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Introduction

Summary

Transforming growth factor (TGF) B1) is an immunoregulatory cytokine
involved in self-tolerance and lymphocyte homeostasis. Tgfbl knock-out
(KO) mice develop severe multi-focal autoimmune inflammatory lesions due
to [Ca*]i deregulation in T cells, and die within 3 weeks after birth. Because
the calcineurin inhibitor FK506 inhibits the hyperresponsiveness of Tgfb17
thymocytes, and because calcineurin Ap (CNA)-deficient mice do not reject
allogenic tumours, we have generated TgfbI”~ Cnab™ mice to address
whether CNAP deficiency prevents T cell activation and inflammation in
Tgfb1™~ mice. Here we show that in Tgfb17~ Cnab™ mice inflammation is
reduced significantly relative to that in Tgfb1~~ mice. However, both CD4* and
CD8" T cells in double knock-out (DKO) mice are activated, as revealed by
up-regulation of CD11a lymphocyte function-associated antigen-1 (LFA-1),
CD44 and CD69 and down-regulation of CD62L. These data suggest that
deficiency of CNAP decreases inflammatory lesions but does not prevent
activation of autoreactive T cells. Also Tgfb1™~ T cells can undergo activation
in the absence of CNAP, probably by using the other isoform of calcineurin
(CNA«) in a compensatory manner. CNAB-deficient T cells undergo sponta-
neous activation in vivo and are activated upon anti-T cell receptor stimula-
tion in vitro. Understanding the role of calcineurin in T cell regulation should
open up new therapeutic opportunities for inflammation and cancer.
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tion of II2ra (CD25) and Ctla4 [6]. Because CsA inhibits not
only T cell activation but also T, generation in mice [7] and

Calcineurin (CN), a protein phosphatase activated by Ca*'-
calmodulin, is involved in activation of nuclear factor of
activated T cells (NFAT). CN is composed of two subunits, a
catalytic subunit (A) and a regulatory subunit (B). Three
isoforms of catalytic subunit (Ao, AR and Ay) are expressed
in vertebrate species. While Ay is expressed only in testes and
brain, Ao and AP are expressed ubiquitously [1,2]. CN
inhibitors such as cyclosporin A (CsA) and FK506 are potent
inhibitors of T cell responses and are used commonly to
prevent graft rejection in transplant patients [3]. Upon acti-
vation, CN activates NFAT by dephosphorylation. Activated
NFAT translocates to the nucleus, where it induces several
cytokine genes involved in T cell responses and anergy [4].
Under optimal stimulatory conditions which activate AP-1,
NFAT induces 112, Il4, and Ifng, resulting in productive
immune responses [5]. Under tolerogenic conditions, it
forms a complex with forkhead box P3 (FOXP3) and
together induces regulatory T cell (T,) generation by induc-
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humans [8], it is important to determine the role of CN in
autoimmune T cell responses.

We have found that TGFB1 prevents autoimmune disease
by elevating the threshold level of activation through the
Ca®-CN signalling pathway [9]. Tgfbl™~ thymocytes from
young mice with no inflammation have elevated [Ca®]i
levels and exhibit an activated phenotype after suboptimal
stimulation. Consistently, TgfbI”~ thymocytes are more
resistant to FK506-mediated inhibition of activation which
is dependent upon Ca**-CN signalling. In the periphery,
Tgfbl17~ T cells exhibit an anergic response to receptor-
mediated T cell activation, increased activation-induced cell
death (AICD) and down-modulation of T cell receptor
(TCR), suggesting a previously activated state [10,11].
Increased AICD of Tgfb1™~ T cells is due to a T cell-intrinsic
deficiency of TGFf1, as the addition of exogenous TGFP1
does not prevent AICD, and induction of the survival factor
Bcl-xl is greatly reduced upon activation of Tgfb1™ T cells
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[12]. This protective effect is SMAD3-independent as
SMAD?3-deficient T cells also respond to TGFB1 [13]. Addi-
tion of TGFB1 to CD4" T cells during activation with «CD3
+ ouCD28 prevents Ca** influx, NFATc activation and nuclear
translocation, which are important for cytokine production
and naive T cell proliferation [14]. Addition of TGFP1 to
Tgfb1™~ T cells during in vitro stimulation also prevents their
hyperresponsiveness [15]. These studies together suggest
that TGFP1 functions in both cell intrinsic and extrinsic
manners.

