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Atorvastatin Fails to Prevent the Development of
Autoimmune Diabetes Despite Inhibition of Pathogenic

B-Cell-Specific CD8 T-Cells

Biliana Lozanoska-Ochser,' Francesca Barone,”> Costantino Pitzalis,”> Mark Peakman®

Statins, the widely used inhibitors of cholesterol biosyn-
thesis, also have immunomodulatory properties. Statins
have recently been shown to have beneficial prophylactic
and therapeutic effects in actively induced, short-term
animal models of the autoimmune diseases multiple scle-
rosis and rheumatoid arthritis, leading to clinical trials. We
therefore investigated whether statins’ protective effects
could be reproduced in the nonobese diabetic (NOD)
mouse, a spontaneous, chronic model of autoimmune dia-
betes. Mice were treated with 0, 1, 10, or 50 mg - kg™* -
day~?! oral atorvastatin from 6 or 12 weeks of age, without
effect on the rate or prevalence of diabetes development,
islet infiltration, or islet major histocompatibility complex
class II expression. However, there was clear evidence of a
disease-relevant immunological effect of statins in vivo,
since short-term (12-day) treatment significantly reduced
the number of proinflammatory (y-interferon-producing)
CDS8 cells recognizing a dominant pathogenic epitope. This
effect was absent in mice treated for longer periods, sug-
gesting that atorvastatin loses efficiency in inhibiting au-
toantigen-specific T-cells over time. This observation may
explain the discrepancy between the reported success of
statins in acutely induced models and the lack of it in a
chronic, spontaneous model of autoimmune disease and
has implications for the adoption of such therapy in hu-
mans. Diabetes 55:1004-1010, 2006

n recent years there has been a notable surge of
interest in the effects of the commonly used choles-
terol-lowering drugs called statins or 3-hydroxy-3-
methylglutaryl coenzyme A reductase inhibitors.
Independent of their lipid-lowering properties, statins
have been shown to have wide-ranging immunomodula-
tory and anti-inflammatory properties including inhibition
of y-interferon (IFN-y)-inducible major histocompatibility
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complex (MHC) class II expression, proinflammatory cy-
tokine and chemokine production, and expression of
adhesion molecules (1-3). Statins were also found to
reduce the expression of the costimulators CD40, CD40-
ligand, CD80, and CD86 on various cell types and block
Iymphocyte function-associated antigen-l-mediated T-cell
adhesion and costimulation (4,5). The discovery of these
novel immunomodulatory properties provided researchers
with the rationale for using statins to treat immune-
mediated inflammatory diseases. In key preclinical stud-
ies, atorvastatin treatment was found to inhibit the
development of actively induced experimental encephalo-
myelitis (EAE) in SJL/J mice (4,6) while simvastatin treat-
ment inhibited the development of arthritis induced by
immunization with collagen (collagen-induced arthritis
[CIA]) in mice (7), prompting open-label and small-scale
intervention studies of the equivalent diseases in humans:
multiple sclerosis and rheumatoid arthritis, respectively
(8,9).

Against this background, statin therapy is worthy of
consideration in the prevention or treatment of autoim-
mune diabetes. Two features of these drugs are particu-
larly attractive. First is the potent suppression of T-helper
1 (Thl) proinflammatory cytokine production by autore-
active T-cells (4). The islet destruction that is characteris-
tic of type 1 diabetes is considered to be the result of a
Thl-mediated inflammatory process, and circulating Thl
autoreactive T-cells recognizing islet autoantigens are a
feature of the disease at onset (10). A second potentially
beneficial feature of statins is their downregulatory effect
on inducible MHC class II expression (3). Post mortem
studies show that islet vessel endothelial cells express
induced MHC class II molecules at diagnosis of disease
(11), and we previously demonstrated in vitro that presenta-
tion of islet autoantigens by MHC class II-expressing endo-
thelium markedly enhances the transmigration of islet
autoreactive CD4 T-cells (12), suggesting that this feature of
insulitis could promote islet damage and inflammation.

