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Recent studies examining the immunopathogenesis of
rheumatoid arthritis (RA) have highlighted the critical role
of tumor necrosis factor-α (TNF-α) and these findings have
been corroborated by the success of anti-TNF-α directed
therapies in animal models of chronic arthritis and clinical
trials of human RA1-3. Despite this, there remain significant
challenges in the longterm management of RA. Less than
half of patients treated with anti-TNF directed therapies

achieve a major clinical response defined by ACR 50
improvement, clinical relapse occurs shortly after discontin-
uation of therapy, longterm side effects remain to be docu-
mented, and costs are formidable.

Although some have proposed a minor role for T cells in
the perpetuation of inflammation in established RA4, more
recent data contradict this viewpoint. In particular, adminis-
tration of a pan-T cell antibody, anti-CD2, ameliorated
synovitis in human RA synovium transplanted into SCID
mice5. This was associated with reduced proinflammatory
cytokines and infiltration with CD68 positive cells. Others
have described synergy between anti-TNF-α and anti-CD3
or CD4 monoclonal antibodies in the treatment of estab-
lished collagen induced arthritis (CIA)6,7. Activated T cells
also release osteoprotegerin ligand (OPGL), which induces
macrophage and stromal cell differentiation into osteoclasts,
ultimately leading to bone erosion8.

The prototypic T cell directed therapy currently available
to rheumatologists is cyclosporine (CSA). Several double
blinded placebo controlled trials have shown efficacy in
RA9-12 as well as additive benefits to methotrexate13. This
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ABSTRACT. Objective. To examine the efficacy and toxicity of ISATX247, a novel calcineurin inhibitor, in
comparison to cyclosporine (cyclosporin A, CSA) and placebo in established collagen induced
arthritis. ISATX247 has up to 3-fold greater potency than CSA in an in vitro whole blood calcineurin
inhibition assay and in in vivo solid organ and cell transplantation models. Phase I clinical trials
show no discernible nephrotoxicity.
Methods. Type II collagen immunized DBA/Lac J mice with established arthritis were randomized
to treatment with ISATX247 (125/250/500 µg/mouse), CSA (250/500 µg/mouse), or drug vehicle, by
daily intraperitoneal injection for 10 days from the onset of clinical arthritis.
Results. A significant dose dependent reduction in clinical severity was observed in ISATX247
treated but not in CSA treated animals 10 days after the onset of established arthritis, and when
examined by area under the curve analysis during the treatment period. Significant improvement in
paw swelling (p < 0.001), synovial histology (p < 0.001), and articular cartilage damage scores (p =
0.002) was also noted in ISATX247 treated animals, even in the 125 µg dose group (p = 0.03 for paw
swelling and synovial histology). By comparison, CSA had no significant effect on either synovial
inflammation or articular cartilage damage. ISATX247 (500 µg dose group) was the only treatment
to significantly decrease the development of proximal interphalangeal joint erosions (p < 0.05). A
significant reduction in Type II collagen antibody titer was noted in ISATX247 animals in both 250
µg (p = 0.02) and 500 µg (p = 0.004) dosage groups, but only in the 500 µg group for CSA (p =
0.004). Treatment was well tolerated, with no significant toxicity in ISATX247 groups.
Conclusion. ISATX247 demonstrates efficacy and safety in the treatment of established collagen
induced arthritis. Together with its improved potency and nephrotoxicity profile in comparison to
CSA, this agent warrants further clinical investigation in autoimmune disease. Phase II studies in
rheumatoid arthritis have been initiated. (J Rheumatol 2002;29:1646–52)
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was accompanied by decreased development or progression
of bone erosions. CSA also compares favorably with estab-
lished disease modifying antirheumatic drugs (DMARD) in
longterm open randomized actively controlled trials with
blinded radiological endpoints14,15. However, nephrotoxicity
is a significant limitation, up to 30% of patients experi-
encing treatment-limiting increases in serum creatinine >
30% even with a dose as low as 2.5 mg/kg/day given over
16 weeks in one recent controlled trial16. Consequently,
despite its efficacy, it has not gained widespread acceptance
in clinical practice because less toxic antirheumatic drugs
are available.