CNAp deficiency causes a severe reduction of mature T
cells both in the thymus and periphery [2]. The fact that the
CN inhibitors CsA and FK506 inhibit allograft rejection sug-
gests that CN signalling is important for proper immune
responses [16]. Consistently, Cnab™ mice do not reject allo-
genic tumours, suggesting that CNAB-deficient T cells do
not mount a strong immune response against allografts [2].
To test the hypothesis that blocking CN activity in T cells
prevents T cell activation and autoimmunity, we combined
deficiencies genetically in CNAB and TGFP1. As expected, we
see a drastic reduction in severity of inflammation in the
DKO mice, but surprisingly, both CD4* and CD8" splenic T
cells are activated in the DKO mice, suggesting that either
CNAR is not required for activation of T cells or CNAo may
compensate for the loss of CNAP. Further analysis of T cells
from CNAB KO mice revealed that mature T cells undergo
activation upon stimulation in vitro, confirming that T cell
activation does not depend on CNAR.

Materials and methods

Mice

TgfbI*~ (BALB/c, N7) (gift from James D. Gorham, Dart-
mouth Medical School) and Cnab™ (129/C57BL/6) mice
were combined genetically under a University of Cincinnati
IACUC protocol.

Polymerase chain reaction (PCR) genotyping

The genotype of newborn pups from double heterozygous
matings was determined by PCR amplification of tail DNA
and size fractionation on agarose gels [17].

Flow cytometry analysis of splenocytes

Phenotype analysis of splenocytes was determined by four-
colour flow cytometry, as described previously [18]. Fluores-
cein isothiocyanate (FITC-), phycoerythrin (PE-), peridinin
chlorophyll (PerCP) or allophycocyanin (APC)-conjugated
antibodies to cell surface molecules were purchased from
either BD Biosciences (San Diego, CA, USA) or eBioscience
(San Diego, CA, USA). Forkhead box P3 (FOXP3) staining
kit (clone FKJ-16s) was purchased from eBioscience.
R-PE-anti-mouse CD1la lymphocyte function-associated

antigen-1 (LFA-1) was purchased from BioDesign (Saco,
ME, USA). Splenocytes were surface-stained with fluoro-
chrome conjugated antibodies after blocking with Fc block-
ing antibodies in fluorescence activated cell sorter (FACS)
staining buffer at 4°C in the dark. Cells were washed once
with FACS buffer, fixed in 2% paraformaldehyde and
acquired using a BD-liquid silicone rubber (LSR) flow
cytometer. Intracellular FOXP3 staining was performed
according to the manufacturer’s protocol, as described in our
earlier studies [15]. Flow cytometry data were analysed by
CellQuest software.

Cell culture and cytokine measurements

For cytokine measurements, splenocytes were isolated from
Cnab™ and control mice and stimulated with CD3/CD28
beads (Dynal Biotech, Oslo, Norway) in 48-well plates for 3
days. Culture supernatants were harvested and assayed for
cytokines by enzyme-linked immunosorbent assay (ELISA)
kits from BD Biosciences. Briefly, 96-well ELISA plates were
coated with capture antibodies in coating buffer (NaHCO3/
Na2CO3 buffer, pH 9-5) overnight at 4°C. Plates were then
washed with buffer and blocked with assay diluent buffer
with 1% bovine serum albumin (BSA). Plates were washed
and incubated with diluted supernatants and standard
cytokine, washed again, and incubated with biotinylated
detection antibody/streptavidin-horseradish  peroxidase
(HRP). Plates were washed again and developed with sub-
strate and then read in a microplate reader. Cytokine con-
centrations were calculated using serial dilutions of the
standard run in the same plate.

Inflammation score

Animals were euthanized following institutional guidelines,
and tissues were fixed in 10% neutral buffered formalin.
Tissues were dehydrated through a gradient of alcohol and
xylene, embedded in paraffin and 5-um sections were cut
and haematoxylin and eosin (H&E)-stained. An inflamma-
tion score was assigned to each tissue depending on the
severity of the inflammatory cell infiltrate: 0 (no inflamma-
tion), 0-5 (very mild), 1-0 (mild), 2 (moderate), 3 (severe)
and 4 (very severe) [10,19], as follows: very mild: the inflam-
matory cells are very infrequent and usually involve fewer
than 10 cells per section; mild: inflammatory component is
composed of fewer than 100 cells — the inflammation is
confined to a few areas in the tissues; moderate: inflamma-
tion involves multiple areas in the tissue or is a large area
composed of more than 100 inflammatory cells but fewer
than 1000 cells — there may be associated tissue damage near
the inflammatory component; severe: inflammatory cells
comprise large multi-focal areas of the tissue and usually
involve at least 20% of the tissue — there are greater than 1000
cells involved and there is clear alteration of the adjacent
tissues either due to compression from the inflammatory