To obtain preclinical evidence of efficacy, we elected to
examine the effect of statins in the nonobese diabetic
(NOD) mouse, a spontaneous and chronic model of type 1
diabetes. Mice were treated at different disease stages,
using both preventive and curative protocols, and at three
different doses. Measurable outcomes included progres-
sion to diabetes as well as changes in immunological
parameters. We report that, contrary to expectations,
statin treatment fails to prevent autoimmune diabetes,
despite powerful acute effects on T-cell autoreactivity.
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FIG. 1. Effect in vitro of atorvastatin on IFN-y-inducible MHC class II expression. Flow cytometric analysis of MHC class II expression on resting
(shaded histogram) or IFN-y-stimulated (unshaded histogram) human IECs (4) and NOD mouse peritoneal macrophages (B). Preincubation with
atorvastatin (10 pmol/1) inhibited the IFN-y-inducible MHC class II expression on IECs and macrophages. In contrast, C shows NOD mouse
splenocytes cultured in the absence (shaded histogram) or presence (unshaded histogram) of atorvastatin (10 pmol/1) for 48 h. Atorvastatin does
not alter constitutive MHC class II expression, which is present on B220+ and CD11c+ splenocytes (data not shown).

RESEARCH DESIGN AND METHODS Atorvastatin effects on NOD mouse macrophages and human islet
Female NOD mice were obtained from our breeding colony (13-15), and endothelial cells. NOD mouse peritoneal macrophages (>95% CD14+) and

studies were performed with approval from the institute’s ethical review Splenocytes were cultured in RPMI-1640 media supplemented with 100 pg/ml
committee. penicillin/streptomycin and 10% FCS (Invitrogen, Paisley, U.K.). Human islet
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FIG. 2. Effect in vitro of atorvastatin on islet autoreactive T-cell proliferation. Graph shows proliferation, as measured by reduction in
carboxyfluorescein diacetate succinimidly ester (CFSE) staining intensity, of CD8 T-cells among splenocytes in the absence of stimulus (A) and
in the presence of NRP-V7 peptide (10 pmol/l) (B). Considerable CD8 T-cell proliferation is observed in response to the autoantigen. In the presence
of atorvastatin at 10pmol/1 (C) and 50 pmol/1 (D) there is a dose-dependent and complete inhibition of proliferation in response to the NRP-V7 peptide.
E: Means = SE percentage of proliferating splenocytes under similar conditions (atorvastatin at 10 pmol/l) from three separate experiments.
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FIG. 3. Effect in vitro of atorvastatin on proinflammatory cytokine
production. A: Cytokine ELISPOT analysis for production of IFN-vy,
IL-10, and IL-4 following incubation of NOD splenocytes alone ([1]),
with the polyclonal stimulus ConA (10 pg/ml) (W) or with ConA and
atorvastatin at 10 pmol/l () or 50 pmol/l ([J). Atorvastatin inhibited
polyclonal IFN-y production but moderately enhanced IL-10 and IL-4
production in a dose-dependent fashion. B: Cytokine ELISPOT analysis
following incubation of NOD mouse splenocytes alone ([I]) or with the
diabetogenic peptide NRP-V7 alone (H) or together with atorvastatin
at 10 pmol/1 (E) or 50 pmol/1 ([J). Atorvastatin treatment inhibited
Ag-specific IFN-y production and increased the production of IL-10 but
not IL-4. Data are representative of at least three separate experi-
ments.

endothelial cells (IECs) (16) (>95% CD105+, CD31+) were cultured in
microvascular endothelial cell growth medium complete with endothelial cell
growth factors (TCS CellWorks, Buckinghamshire, U.K.) supplemented with
100 pg/ml penicillin/streptomycin and 20% FCS. Macrophages and IECs were
then preincubated with different statins including atorvastatin (Pfizer, East-
leigh, U.K.), pravastatin (Bristol-Myers Squibb, Hounslow, U.K.), and simva-
statin (Merck Sharp & Dohme, Hoddesdon, U.K.) at 1, 5, and 10 pwmol/l for 24 h
at 37°C and 5% CO, and activated with IFN-y (R&D Systems Europe, Oxon,
U.K.) at 500 IU/ml for a further 48 h. To examine the effects of statins on
constitutive MHC class II expression, NOD mouse splenocytes were incubated
in the present of statins for 48 h. Adherent cells were detached (Accutase; TCS
CellWorks), washed in PBS/2% FCS, and stained for 30 min at 4°C with rat
anti-I-A-RPE (MRC OX-6; Serotec, Oxford, U.K.) and rat anti-mouse CD14-
fluorescein isothiocyanate (FITC) (BD Pharmingen, Oxford, U.K.) for perito-
neal macrophages; rat anti-I-A-RPE and rat anti-mouse B220 (BD Pharmingen)
for splenocytes; and mouse anti-human CD105-RPE, CD31-RPE (Serotec,
Oxford, U.K.), and HLA-DR-FITC (BD Pharmingen) for IECs, as well as
appropriate isotype controls. Cells were then washed and analyzed using a
FACSCalibur with CellQuest software (Becton Dickinson).