CSA appears to exert its effects primarily through
binding to an immunophilin, cyclophilin, and interfering
with the calcium and calmodulin dependent activation of
calcineurin, a serine-threonine phosphatase17. One of the
major substrates for this enzyme is the transcription factor,
nuclear factor of activated T cells (NFAT). Dephos-
phorylation of NFAT allows its translocation from the cyto-
plasm into the nucleus, allowing binding to the promoter
regions of several proinflammatory cytokines, e.g., inter-
leukin 1 (IL-1), IL-2, TNF-α, IL-6, and granulocyte-
macrophage colony stimulating factor, inducing
upregulation of gene transcription18. Both CSA and another
calcineurin inhibitor, FK506, have been examined in CIA
and shown to ameliorate established disease19,20. CSA was
also shown to have additive therapeutic effects with an anti-
TNF-α monoclonal antibody in this animal model21.

ISATX247 is a novel calcineurin inhibitor with a similar
pharmacokinetic profile to CSA, although its metabolism is
shifted away from amino acid 1 to other parts of the mole-
cule. Reduced metabolism at amino acid 1 may be favor-
able, as it has been reported that the CSA metabolites
associated with toxicity are linked to metabolism of this
amino acid residue22. It is, however, up to 3 times as potent
as CSA in the whole blood in vitro calcineurin inhibition
assay23. Examination of this agent in the rat heart allograft
model showed that administration of ISATX247 resulted in
considerable prolongation of survival compared to CSA23. It
was also significantly more potent than CSA in delaying the
onset of diabetes in an islet cell allotransplantation model24.
Despite its greater potency, ISATX247 is significantly less
nephrotoxic than CSA. No significant side effects were
observed in primates given this agent at 150 mg/kg for 8
weeks followed by 300 mg/kg for an additional 4 weeks25.
The comparative toxicity of ISATX247 with respect to CSA
was examined in rabbits, which is the most reliable model
for predicting nephrotoxicity in humans. At doses of 25
mg/kg/day over 4 weeks, no significant adverse events were
observed with ISATX247 in comparison to the nephrotoxi-
city observed in CSA treated animals26.

We examined the therapeutic effects of ISATX247 in CIA,
an established T cell dependent animal model of RA. Active
comparator CSA arms were included to provide preliminary

estimates of potency. Our findings suggest that ISATX247 is
safe and effective in the treatment of established collagen
induced arthritis and may also be more potent than CSA.

MATERIALS AND METHODS
Induction of arthritis. DBA1/LacJ mice were immunized intradermally at
8–10 weeks of age with 100 µg of chick Type II collagen (Chondrex) emul-
sified in Freund’s complete adjuvant (Chondrex). The mice were inspected
daily for signs of arthritis beginning at 21 days after immunization. Onset
of arthritis typically occurs in our facility 35 days after immunization. A
small dose of lipopolysaccharide (25 µg) was administered intraperi-
toneally at Day 35 to synchronize the onset of arthritis27, which occurred in
roughly 95% of animals. The research was carried out with the approval of
the University of Alberta Animal Research Ethics Board.
Therapeutic agents and treatment protocol. ISATX247 was provided as a
soluble formulation containing the following ratio of components: 4 g
vitamin E TPGS, 1 g ethyl alcohol (95%), 2 g Tween 40, 2 g MCT oil. This
agent was administered by daily intraperitoneal injection at doses of 125,
250, or 500 µg per mouse. CSA (Sandimmune) was purchased from Sandoz
(Basal, Switzerland) in the form of an injectable solution and administered
by daily intraperitoneal injection at doses of 250 or 500 µg per mouse in the
same formulation as ISATX247. The control arm included drug vehicle
given by daily intraperitoneal injection. Randomization codes were
computer generated and allocation to the different treatment arms was
performed at disease onset. Allocation assignments were placed in an
opaque envelope and securely maintained. Allocation to the different treat-
ment arms was carried out by an individual unconnected with the trial and
outcome assessments. Disease onset was defined as the day when erythema
and/or swelling was first observed in one or more limbs (Day 1).
Treatments were then administered daily by intraperitoneal injection for 10
days. Mice were euthanized on Day 10 and the joints were processed for
histology.