318 © 2009 British Society for Immunology, Clinical and Experimental Immunology, 158: 317-324



CNAB mediates inflammation in TGF31 KO mice

(a) Splenocytes in Cnab™~ mice

60

n=4
50

40t
30t
20t
10}

# of splenocytes (millions)

Tgfb1"*Cnab™ | Tgfb1™ Cnab™

Splenocytes

(b) Splenocytes (d23)

Tgfb1**Cnab™ Tgfb1" Cnab™

DKO
101

Counts

o
10° 10' 10% 10° 10*

° °
<ud % cns
Aaxe OF ! CD3*T cells
Ot ° © 2 e
S S e 0o Cnab™-|DKO
T 100 10' 102 10° 10* 57 MFI 248 1136
< < o w
e e O 7
@t 2 °
85 < 5 10° 10" 10?2 10° 10*
Fig. 1. Splenocytes and T cell subsets are o s CD8
unaltered in double knock-out (DKO) mice, but = = Filled: Tgfb1**Cnab™
10° 10" 10% 10°® 10410° 10" 102 10° 10* Open: Tgfb1”~Cnab™

their surface CD3 and CD8 are down-regulated.
Total splenocytes were prepared, counted and FLI-FITC
stained for surface expression of CD3, CD4 and

CD8, as described in the Methods section. Total

cb3 —mmMM

FLI-FITC MFI: mean fluorescence

intensity

80

YA

splenocyte numbers in Cnab™~ and DKO mice (c) Cnab™" splenocytes (d18) P +H+ —/—
are shown (a). Flow cytometric analyses of " L § Fl: 108 88
splenocytes expressing CD3 and CD4 or CD8 - Tgfot - Tgib1 o
from Cnab™~ and DKO mice (b) and Tgfb1""* 0% _jﬁ 45 O
and Tgfb1™"~ mice on Cnab*~ background (c) 8"}; ’fo: Loy ‘fc:, R

. . OY - X Thetl o
are shown in dot plots. Histogram overlays of T 2 .]*_. “ 114 |2 T * 5.1 3 . — —
CD3 expression on splenocytes [upper panel in S - o L @ Filled: Tgfb1"" Cnab
b) and 4CD . " 10° 10" 102 10° 10°0° 10! 107 10° 10°E Open: Tgfb1'~Cnab™"
(b) and (c)] and CD8 expression on CD3 FLI-FITC FLI-FITC 3 MEI: mean fluorescence
gated splenocytes [lower panel in (b)] or total CcD4 O ° intensity
splenocytes [lower panel in (¢)] from the above 10° 10" 10 10° 10*

mice.

component or necrosis of the adjacent tissue; very severe:
similar to severe, only nearly all areas of the tissue are
affected — there is alteration of the normal parenchyma
appearance. Data for the most commonly affected organs are
shown in the figures.

Results

Unaltered splenocyte and T cell numbers in DKO mice

CNAB is important for normal T cell development, as
Cnab™ mice have a defect in T cell development with
decreased numbers of mature T cells both in the thymus
and periphery [2]. We postulated that a reduction in
CN-mediated signalling in TgfbI7~ T cells would prevent T
cell activation and inflammation, not only because it would
decrease the number of mature T cells, but also because it

CD8

mediates hyperresponsiveness in the absence of TGFB1 sig-
nalling [9].

Comparison of splenocyte counts from 3—4-week-old
Cnab™ and DKO mice reveals no differences (Fig. 1a). There
is also no difference in percentages of CD4* and CD8" T cell
subsets (Fig. 1b, dot-plots). This is in contrast to Tgfbl™"
mice, which exhibit a severe decrease in total splenocytes and
T cells in their spleen [10,19]. However, there is a decrease in
expression of CD8 on T cells in DKO mice. Similarly, there is
a decrease in CD3 expression on DKO T cells (Fig. 1b,
histograms). Consistent with the inflammation and conse-
quent loss of T cells from the spleens of Tgfb1™~ mice [10],
there is a decrease in CD4" T cells in Tgfbl™~ Cnab*~ mice
compared to control mice (Fig. 1c, dot-plots). Expression of
CD3 and CD8 is also decreased on T cells in Tgfb17~ Cnab*'~
mice (Fig. ¢, histograms). These data suggest that while
TGEPI deficiency affects the balance in T cell homeostasis
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towards an inflammatory phenotype CNA deficiency coun-
teracts it, at least partially. However, CNAP deficiency does
not prevent down-modulation of CD3 and CD8 on TGFf1-
deficient T cells which exhibit an activated phenotype.