Autoreactive T-cell proliferation. To measure T-cell proliferation, 2 X 10°
splenocytes were labeled with 2 pmol/l carboxyfluorescein diacetate succin-
imidyl ester (Molecular Probes, Leiden, the Netherlands) and cultured with
either the mimotope of the dominant cytotoxic T-lymphocyte (CTL) epitope of
islet-specific glucose-6-phosphatase-related protein (islet-specific glucose
6-phosphatase catalytic subunit-related protein [IGRP],_ 5,4, KYNKANVFL;
epitope is termed NRP-V7 throughout) at 10 pmol/l (Thermo Electron, Ulm,
Germany) in the presence or absence of 1, 5, or 10 pmol/l atorvastatin for 5
days in Dulbecco’s modified Eagle’s media supplemented with 2 nmol/l
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L-glutamine, 100 pg/ml penicillin/streptomycin, and 10% FCS and proliferation
analyzed by flow cytometry.

Atorvastatin therapy. Female NOD mice at 4—6 (prevention study) and 12
(treatment study) weeks of age received atorvastatin daily as a suspension in
0.5 ml PBS by oral gavage using 20-mm feeding needles at 1, 10, and 50 mg/kg
with an equal number of mice contemporaneously receiving vehicle (PBS)
alone. Mice were monitored daily for glycosuria and maintained until 30
weeks of age or the development of diabetes, indicated by urinary glucose
>8.3 mmol/l on two occasions 72 h apart and confirmed by blood glucose
measurement >16.7 mmol/l as described (14).

Effector T-cell responses. These were detected ex vivo by an indirect
cytokine ELISPOT as described (10) using 2 X 10° splenocytes isolated from
treated and control mice, cultured in Dulbecco’s modified Eagle’s media
supplemented with 2 nmol/l L-glutamine, 100 pg/ml penicillin/streptomycin,
and 10% FCS in 48-well plates in the presence of autoantigenic peptides
NRP-V7, GADG65,,; 53 insulin B9-23, or concanavalin A (ConA, 10 pg/ml;
Sigma-Aldrich, Poole, U.K.), all at 10-pmol/l final concentration for 48 h.
Irrelevant control peptides comprised the coxsackievirus B4 P2C,,4;,_45; CTL
epitope (17) and promiscuous tetanus p731 and p734 epitopes (10) for CD8
and CD4 responses, respectively. Nonadherent cells were harvested and
washed and 10° cells divided and aliquoted in triplicate into 96-well plates
precoated with cytokine capture antibodies for IFN-vy, interleukin (IL)-4 or
IL-10 using U-Cytech kits (Utrecht, the Netherlands). The 96-well detection
plates were dried, spots of >100 pm diameter counted in a BioReader 3000
(BioSys, Karben, Germany), and results expressed as mean spots/300,000
cells, representing the approximate number of cells in each triplicate well.
Islet histopathology and immunohistochemistry. Pancreas tissue was
embedded in Tissue-Tec OCT Compound and snap-frozen in cold isopentane
(VWR Scientific Products, Poole, U.K.) and liquid N, and stored at —80°C until
use. Cryostat sections (6 pm) were fixed in acetone and stained with
hematoxylin and eosin. Islets were scored for the extent of infiltration
independently by two observers unaware of animal treatments. At least 30
islets per three nonoverlapping pancreatic sections/animal were analyzed. For
the evaluation of islet and vessel MHC class II expression, acetone fixed
sections were stained with biotinylated anti-mouse I-A (MRC OX-6, Serotec),
rat anti-mouse CD105, anti-rat IgG-FITC (BD Pharmingen), and staining
revealed using avidin-biotin Vector Red reagents (Vector Laboratories, Bur-
lingame, CA).

Statistical analysis. Student’s ¢ test was used for intergroup comparisons of
T-cell responses. The incidence of diabetes in female mice in our colony at the
age of 30 weeks is ~90%. At minimum (n = 9 per group), NOD prevention
studies were powered to detect an approximate reduction in diabetes inci-
dence among females at 30 weeks, from 90% in untreated to 30% in treated
mice, with 80% power and P < 0.05. Differences in diabetes-free survival
between treated and control mice were examined using life table analysis and
the log-rank test. In NOD intervention studies initiated at diagnosis, n = 6
mice were used, powered to detect an approximate cure rate of >50% with
80% power. For these statistical analyses, P < 0.05 was considered significant.