Outcome assessments
Clinical scores. To determine the effect of therapy on the clinical severity
of arthritis, clinical score was monitored daily over the 10 day treatment
period by 2 observers blinded to treatment. Each limb was graded
according to a scoring system: 0 = normal, 1 = slight swelling and/or
erythema, 2 = pronounced edematous swelling, giving a maximum possible
score of 8 per mouse.

Hind paw swelling. Hind paw swelling was measured directly using
calipers on a daily basis throughout the treatment period.

Histological scoring. To allow comparisons between treatments in estab-
lished disease of identical duration after euthanasia, the first limb to show
clinical arthritis was removed, fixed in formalin, and decalcified. Tissues
were dehydrated in gradient alcohols, embedded in paraffin, sectioned at 7
µm, mounted on glass slides, and stained with hematoxylin and eosin or
safranin-O (proteoglycan stain). Synovial infiltration with inflammatory
cells and cartilage destruction were scored on 5 semi-serial sections, spaced
10 sections apart, on each of 3 specimens obtained from each joint and
mean values were determined. Scoring was performed by a veterinary
histopathologist who was blinded to treatment assignments. Synovial infil-
tration with inflammatory cells was graded on a scale of 0 to 3 and carti-
lage destruction was scored as follows: 0 = normal, 1 = areas with dead
chondrocytes (empty lacunae) or focal cartilage loss, 2 = loss of 25–50% of
the cartilage, and 3 = complete loss of cartilage.

Erosion scoring. To determine clinical arthritis, sagittal sections of the
proximal interphalangeal (PIP) joint of the middle digit of the first limb
were examined by microscopy in a blinded manner by a veterinary
histopathologist for the presence or absence of erosions (defined as demar-
cated defects in cartilage or bone filled with inflammatory tissue), as
described6. This allowed comparisons between the same joint of different
animals. Studies have described erosions in more than 90% of untreated
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arthritic animals in this joint. The proportion of PIP joints showing erosive
changes was compared between the different active treatment arms and
placebo.

Type II collagen antibody titers. Serum was obtained at Day 1 and Day 10
of arthritis. Type II collagen antibody titers were analyzed in duplicate by
ELISA (Chondrex).

Toxicity analysis. Animals were closely supervised for overt clinical signs
of toxicity. Blood creatinine was collected at baseline and at sacrifice.
Histologic analyses of major organs were conducted (kidneys, liver, heart,
spleen, lung) in a blinded manner by a veterinary histopathologist.

Statistical analysis. Sample size calculations were estimated based on
previous work examining the effects of CSA on the proportion of animals
developing joint erosions in established CIA21. Proportions in this study
were 0.96 for placebo and 0.36 for CSA after 10 days of therapy.
Computing the sample size and proportions of 0.45 and 0.9 for treatment
and placebo groups, respectively, it was estimated that at least 9 animals in
each group would be required to obtain 80% power for detecting a signifi-
cant difference (p = 0.05). The analysis of variance (ANOVA) test was used
to compare mean clinical scores, histological scores, paw swelling, and
Type II antibody titers. Fisher’s exact test was used to compare the propor-
tions of animals developing joint erosions. Area under the curve (AUC) for
clinical score was computed for each animal using the trapezoidal method
and compared by ANOVA. Each dose of ISATX247 and CSA as well as all

animals that received either ISATX247 or CSA were compared with control
animals, and the Bonferroni correction was applied to all p values to adjust
for multiple comparisons. A p value < 0.05 was considered statistically
significant.

RESULTS
Clinical scores. Administration of ISATX247 was associated
with a dose dependent reduction in the clinical severity of
arthritis compared with the control group that attained statis-
tical significance with all the ISATX247 doses by Day 10
(125 µg, p = 0.047; 250 µg, p = 0.02; 500 µg, p = 0.009)
(Figure 1A). For CSA, a significant reduction was observed
in the 250 µg (p = 0.03) but not the 500 µg dosage group
(Figure 1B). Similarly, AUC analysis over the 10 day treat-
ment period revealed a significant dose dependent reduction
in ISATX247 treated animals (250 µg, p = 0.04; 500 µg, p =
0.002), but not in CSA treated animals, compared to
controls. Combining the scores for all animals that received
either ISATX247 or CSA, a significant reduction was
observed in the ISATX247 (p < 0.001) and CSA (p = 0.02)
treated animals compared to the placebo group.