CNAp deficiency decreases inflammation in
Tgfb1™" mice

Because DKO mice do not live longer, they were analysed for
inflammatory lesions. Contrary to expectations, the moder-
ate to severe inflammation found in Tgfbl™~ Cnab™™ mice,
especially in heart and lung (Fig. 2a), is reduced to mild
inflammation in those organs in TgfbI™™ Cnab™™ mice
(Fig. 2b) on the same genetic background. Diaphragm and
quadriceps muscle are usually not affected in DKO mice.
Surprisingly, there is no significant reduction in severity of
inflammation in pancreas, although there is a reduction in
the number of DKO mice (50%, Fig. 2b) that have pancreatic
inflammatory lesions (compare to 77% of Tgfbl”~ Cnab™",
Fig. 2a). Analysis of the organ specificity of inflammation
also suggests that only two to four organs are affected in
DKO mice, usually liver, lung and pancreas. H&E staining of
liver, heart and lung sections from Tgfb1"* Cnab™~ (Fig. 3,
top panels), Tgfbl™~ Cnab™ (Fig. 3, middle panels) and
Tgfbl™~ mice (Fig. 3, bottom panels) are shown for compari-
son and demonstrate that there is a severe reduction in
inflammation in DKO mice compared to TgfbI”~ mice.
However, we do not know whether such mild inflammation
is sufficient to cause death in DKO mice.

CNAB deficiency does not prevent activation of
Tgfb1™" T cells

Flow cytometric analysis of splenocytes from Tgfbl™"

Cnab™ and littermate TgfbI™ Cnab™ mice suggests that
CD62L (Fig. 4a, centre row) and CD3 and CD8 (Fig. 1b,
histograms) are down-regulated, and LFA-1 and CD44
(Fig. 4a, top and bottom rows) and CD49d (not shown) are
up-regulated in Tgfb1™~ Cnab™ T cells. Analysis of CD69
also suggests that the CD69* population (activated T cells) is
increased in DKO mice (Fig. 4b). These data suggest that
although CNAP-deficiency drastically reduces inflamma-
tion, CNAR is not essential for activation of self-reactive T
cells in the absence of TGFB1 [10,18].

CN deficiency does not enhance the survival of
Tgfb1™~ mice

Analysis of 12 Tgfbl Cnab DKO mice revealed little differ-
ence in survival compared to TgfbI”~ Cnab*~ mice on the
same genetic background. Fifty per cent survival was at
about 27 days for TgfbI”~ mice and about 22 days for DKO
mice (Fig. 5). However, all the mice in both groups died
by the end of 5 weeks, suggesting that CNAP deficiency
does not alter significantly the survival of TGFf1 KO mice.
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Fig. 2. Calcineurin AP (CNAP) deficiency decreases inflammation in
transforming growth factor (TGF) B1 knock-out mice. Mice were
killed and immersed in 10% neutral buffered formalin (NBF) for
fixation after the lungs and gut were profused with 10% NBE.
Formalin-fixed tissues were embedded in paraffin blocks; 5-10 um
sections were cut and haematoxylin and eosin-stained and analysed
for inflammatory lesions by a pathologist. Inflammation score was
determined as described in the text. Inflammation score in various
organs of TgfbI™~ Cnab*~ (a) and Tgfb1”~ Cnab™~ mice (b). Each
mouse was represented by one symbol. Organs with no inflammation
are not shown.

We have analysed activation of T cells from Cnab™" and
littermate control mice before and after in vitro stimulation
using multi-colour flow cytometry. Ex vivo analysis of
splenic T cells revealed an increase in the proportion of CD4*
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knock-out (DKO) mice. Formalin-fixed tissues
were embedded in paraffin blocks; 5-10-um
sections were cut and haematoxylin and
eosin-stained and analysed for inflammatory
lesions by a pathologist. Representative sections
of liver (left), heart (middle) and lung (right)
from Cnab™ (upper), DKO (middle) and
Tgfb1™~ (lower) mice are shown. Inflammation

Tgfb17~

lesions are indicated by a black arrow.