RESULTS

Effect of atorvastatin in vitro on IFN-y-inducible
MHC class II expression on islet endothelium, peri-
toneal macrophages, and splenocytes. The anti-inflam-
matory effects of statins have been attributed to
pleiotropic properties that include downregulation of in-
ducible (but not constitutive) MHC class II molecules and
inhibition of type 1 cytokine effector function. Since both
of these properties are relevant to the prevention of
autoimmune diabetes, which is associated with islet hy-
perexpression of MHC class II molecules on islet endothe-
lium and Thl-like autoreactivity (10,11), we carried out
assays in vitro, designed to assess these parameters.
Human islet endothelial cells (Fig. 1A) and NOD mouse
peritoneal macrophages (Fig. 1B) were stimulated with
IFN-y in the presence or absence of atorvastatin. In
agreement with previous observations, we found that
atorvastatin inhibits IFN-y—dependent MHC class II
upregulation on these cell types, which represent nonpro-
fessional and professional antigen-presenting cells, re-
spectively (2—-4). Prior studies have shown that this
immunomodulatory effect of atorvastatin is mediated by
the inhibition of the inducible promoter IV of the class II
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transactivator (3). Atorvastatin had a negligible effect on
MHC class II expression by splenocytes (Fig. 1C). This is
an expected finding since the majority of MHC class
II-positive cells in the murine spleen are B-cells, which
express constitutive MHC class II that is not susceptible to
modulation by statins.

In vitro effect of atorvastatin on islet autoreactive
T-cell proliferation and cytokine production. Al-
though both CD4 and CD8 T-cells are required for the
development of autoimmune diabetes in the NOD mouse,
CDS8 T-cells appear responsible for the initial p-cell insult
and are essential for the destruction of insulin-producing
B-cells and the progression of insulitis to overt diabetes
(18). On encountering antigen, effector CD8 T-cells pro-
duce cytokines such as IFN-y, observed within 48 h, and
enter the cell cycle, which can be detected within 3-5
days. We therefore examined the effect of atorvastatin on
both of these parameters, examining autoreactive CDS8
T-cell proliferation and cytokine profile using the NRP-V7
mimotope of the IGRP autoantigen recognized by patho-
genic CTLs as stimulus. The CTL response against NRP-V7
is an early and progressive event in NOD pre-diabetes,
mirroring progression to overt disease, and CD8 T-cells
reactive against this epitope are highly potent in disease
transfer (19,20). As shown (Fig. 2), atorvastatin treatment
in vitro completely blocked the proliferation of CD8
T-cells specific for NRP-V7 peptide. Considering that ator-
vastatin treatment has no effect on MHC class I expres-
sion, the likely explanation for this finding is a direct effect
of atorvastatin on cell cycle regulation via inhibition of the
synthesis of isoprenoid intermediates, as reported previ-
ously (6,21).

Atorvastatin also inhibited polyclonal and IFN-y produc-
tion in response to NRP-V7 peptide stimulation in a dose-
dependent fashion (Fig. 3A and B). Interestingly, in line
with previous observations (4,6) atorvastatin treatment
increased antigen-specific IL-10 production.

DIABETES, VOL. 55, APRIL 2006

anus p731, p734. D: IFN-y production in re-
sponse to the polyclonal stimulus ConA was
similar in the chronic statin-treated and control
groups.

Chronic
treatment

In vivo effect of atorvastatin treatment on patho-
genic CD8 T-cell function. To establish whether these
anti-inflammatory activities of statins are generated and
maintained in vivo, we next treated 12-week-old NOD mice
for 12 days with 50 mg/kg oral atorvastatin or vehicle and
examined NRP-V7 reactivity. As shown in Fig. 44, 12 days
of oral atorvastatin significantly reduced the frequency of
splenic CD8 T-cells making IFN-y in response to NRP-V7.
This reduction was specific for the autoreactive cells,
since the frequency of IFN-y—producing cells in response
to ConA stimulation was identical in treated and control
animals (Fig. 4B). There was no evidence of expansion of
effector cells making II.-4 or IL-10 and no effect of this
acute statin therapy on islet infiltration or islet MHC class
IT molecule expression (data not shown).