Figure 1. Clinical scores (mean ± SEM) in mice treated daily from onset of
arthritis (Day 1) until euthanasia (Day 10): A. ISATX247 in doses of 125 (n
= 20), 250 (n = 20), or 500 µg (n = 24); B. CSA in doses of 250 (n = 16)
or 500 µg (n = 26). Control treatment was drug vehicle (n = 24).

Figure 2. Paw swelling (mean ± SEM) in mice treated daily from onset of
arthritis (Day 1) until euthanasia (Day 10) as in Figure 1. A. ISATX247; B.
CSA.
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Paw swelling. Treatment with ISATX247 reduced the degree
of paw swelling, significant differences from controls being
observed with the 125 µg dose (p = 0.03) by Day 10 (Figure
2A). Similar reductions in paw swelling were observed in
the CSA 250 µg treated animals (p = 0.03) (Figure 2B).
Combining the scores for all animals that received either
ISATX247 or CSA, a significant reduction was observed in
both ISATX247 (p < 0.001) and CSA (p = 0.02) treated
animals compared to controls.

Synovial and cartilage histopathology. Examination of the
synovial infiltrate of the PIP joint revealed significant reduc-
tions in inflammatory cells in animals treated with
ISATX247 125 µg (p = 0.03) and 500 µg (p = 0.01)
compared to controls (Table 1, Figure 3). In contrast, treat-
ment with CSA did not significantly reduce inflammatory
cell infiltration compared to controls. Significant reductions
in PIP joint articular cartilage damage scores were not
observed in any particular treatment group, although signif-
icant reduction was noted when all ISATX247 treated
animals were compared to controls (p = 0.009) (Table 1). In
contrast, no significant reduction was observed in CSA
treated animals.

PIP joint erosions. A dose dependent reduction in PIP joint
erosions was observed in both ISATX247 and CSA treated
animals, although ISATX247 at 500 µg was the only thera-
peutic intervention associated with a significant increase
(38%) in the proportion of PIP joints without erosions
compared to controls (13%) (p < 0.05) (Figure 4).

Type II collagen antibody titers. Treatment with ISATX247
was associated with a dose dependent reduction in Type II
collagen antibody titer compared to controls at Day 10 that
was significant in animals treated with 250 µg (p = 0.02) and
500 µg (p = 0.004) doses (Figure 5). A significant reduction
was also noted in the CSA 500 µg treatment group (p =
0.004). However, only treatment with ISATX247 at 500 µg
actually decreased the Type II collagen antibody titer below
the baseline value.

Toxicity analyses. No significant toxicity was observed in
either ISATX247 or CSA treated animals. In particular,
nephrotoxic lesions were not evident.

DISCUSSION
The various outcome measures employed to examine

ISATX247 in established CIA all showed significant thera-
peutic efficacy in comparison to controls. In particular, doses
of ISATX247 as low as 125 µg were associated with signifi-
cant reduction in synovitis and only treatment with ISATX247
led to significant protection from articular cartilage damage
and bone erosion. This work adds to the literature that T cell
directed therapies such as CSA and CTLA4-Ig Fc receptor
fusion protein, which blocks the CD28-B27 interaction and
therefore T cell costimulation by antigen presenting cells, are
capable of ameliorating established arthritis28. This supports
the hypothesis that T cells are involved not only in induction
of CIA but also its perpetuation29.

CSA was also shown to reduce TNF-α expression in
arthritic joints21, albeit through an indirect mechanism
involving suppression of interferon-γ (IFN-γ) production by
T cells expressing the Th1 helper phenotype. ISATX247 has
been compared to CSA in in vitro whole blood assays and
demonstrated a markedly lower EC50 for T cell proliferation,
production of proinflammatory cytokines IL-2, IFN-γ, and
TNF-α, and expression of CD25 and CD40 ligand30. In
addition to demonstrating superiority over CSA in
prolonging islet cell allograft survival24, we have shown that
ISATX247 not only prevents but also ameliorates established
antigen induced arthritis in rabbits31.