T cells that are spontaneously activated (CD62L"CD44") in
Cnab™~ compared to control mice. This activation is similar
whether the Crnab™™ mice are on Tgfb1"* or Tgfbl*~ back-
grounds (Fig. 6a). However, T cells from DKO mice (3 weeks
old) are highly activated, resembling the phenotype of
Tgfb1™~ T cells (Fig. 4). Analysis of CD25 and FOXP3 expres-
sion revealed a similar proportion of FOXP3* T, in both
groups, albeit a decrease in total T cells and T\, numbers was
found in Cnab™ mice (Fig. 6b, data not shown). To test
whether CNA signalling is required for T cell activation and
response, we stimulated T cells in vitro from Cnab™" and
control mice. The expression of CD25 is up-regulated upon
anti-CD3 and anti-CD28 stimulation on control and Cnab™
T cells, suggesting that T cell activation is independent of
CNAp expression (Fig. 6¢). Analysis of cytokines secreted by
splenocytes in these cultures indicates that Cnab™ T cells
produce elevated levels of interferon (IFN)-y and interleukin
(IL)-6 upon anti-TCR stimulation compared to control cul-
tures (Figs 6d and e).

Discussion

Tgfbl”~ mice die around weaning age due to multi-focal
autoimmune disease mediated primarily by autoreactive T
cells [18]. TGFP1-deficient T cells are hyperresponsive to
stimulation due to increased [Ca*]i-CN signalling [9,10].
Because CNAP-deficient mice exhibit a defect in T cell
maturation, and because mature T cells are hyporesponsive
to stimulation, we have generated DKO mice in the hope of
decreasing T cell activation. As expected, we found a signifi-
cant reduction of inflammatory lesions in DKO mice.
However, DKO mice die within 5 weeks after birth, due

CNAB mediates inflammation in TGF31 KO mice

Heart 10x

Lung 10x
..‘:'I' &

possibly to T cell activation through CNAa. In our prelimi-
nary studies we have observed that CNA«. is expressed in the
thymus, as well as splenocytes in Cnab™™ and control mice.
Our in vitro stimulation experiments confirm the hypothesis
that CNAP is dispensable for T cell activation and that
absence of CNA signalling actually increases spontaneous
activation of T cells in vivo, and production of inflammatory
cytokines upon stimulation in vitfro. As TGFB1 is required
for induction of FOXP3 to induce the conversion of
CD4'CD25™ T cells into adaptive T, we believe that a
defect in the generation of adaptive T, or inducible Tieg
(iTwgs) in both KO mouse strains (Cnab™ and Tgfbl™)
could also be a cause of the activation of T cells in DKO
mice. We are currently studying the role of TGFB1 and
CNAR in the generation of T, These studies will be pub-
lished elsewhere.

Because elimination of either CD4* or CD8" T cells alone
does not reduce the severity of inflammation in Tgfb1™"
mice [19], the mild inflammation in DKO mice is probably
not due to a decrease in peripheral T cells but rather to a
defect in their effector function [2]. This is consistent with
the original observation in Cnab™” mice that they do not
mount vigorous anti-tumour responses against allogenic
tumours [2]. The data also suggest that a milder form of
inflammation may be sufficient to cause early lethality if T
cell regulation is diminished. It has been shown that admin-
istration of CsA, an inhibitor of CN phosphatase activity, to
new-born BALB/c mice induces organ-specific autoimmu-
nity [7] and also inhibits FOXP3 expression and T, genera-
tion, both in vitro and in vivo [8,20]. The CsA effect on T,
generation could be reversed by IL-2, suggesting that CsA
affects T, generation through inhibition of IL-2 production
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Fig. 4. T cells are activated in double knock-out (DKO) mice.
Splenocytes were prepared from control and DKO mice and stained
for CD3, CD4, CD8 and activation markers CD11a lymphocyte
function-associated antigen-1 (LFA-1), CD44, CD62L using
fluorochrome-conjugated antibodies after blocking with Fc blocking
antibodies in fluorescence activated cell sorter (FACS) staining buffer
at 4°C in the dark. Cells were washed from unbound antibodies and
fixed in 2% paraformaldehyde and acquired using a BD-liquid silicone
rubber (LSR) flow cytometer. Data are analysed using CellQuest
software. Histogram overlays of CD11a LFA-1, CD44 and CD62L on
CD4" (left panels) and CD8" gated (right panels) T cells are shown in
(a). CD69 expression on CD4" T cells is shown in dot plots (b).