CD4 cells producing IFN-y in response to GAD65s;7 936
and insulin B9-23 were detected infrequently in control
mice (2 of 11) and at low levels and were not detected in
any atorvastatin-treated mice (data not shown).

Effect of atorvastatin treatment on autoimmune dia-
betes development. These data, collected both in vitro
and in vivo, were resonant with previous reports of the
anti-inflammatory effects of statins and provided strong
experimental support for the antidiabetic potential of this
therapy. We therefore initiated both prevention (therapy
starting at 6 weeks of age when islet infiltration is mini-
mal) and intervention (12 weeks of age when the majority
of NOD mice have extensive islet infiltration and overt
diabetes is incipient) studies using a range of atorvastatin
doses. None of these doses were effective at any disease
stage (Fig. bA-F). Analysis of splenocyte CD8 T-cell re-
sponses in these mice receiving statins for a median of 9
weeks indicated that this failure of therapy was associated
with a recovery of NRP-V7 reactivity, such that the fre-
quency of CD8 T-cells making IFN-y in response to this
epitope was not statistically different between vehicle- and
drug-treated mice (Fig. 4C). Likewise, there was no differ-
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FIG. 5. Effect of atorvastatin treatment on autoimmune diabetes development. A: Low dose of atorvastatin (1 mg/kg) (O, n = 11) or PBS control
(@, n = 9) has no effect on diabetes incidence when given orally as a preventive treatment from 6 weeks of age or as a curative treatment from
12 weeks of age (treated n = 19 and PBS control n = 12) (B). A moderate atorvastatin dose of 10 mg/kg was also ineffective at reducing the
incidence of diabetes whether given from 6 weeks of age (treated n = 14 and PBS control n = 9) (C) or from 12 weeks of age (treated n = 24
and PBS control n = 11) (D). Finally, high-dose therapy at 50 mg/kg had no preventive or treatment effect when given from 6 weeks of age (treated
n = 17 and PBS control n = 18) (E) or 12 weeks of age (treated n = 19 and PBS control n = 17) (F). Duration of atorvastatin therapy is

represented by horizontal line.

ence in the frequency of IFN-y—producing cells in response
to ConA stimulation (Fig. 4D).

Effect of atorvastatin on established disease. In light
of our observation that statin-mediated effects on autore-
active CD8 T-cells were acute and short-lived, we rea-
soned that a beneficial effect of these drugs might be seen
if they were given at disease onset. However, oral atorva-
statin given at the stage of overt diabetes had no effect in
controlling rising blood glucose concentration (Fig. 6).

DISCUSSION

This is the first study to examine the effect of statin
treatment using a spontaneous and chronic model of
autoimmunity, as well as the first to do so in a model of
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autoimmune diabetes. We selected a statin with a power-
ful profile of effects in vitro on several of the key immu-
nopathological features of autoimmune diabetes, which
include upregulated MHC class II expression on islet
vessels (11) and activation of islet-specific CDS8 effector
T-cells (18), and one that has previous efficicacy in Thl-
mediated autoimmune disease models (4). Indications of
therapeutic potential that were obtained in our studies in
vitro were bolstered by an equally powerful effect in vivo
on effector T-cells, demonstrated by a 66% diminution in
the frequency of pathogenic NRP-V7 reactive CD8 T-cells,
the circulating number of which is tightly linked to diabe-
tes development (19). Remarkably, cytokine production by
T-cells receiving a polyclonal stimulus was unaffected,

DIABETES, VOL. 55, APRIL 2006



B. LOZANOSKA-OCHSER AND ASSOCIATES

40 o

w
(]

10

Blood glucose {(mmol/i)
N
(=)

0 1 1 ¥ 1 Ll I 1 T 1

0 2 4 6 8 10 122 14 16

Duration of treatment in days

FIG. 6. Effect of atorvastatin on established disease treatment of mice
(n = 6) at the stage of diabetes diagnosis with 50 mg/kg of atorvastatin
did not control or reduce blood glucose concentration. Each symbol
represents a single diabetic mouse.

presumably reflecting the greater effect of statins on
concurrently activated cells. However, this beneficial ef-
fect on autoantigen-specific T-cells was short-lived. As the
number of NRP-V7 reactive CD8 T-cells recovered over
subsequent weeks, progression to overt diabetes develop-
ment was undiminished. Therapy administered at 12
weeks of age, when diabetes onset is imminent, was also
ineffective. Moreover, the acute beneficial effects of statins
were insufficiently powerful to rescue NOD mice at the
stage of overt diabetes.

