PCR assays on the CH2" and CD4°™ populations isolated ulated their cell surface expression of CD4. The non-self-Ag-re-
from islets and lymph nodes. Islet-infiltrating CD4T lympho- active Thl cells, also recruited to the islets by the inflammatory
cytes from 11- to 12-wk-old NOD mice were isolated and sortedevents, simply represented “innocent bystanders” secunded to the
into CD4"9" and CD4°"™a populations, and IFNrand IL-4-spe-  lesion by adhesion (chemokine attraction, and, presumably, could
cific real time RT-PCRs were performed. As an internal control,readily migrate out of the lesion) (29). An additional possibility
we used GAPDH mRNA expression. As is demonstrated by datavas that the two subpopulations were different in the amount of
in Fig. 6, the CDA9" population made slightly more IFN-than cytokines they secreted, and that the RPA was not sensitive enough
did the CD4°"™3s|et-infiltrating population. However, there was to detect this difference. Therefore, to increase the sensitivity of
a marked reduction in the amount of IL-4 made by the €#4  determination of the cytokine mRNA expression profile, we ana-
when compared with the CD#™? islet-infiltrating cells. The lyzed CD4"9" cells and CDA°™ cells using real time RT-PCR.
lymph node CD49" expressed almost as much IRNas the islet  Although the IFNy mRNA expression was slightly increased in
CD4"s" population, but displayed over 30-fold higher expressionthe islet CD49" cells compared with the islet CDZ™@ cells, the
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amount of IL-4 secreted by the two populations was quite distinct. 8.
The CD4"9" population had a marked reduction in IL-4 secretion
when compared with the CD2™ islet-infiltrating population,
and both populations secreted less IL-4 than did the lymph node

CD4 cells. This suggests that it may be the lack of regulation, ando.

not the existence of “superpathogenic” cells within the islet ¢4
population, that makes this population highly diabetogenic.

One unexplained phenomenon of our observations is the homing
of the small population (500 cells) of islet-reactive C¥94 dia-

betogenic T cells back to the noninflamed islets in the CD8-recon??

stituted NOD-SCID recipients. Moreover, we found the islet-infil-

trating cells in general preferentially homed to the islets and thats.

the salivary gland-infiltrating CD4 T cells reinfiltrated the sali-
vary glands. In addition, the CD8 reconstituted mice had no de-
tectable insulitis in the absence of transferred 8841 cells, thus

there was no inflamed endothelium or injured tissue to act as ai?-

attractant. This suggests, as one possibility, that Tha cells,
activated and/or educated in the islets, have acquired a specific
islet homing activity that is not dependent upon prior inflammation
of the targeted tissue. It is equally possible that the islet-reactive

CD4"9" T cells were activated in another site in the NOD-SCID ¢
recipient, expanded, and then homed to the islets. The nature gf,

this potential tissue specific homing is under investigation.

Our studies have provided a novel technique to isolate and studY
the small population of pathogenic T cells in inflamed organs of 8
tissue-specific autoimmune diseases in the absence of knowledge

of the inciting Ag. By isolating these tissue-specific autoantigen-19.

reactive CD4'9" T cells, it will be possible to study their pheno-
type and Ag specificity.
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