ISATX247 was examined in Phase I human trials evalu-
ating roughly 150 individuals at doses up to 6 mg/kg/day for
7 days, and no serious adverse events, particularly nephro-
toxicity, were observed32. Nevertheless, pharmacodynamic
monitoring, measured by inhibition of calcineurin activity,
indicated a 44% mean inhibition at peak drug concentrations
with the lowest dose examined (1 mg/kg/day)32. This begs
the question of how ISATX247 exerts antiinflammatory
effects without inducing nephrotoxicity. The mechanism by
which CSA induces nephrotoxicity is currently unknown.
The prevailing theory considers nephrotoxicity an unavoid-
able consequence of calcineurin inhibition, as similar effects
are observed with FK506 despite its cytoplasmic binding to
a different immunophilin33. Recent work suggests that CSA
may exert antiinflammatory effects independent of inhibi-
tion of calcineurin and NFAT. These include decreased c-
myb binding to DNA, increased ligand activated
glucocortocoid receptor transcription, increased generation
of transforming growth factor-ß (TGF-ß), and decreased
generation of TNF-α and leukotriene-ß34-36. In addition, it

Table 1. PIP joint synovial histopathological and articular cartilage damage scores at euthanasia (Day 10) in mice treated with ISATX 247, CSA, or drug vehicle
control. Data are mean (standard error).

Control, ISATX 247 CSA
PIP Joint n = 24 125 µg, 250 µg, 500 µg, Combined, 250 µg, 500 µg, Combined,

n = 20 n = 20 n = 24 n = 64 n = 16 n = 26 n = 42

Synovial score 2.83 (0.10) 2.00* (0.27) 2.25 (0.28) 1.88** (0.30) 2.03 ** (0.16) 2.59 (0.23) 2.31 (0.19) 2.42 (0.15)
Cartilage score 2.67 (0.18) 1.81† (0.30) 2.00 (0.32) 1.83† (0.30) 1.88** (0.17) 2.24 (0.26) 2.00 (0.25) 2.09 (0.18)

† p < 0.1, * p < 0.05, ** p < 0.01 compared to control group.
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has been suggested that CSA induced nephrotoxicity may
not be entirely associated with calcineurin inhibition.
Increased expression of TGF-ß and increased angiotensin II

stimulated calcium influx into vascular smooth muscle are 2
effects of CSA thought to be related to the development of
nephrotoxicity that may not be dependent on calcineurin

Figure 3. A. Histological section (H&E, ×100) through the PIP joint of an animal treated with drug vehicle shows extensive synovial
inflammation and destruction of articular cartilage. B. Section (H&E, ×100) through PIP joint of an animal that received 500 µg
ISATX247 shows minimal synovial inflammation and preservation of articular cartilage.

A

B

Personal non-commercial use only.  The Journal of Rheumatology Copyright © 2002.  All rights reserved.

 www.jrheum.orgDownloaded on May 24, 2023 from 

http://www.jrheum.org/


inhibition37,38. Different tissue-specific isoforms of
calcineurin have also been described39,40, raising the possi-
bility that ISATX247 may display specificity for different
isoforms from CSA related to differences in tissue distribu-
tion. Finally, ISATX247 differs from CSA in its hepatic
metabolism. Both in vitro and in vivo studies show reduced
metabolism at amino acid 1 for ISATX247 compared to
CSA. It has been reported that CSA metabolites associated
with toxic side effects have been linked to metabolism at
amino acid 122.

Studies have shown an additive effect between CSA and

an anti-TNF-α monoclonal antibody in established CIA, at
least in so far as the development of erosive change is
concerned21. This is consistent with reports of synergy
between either anti-CD4 or anti-CD3 plus anti-TNF-α
monoclonal antibody therapies in established CIA6,7.
Synergy has also been described in human RA between anti-
TNF-α monoclonal antibody and low dose methotrexate
therapy41, the latter agent being capable of promoting acti-
vation induced T cell apoptosis42. The availability of a
potent T cell directed therapy with similar properties to
CSA, but without the associated nephrotoxicity, therefore
has significant therapeutic implications for management of
RA. A phase II program of evaluation of ISATX247 in
human RA has been initiated.
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