In keeping with guidelines suggested recently for ensur-
ing appropriate study of potential therapies in NOD mice
(22), we assessed low, medium, and high doses of statins
and used protocols that would evaluate early and late
prevention as well as late intervention. Nonetheless, the
outcome of this comprehensive analysis is that there is no
suggestion from the survival tables of an effect of atorva-
statin on diabetes progression. These results contrast with
the clear success of statins in other models of human
autoimmune disease, such as EAE and CIA (4,6,7). How-
ever, key features of these models are the accurate control
of their induction, their short natural history, and their
tendency, especially in the case of EAE, toward remission
in the medium term. Human autoimmune diseases, on the
other hand, typically have an unknown initiation, and
varying but long preclinical prodromes. In this respect, the
NOD mouse is a more faithful model of human autoim-
mune disease, being spontaneous and chronic. It is not
immediately apparent why atorvastatin, which demon-
strates such powerful effects in vitro, should have failed to
abrogate progression to diabetes in NOD mice. One pos-
sibility is that the anti-inflammatory effects of statins lack
sufficient power to impact upon established, chronic dis-
ease processes, and consistent with this is the observation
that prolonged clinical use of statins has not been associ-
ated with any adverse events that could be attributed to
chronic immune suppression. The observed effect on
pathogenic CD8 T-cells was transient, and it is known
from studies in which the high-avidity clonotypes of
IGRP-reactive CD8 T-cells are deleted that such a maneu-
ver may still fail to affect the rate of disease progression,
as new clonotypes emerge (23). A second possibility is
that our result reflects the known interstrain variations in
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sensitivity to the effects of statins (24). Finally, our find-
ings might also be explained by metabolic compensation
for the enzyme-blocking effects, since rodents are known
to be capable of rapid upregulation of 3-hydroxy-3-meth-
ylglutaryl coenzyme A reductase (25) and the inhibition of
pathogenic CDS8 effector cells by atorvastatin that we
demonstrate was very transient in nature. This explana-
tion would account for the apparent powerful therapeutic
effects of statins in induced acute models of autoimmunity
such as EAE and CIA but not in the chronic model of
inflammation represented by the NOD mouse.

The results from the initial small-scale clinical trials in
the chronic human homologues of EAE and CIA illustrate
the aforementioned difficulties associated with translating
and relating results obtained from mouse studies to human
disease. Vollmer et al. (9) recently reported the results of
the first human clinical trial of the efficacy of statin
treatment in multiple sclerosis patients, in which 30 pa-
tients with relapsing/remitting disease were given 80 mg/
day of oral simvastatin for 6 months. In contrast to the
results obtained from mouse studies, there were no
changes in immunological parameters and cytokine pro-
files after statin treatment. Nevertheless, using baseline
versus treatment comparison, they observed a reduction
in disease activity. Considering the study design (lack of
placebo control, small size, short follow-up), these results
should be considered preliminary in nature. Similarly,
McCarey et al. (8) reported a modest effect on clinical
disease and inflammatory markers following a 6-month
controlled trial in patients with rheumatoid arthritis. The
effect of statin treatment on established disease was
marginal compared with existing antirheumatic therapy,
and again, this was a study of limited size and short term.
Given the improvement in symptoms and the excellent
safety profile of statins, it is possible that in rheumatoid
arthritis, it will represent a useful adjunctive therapy
rather than a disease-modifying one.

The results of our study reflect some of the vicissitudes
of attempting to explore potential therapies for human
disease using animal models, an area of intense recent
debate (22,26). The question remains as to whether statins
should be discarded as potential agents in the prevention
or treatment of type 1 diabetes in humans because of the
failed efficacy in NOD mice or whether the many caveats
that apply to lessons from animal models should be
heeded. High doses were used in our study to induce
changes in pathogenic CD8 T-cells, and perhaps higher
doses than are currently used will be required in humans
to realize similar effects. It is noteworthy that the choles-
terol-lowering properties of statins in mice are minimal
and transient, whereas they are effective and sustained in
humans. Thus maintained, high doses in humans may be
worthy of consideration. Small-scale clinical studies may
be required in the future to focus on evaluating the
immunological efficacy of statin treatment using surrogate
markers, as well as the dose required. However, it is
possible that statins, like other immunomodulatory agents,
may be beneficial in certain inflammatory diseases, have
no effect in some (27), and cause deterioration of others
(22).
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