[21-24]. Recently, it was reported that FK506 activates
nuclear factor (NF)-xB and tumour necrosis factor (TNF)-o
expression in macrophages, and this effect was shown to be
through its inhibition of CN activity [25]. This suggests that
innate immune responses may be up-regulated in Cnab™
and DKO mice leading to increased proinflammatory cyto-
kine production such as TNF-a, which can contribute to
early lethality of DKO mice.

The above data leave open the possibility that there could
be unanticipated phenotypes resulting from metabolic or

other defects that present in DKO but not in Tgfbl KO mice.
Because T cells can become activated in older Cnab™ mice,
the inherent response of T cells could cause unknown phe-
notypes through soluble factors such as IL-1, IFN-y, TNF-a
and IL-6. We are particularly interested in the proinflamma-
tory cytokines IL-6 and IFN-y, because we know that Tgfb1™"~
mice live longer on 167~ and Ifng”~ backgrounds, although
Tgfb1™~ 1167 mice live much longer than Tgfb1™~ Ifng” mice
[26,27]. Consistent with these data, we observed increased
production of IFN-y and IL-6 cytokines by Cnab™ T cells
upon stimulation, suggesting that proinflammatory cytokine
secretion is regulated by CNAP. Another possibility is that
under such an environment DKO T cells utilize some
CN signalling through the remaining CNAo isoform and
undergo activation in the absence of TGFB1. In our prelimi-
nary studies we have observed that Cnab™™ mice die after 8
months due to metastatic B cell lymphomas. Studies are
under way to address whether CNA-deficiency contributes
to early lethality in an inflammation-independent manner.
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322 © 2009 British Society for Immunology, Clinical and Experimental Immunology, 158: 317-324



CNAB mediates inflammation in TGF31 KO mice

@ (b) CD4* gated
. WT . Tgfbrt-
100 = CD62L" 2 2
== CD62L CD44" SoF 10-8| o 2F lag 1

g & pr @ o &

8 L 1|5

= 60 T10° 10" 10% 10° 10¢  T10° 10' 10 10° 10°

+ PE-A PE-A

S 40 __ Cnab™ _Tgib1"Cnab

® 0 <;’9_r 10-8 <"§r 10-2

20 ook | |9 |4

Fig. 6. Calcineurin AP (CNAP) deficiency 0 |_| ) ) O <o T 6.7 <ok 66
increases spontaneous activation of T cells WT Cnab™’ Tgfb1*/’ Tgfb1+/’ B0 10T 10 1010 TA0P 107 10F 10° 10°
in vivo and effector differentiation in vitro. Cnab™’~ PE-A PE-A

(a, b) Splenocytes from 2-month-old Cnab™",

Average of 2

FoxP3 ——————

Cnab™ Tgfb1*~ and control mice were prepared mice
and surface-stained for CD4, CD8, CD62L and (©) (d)
CD44 and analysed as descrlb.ed. in Fig. 4. For cD4* gated 8000, mmmmMedium
forkhead box P3 (FOXP3) staining, cells were . CD3/C =—=CD3/CD28 beads
surface-stained with CD4 and CD25 antibodies Medium Anti-CD3/CD28 ~ 6000
and then fixed/permeabilized and stained with WT IS ://‘I"C:;Ingg 102 Qi cl:/}I)I?IDi?g 91 %
FOXP3 antibody, as described in the Methods. 5'&’ © ’ MA 5'&’ o ’ & 4000
L . . . =) |_ of =
For in vitro stimulation experiments, 1 X 10° 8 ; 8 ; 1 [ 2000
splenocytes from 7-week-old Cnab™~ and © o © o
1

control mice were cultured in the presence of
anti-CD3/CD28 microbeads from Invitrogen
(T cell expander beads) for 3 days and cells
were stained for CD4 and CD25 as described
above and analysed by flow cytometry (c).
Supernatants were collected and assayed for
cytokines by sandwich enzyme-linked

Cnab™"

Counts
0 5101520

immunosorbent assay using kits from

BD-Biosciences (d, e). Interleukin-6 levels in

unstimulated (medium) cultures were below

detection levels.
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